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The aim of this work was to define the features of the age structure of the silver birch stands in the Left-Bank Forest-
Steppe considering forest site conditions, origin, site index and proportion of this species in the forest composition.
Survival of silver birch in almost all age classes was the lowest in the relatively poor forest site conditions. The mean
weighted age classes of silver birch are 1.8 in vegetative stands and IV.6 — in artificial seed stands. For all origins,
the mean weighted age classes are V.1 for Sumy Region and 1V.6 — for Kharkiv and Poltava Regions. The stands of
the lower productivity have the least longevity. Survival of pure and almost pure stands (silver birch make 90 % of
all the trees) is the lowest. At that, it is the highest in Sumy Region.
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Introduction. Silver birch (Betula pendula Roth) in the forest fund of the State Agency of
Forest Resources covers only 5.7% from the forest-covered area (Zahalna kharakterystyka 2016).
Considering a high ecological meaning of this species (Meshkova & Koshelyaeva 2015, Goychuk et
al. 2018), its proportion should be increased. However, due to its lower productivity and cost
compared with pine and oak species, a silver birch is also underutilized as a source of valuable
wood. At the same time, recently the health condition of silver birch has worsened in many regions
(Skrylnik & Koshelyaeva 2015, Goychuk et al. 2018). Our studies showed that among the trees
with the diameter over 20 cm, a diameter of dead trees exceeded a diameter of living trees
(Meshkova et al. 2018). This indirectly indicates that the standard age of maturity and, accordingly,
the age of the main felling in birch stands is overstated. Due to the small proportion of the birch in
the stands and its relatively early mortality, the valuable properties of this species are far from being
fully utilized. We assumed that to evaluate the maturity age in unfavourable conditions for many
forest species, it is necessary to take into account not their productivity dynamics only, but also the
risk of worsening of their health condition with age, which is accompanied by the deterioration in
the quality of timber products.

The aim of this work was to define the features of the age structure of silver birch stands in the
Left-Bank Forest-Steppe considering forest site conditions, origin, site index and proportion of this
species in the forest composition.

Materials and Methods. We analyzed the Production Association “Ukrderzhlisproekt”
Database (by 01.01.2011) for the State Forest Enterprises which are located in the Left-Bank
Forest-Steppe. Sumy Region was represented by two State Enterprises, namely Okhtyrske Forest
Economy (FE) and Trostianetske FE. Poltava Region was represented by three State Enterprises:
Gadiatske FE, Myrgorodske FE and Poltavske FE. Kharkiv Region was represented by six State
Enterprises: Vovchanske FE, Gutianske FE, Zmiyivske FE, Chuguyevo-Babchanske FE,
Skrypayivske Training & Experimental Forest Economy of Kharkiv National Agrarian University
named after V. V. Dokuchaev (Skrypayivske TEFE) and Kharkivska Forest Research Station of the
Ukrainian Research Institute of Forestry and Forest Melioration named after G. M. Vysotsky
(Kharkivska FRS). Their territory varies from 49°35' N (Poltavske FE) to 50°28"' N (Trostianetske
FE) by latitude and from 33°36'E (Myrgorodske FE) to 36°56' E (Vovchanske FE) by longitude
(Table 1). The proportion of stands with silver birch as the main forest-forming species was the
lowest in Skrypayivske TEFE and Chuguyevo-Babchanske FE (0.2 and 0.4 % respectively) and the
highest in Poltavske FE (2.2 %). The oldest silver birch stands were in the VIII age class in
Zmiyivske FE only, in the IX age class — in five forest enterprises, in the X age class — in three
forest enterprises and in the XI age class — only in two forest enterprises Trostianetske FE and
Gadiatske FE, which are in the most northern part of the analyzed territory (Table 1).
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Table 1
Characteristics of birch stands in the territory of forest enterprises

. . Longitude, Proportion of silver Age class limits
State Forest Enterprise (FE) Latitude, N* gE bir?:h stands, %™ fo?birch stands*
Okhtyrske FE 50°18' 34°54' 0.9 I-X (V.1)
Trostianetske FE 50°28' 34°28' 1.4 1-XI (V.1)
Vovchanske FE 50°17' 36°56' 0.6 I-X (V.2)
Gutianske FE 50°08' 35°21" 15 I-IX (IV.3)
Zmiyivske FE 49°42' 36°22' 0.6 I-VIII (IV.1)
Skrypayivske TEFE 49°44' 36°31" 0.2 11-1X (V.5)
Chuguyevo-Babchanske FE 49°52' 36°44' 0.4 1-1X (111.9)
Kharkivska FRS 50°09' 36°31" 15 1-1X (V.0)
Gadiatske FE 50°22' 33°59' 2.0 1-X1 (1V.8)
Poltavske FE 49°35' 34°32 2.2 1-X (1V.3)
Myrgorodske FE 49°57 33°36' 1,6 I-IX (IV.7)

* Latitude and longitude for each forest enterprise were evaluated as centroids of respective contours of the territory
using MapInfo Mapping Package.
**Proportion of birch stands from area of forest covered lands, %.

We studied the data for subcompartments with silver birch as the main forest-forming species
according to 10-year age classes for different forest site conditions, origin (natural and artificial
seed origin, vegetative origin), site index, and proportion of silver birch in the stand composition.

The probability of stand survival up to the mentioned age class was modeled by means of the
method of Yu. P. Demakov (Demakov 2000), which was successfully tested in the analysis of the
pine plantations survival in Sumy Region (Tovstukha 2012). According to this method, the area
proportion of each 10-year age class was evaluated for each sample of subcompartments with
respective forest site condition, origin, site index, and proportion of silver birch in the stand
composition. Then we evaluated the proportion of stands’ area which survives up to a certain age.

To analyze the data, we applied MS Excel. Coordinates for forests of each forest enterprise
were evaluated as centroids of respective contours of the territory using MapInfo Mapping Package.

Results and Discussion. We analysed silver birch stands from subcompartments with all forest
site conditions, origin, site index and birch proportion in the stand and found out that in the IV age
class from 30.5 % (Chuguyevo-Babchanske FE) to 74.3% (Skrypayivske TEFE) of the trees
survived (Table 2).

Table 2

Survival of birch stands in the forest fund of certain forest enterprises of the Left-Bank Forest-Steppe (all
origins, site indices and forest site conditions)

_ Mean Survival up to
State Forest Enterprise (FE) IV age V age VI age Vil age | VIl age
age class

class class class class class
Vovchanske FE V.2 58.6 41.3 31.5 23.4 5.4
Kharkivska FRS V.0 66.7 39.6 3.3 2.0 2.0
Gutianske FE V.3 45.0 32.6 17.4 4.3 0.1
Chuguyevo-Babchanske FE 111.9 30.5 19.7 12.0 2.7 1.2
Skrypayivske TEFE V.5 74.3 48.0 29.6 2.8 2.8
Zmiyivske FE V.1 43.1 21.8 6.9 1.6 0.0
Trostianetske FE V.1 65.1 38.5 13.6 6.2 1.7
Okhtyrske FE V.1 65.6 37.3 26.7 9.9 5.0
Gadiatske FE V.8 51.4 34.4 16.2 6.0 1.1
Poltavske FE V.3 46.6 33.5 16.5 2.9 0.8
Myrgorodske FE V.7 53.6 38.6 16.7 5.4 1.0

We also found that the part of the stands preserved in the V age class is from 19.7 % in
Chuguyevo-Babchanske FE to 48 % in Skrypayivske TEFE and 41.3% in Vovchanske FE. Up to
the VIII age class which is suggested as the age of maturity, 5.4 and 5.0 % of silver birch stands
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survive in Vovchanske FE and Okhtyrske FE respectively. There are no such stands in Zmiyivske
FE, and they cover less than 1% of the area in Poltavske FE and Gutianske FE (Table 2).

Grouping data showed that the survival of silver birch in almost all age classes is the lowest in
the relatively poor forest site conditions, while it is the highest in the age before the V age classes
and after the VII age classes in fresh fertile forest site conditions (Fig. 1). It happens due to the fact
that fertile sites are more favourable for many tree species. However, the silver birch is often
removed from pine-birch stands in fresh relatively poor forest site conditions during thinning

operations.
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Fig. 1 — Survival of birch stands in the particular forest site conditions in the forest fund
of analyzed forest enterprises of the Left-Bank Forest-Steppe (all origins, and site indices)

(B, — fresh relatively poor forest site conditions (fsc); Bz — moist relatively poor fsc; C, — fresh relatively fertile
fsc; C; — fresh relatively fertile fsc; D, — fresh fertile fsc)

We compared the results of evaluation by administrative regions and found out that the silver
birch survival was the lowest in the Forest-Steppe part of Kharkiv Region and the highest in the

Forest-Steppe part of Sumy Region almost in all forest site conditions (Table 3).
Table 3
Survival of birch stands in the particular forest site conditions in the forest fund of analyzed forest enterprises
of the Left-Bank Forest-Steppe grouped by regions (all origins, and site indices)

_ Mean Survival (%) up to
Region IV age V age VI age Vil age | VIII age
age class
class class class class class
B, — fresh relatively poor forest site conditions
Kharkiv 1.2 16.3 9.6 5.8 3.6 0.0
Sumy V.1 68.0 51.4 18.2 5.1 1.3
Poltava V.6 51.4 35.7 19.7 5.7 0.2
B; — moist relatively poor forest site conditions
Kharkiv V.5 53.9 32.8 22.6 2.5 0.0
Sumy V.7 62.5 28.4 15.3 0.0 0.0
Poltava V.7 55.7 37.9 15.1 4.3 1.2
C, — fresh relatively fertile forest site conditions
Kharkiv V.7 57.5 36.5 20.0 2.8 0.8
Sumy V.0 64.3 33.3 14.6 5.5 2.2
Poltava V.8 54.6 42.4 20.5 6.5 1.2
C; — fresh relatively fertile forest site conditions
Kharkiv V.6 50.2 36.5 16.0 3.7 0.6
Sumy V1.0 83.1 60.1 48.1 23.0 4.3
Poltava V.9 52.2 40.9 22.7 4.7 2.4
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Table 1. Continued

Survival (%) up to

Region Mean 1V age V age VI age VIl age | VIII age
age class
class class class class class
D, — fresh fertile forest site conditions
Kharkiv V.9 73.5 60.3 37.3 32.8 8.4
Sumy V.2 62.2 26.7 15.8 10.8 7.8
Poltava V.1 71.3 37.8 11.1 3.6 1.9

However, in the fresh fertile forest site conditions, such relations are actual up to the 1V age
class only and in higher age classes of silver birch stands in Kharkiv Region.

On calculating the survival of silver birch stands of different origin by plots (Fig. 2), we noted
that the mean weighted age class of this tree species in the Left-Bank Forest-Steppe is IV.7. It is
slightly higher in vegetative stands (IV.8) and little less in artificial seed stands (IV.6). For all
origins, the mean weighted age class is the highest for Sumy Region (V.1) and is V.6 for Kharkiv
and Poltava Regions. The mean weighted age class for Kharkiv Region is the highest for vegetative
stands (V.6), for Poltava Region — for natural seed stands (V.0), and for Sumy Region it is V.1 for
vegetative and artificial seed stands and 1V.7 for natural seed stands.

All origins Natural seed origin
100 100
-~
_ﬂ}\
80 \ 80
= NN\ S DN
= 60 N — 60 NG
E ) = TN
= 40 Z 40 .
] 71 -
20 \ 20 '\
-
0 ™ 0 e
TSRS T Se o VoSS T
Age classes Age classes
------ Kharkiv Sumy == == Poltava e eeee Kharkiv Sumy == == == Poltava
Artificial seed origin Vegetative seed origin
100 [ — 100 R
s AN
80 NS 80 E}, -
= A =S I
= 60 \ . 60 <
B Na s SN
E 40 \,.\ T 40 SN
= - = Y
= 20 “QL w2 - ..
N 20 AN
0 e \\-..‘.
AN T P T M EN 0 e
<SS [LD DS ™ 4
N e - I 0 LI IV V VI VIVIIIX X
Age classes Age classes
------ Kharkiv Sumy == === Poltava semeenees Kharkiv Sumy — == == == Pgoltava

Fig. 2 — Survival of birch stands of different origin in analyzed forest enterprises of certain regions

of the Left-bank Forest-Steppe (all site indices and forest site conditions)

A comparison of the survival for silver birch stands of different site indices showed that the
stands of the worse growth have the least longevity (Fig. 3).

At the same time, we figure out that the stands with the best growth (site indices 1°-1°) survive
up to the VII age class only, while the stands of I-I11 site indices survive up to the X age class.
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Fig. 3 — Survival of birch stands of particular site indices in the forest fund of analyzed forest enterprises
of the Left-Bank Forest-Steppe (all origins, and forest site conditions)

Such a conclusion is also true for certain regions (Table 4). There no silver birch stands of
IV-V site indices in Sumy Region, they survive over 30 years in Kharkiv Region and up to V age
class in Poltava Region. The stands of 1°~1° site index survive up to VII age class in all analyzed

regions. The survival of birch stands with the best growth is the highest in Sumy Region.
Table 4
Survival of birch stands of particular site index in the forest fund of analyzed forest enterprises
of the Left-Bank Forest-Steppe grouped by regions (all origins, and forest site conditions)

Mean Survival (%) up to
Region age class IV age V age VI age Vil age | VIII age
class class class class class
Site index 1> — 19
Kharkiv IV.5 54.9 32.6 5.5 0.5 0.0
Sumy V.9 63.9 30.9 7.3 0.2 0.0
Poltava v.1 35.5 21.1 3.0 0.4 0.0
Site index |
Kharkiv V.7 49.5 34.9 27.9 13.6 1.6
Sumy V.7 75.1 49.6 38.8 18.1 2.2
Poltava V.4 71.2 53.9 31.6 8.8 04
Site index 11 — 111
Kharkiv V.5 45.8 35.5 16.7 9.0 6.5
Sumy V.0 55.3 46.4 33.8 20.2 16.8
Poltava V.6 51.9 37.9 21.8 7.3 3.1
Site index V-V
Kharkiv 1.9 0.0 0.0 0.0 0.0 0.0
Sumy - - - - — —
Poltava 1.0 174 14.8 0.0 0.0 0.0

A comparison of silver birch stands of different species composition showed that survival of
pure (100 % of silver birch) and almost pure (90 % of silver birch) stands is the lowest (Fig. 4). The
stands with 50-70 % of silver birch have the highest survival level. The stands with a low
proportion of silver birch (up to 40 %) take an intermediate position.
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Fig. 4 — Survival of birch stands with particular birch proportion in the stand composition in the forest fund of
analyzed forest enterprises of the Left-Bank Forest-Steppe
(all origins, site indices and forest site conditions)

We detected that the survival of pure and almost pure silver birch stands is the highest in Sumy
Region (Table 5). Survival of stands with 50-70 % of silver birch is the highest in Sumy Region up
to the IV age class only. Survival of the stands with a low proportion of silver birch (10—40 %) is
the highest in Sumy Region after the VI age class.

Table 5
Survival of birch stands with particular birch proportion in the stand composition in the forest fund of analyzed
forest enterprises of the Left-Bank Forest-Steppe grouped by regions
(all origins, site indices and forest site conditions)

_ Mean Survival (%) up to
Region 1V age V age VI age Vil age | VIII age
age class
class class class class class
Birch proportion is 90-100 %
Kharkiv V.2 46.5 25.8 5.2 2.1 0.7
Sumy V.2 73.0 40.1 17.1 7.3 2.5
Poltava V.3 44.0 29.8 11.2 3.7 0.3
Birch proportion is 50—70 %
Kharkiv V.0 58.1 44.2 24.6 10.4 1.2
Sumy V.0 59.6 35.4 20.9 5.4 2.6
Poltava V.9 56.3 43.2 24.3 7.6 2.0
Birch proportion is up to 40 %
Kharkiv V.1 41.4 32.4 7.5 0.8 0.8
Sumy V.3 52.8 28.9 28.9 18.3 18.3
Poltava V.7 59.4 45.8 16.5 0.2 0.0

The results of the research showed that the survival rate of silver birch in the forest stands of
the Left-Bank Forest-Steppe depends on the region, the type of forest site conditions, the origin, the
site index of the stands, as well as on the proportion of silver birch in the composition. At the same
time, the manifestation of various factors of the weakening of birch stands also depends on these
factors. Therefore, one of the tasks of our subsequent research is to reveal the combination of
factors most favourable for the long-term existence of silver birch forests. Furthermore, if there is a
threat of mortality to silver birch plantations and/or a risk of timber quality decrease, it is necessary
to provide in the regulatory documents the possibility of reducing the age of main felling in case of
expectation of the deadline for the main felling in accordance with existing standards.
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Conclusions. The probability of silver birch survival in the Left-Bank Forest-Steppe was
evaluated depending on the region, the type of forest site conditions, the origin, the site index of the
stands and the proportion of silver birch in the composition.

We came to the conclusion that survival of silver birch in almost all age classes is the lowest in
the relatively poor forest site conditions and is the highest in the most of age classes in fresh fertile
forest site conditions.

Moreover, the mean weighted age class of silver birch in the Left-Bank Forest-Steppe is IV.8
in vegetative stands and 1V.6 — in artificial seed stands. For all origins, the mean weighted age class
is V.1 for Sumy Region and 1V.6 — for Kharkiv and Poltava Regions.

The stands of the worse growth have the least longevity.

A survival of pure (100 % of silver birch) and almost pure (90 % of silver birch) stands is the
lowest. The stands with 50-70 % of silver birch have the highest survival level. The stands with a
low silver birch proportion (up to 40 %) take an intermediate position. Survival of pure and almost
pure silver birch stands is the highest in Sumy Region.

To conclude, it is necessary to provide the possibility to reduce the age of the main felling if
there is a risk of decrease of the timber quality in case of expectation of the deadline for the main
felling in accordance with existing standards.
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MemxkoBa B. H.l, Kourensiesa $1. B.2

BIKOBA CTPYKTYPA JIICOBOI'O ®OHAY BEPE3OBUX HACAJI’)KEHbL JIIBOBEPEXHOI'O JIICOCTEITY
YKPATHU

YWkpaincokuii  naykogo-docnionuii  incmumym — nicogoco  eocnodapcméa  ma  azporicomeniopayii
im. I'. M. Bucoywvrozo

zXapKiGCbKuﬁ Hayionanvuuii aepapnuii ynieepcumem im. B. B. /lokyuaesa

Meroto nociipkeHb OyJo BHABIEHHS OCOOJNMBOCTEl BIKOBOI CTPYKTYpH Haca/DkeHb Oepe3n IOBHCIO]
JliBoGepeXHOTO JTiCOCTeNy 3 ypaxyBaHHSM JICOPOCIMHHUX yYMOB, NMOXOJ/DKEHHsI, OOHITETY Ta y4acTi IbOTO BUAY B
CKJIaJl Haca/pKeHb. IMOBIpHICTH BIDKMBaHHS Oepe3n MOBHUCIIOI Maike B yCixX Kilacax BiKy Oyia HaWMEHIIOI0 Y CBIKOMY
cy6opi. Cepenniii 3BaxeHui Kiac Biky Oepesu mosucioi — IV,8 y BererarnBHuX Haca/pkeHHsX 1 1V,6 y mTydHuX
HaciHHeBuX. CepenHiil 3BakeHHH Kiac BiKy Oepe3oBHX HacapkeHb y BHOIpKax YCiX NMOXO/KEHb CTaHOBUTH V,l y
Cymcekiit oomacti Ta IV,6 y Xapkisebkiit i [TonTaBepkiil. HacamkeHHS HaWTIpIIOTo pOCTY € HaMEHI JOBIOBIYHUMU.
VIMOBipHICTh BIKMBAHHS YMCTHX i Maibke unmcTux (9 OfMHHMIBL Gepesd B ckiaii) € HaiiMenmoo. Lle# mokasHuK €
HaiiBumuM y CyMCBKiit 06yacTi.

Knmouosi cmosa: Oepesa nosucia (Betula pendula Roth), timu icopocaMHHMX YMOB, IIOXOIKEHHS, OOHITET,
CKJIaJI TIOPiI.
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Memkosa B. J'I.l, Kowensesa $. B.?

BO3PACTHAS CTPYKTYPA JIECHOI'O ®OHIA BEPE30OBBIX HACAXIEHUI JIEBOBEPEXHOM
JIECOCTEIIN YKPANHBI

YWkpaunckuii - nayuno-uccredosamenvekuii - uHcmumym — 1€cHo20  XO3Alicmea U AeponecoMenuopayull
um. I'. H. Boicoyrozo

ZXapbKOGCKmZ Hayuonanvnvui acpapnuviii ynusepcumem um. B.B. [lokyuaesa

Lenbro mccienoBaHuii OBUIO BBISBJIEHHE OCOOCHHOCTEH BO3PACTHOW CTPYKTYpPhI HAaCaKAEHHH Oepe3bl MOBHCIOM
JleBoOepexHOH JIECOCTENH ¢ YYETOM JIECOPACTUTEIBHBIX YCIIOBUH, TPOUCXOKACHHS, OOHUTETA M YUacTHs 3TOTO BHAA B
cOCTaBe HacakAeHHH. BeposTHOCcTh BbDKMBaHUS Oepe3bl MOBUCIOH IOYTH BO BCEX Kiaccax Bo3pacrta Obuia
HaMIMEHBIIeH B cBexeil cybopu. CpemHUil B3BEHmICHHBIN Kilacc Bo3pacTa Oepessl moBucioil — IV,8 B BereraTHBHBIX
HacakaeHusX U [V,6 B HCKycCTBEHHBIX ceMeHHBIX. CpeqHuid B3BEIICHHBIN Kilacc BO3pacTa 0epe30BhIX HACAKICHUNA B
BEIOOpKax Bcex mpoucxoxnaeHwit coctaBmn V,1 B Cymckoit obmactu u IV,6 B XappkoBckoidl u [lomraBckoi.
Hacaxnenns Hambomee cnaboro pocra SIBISAIOTCS HAaWMEHEE JOJITOBEYHBIMU. BEpOSTHOCTD BBDKMBAHMS UHCTHIX H
OYTH YHCTHIX (9 equHUI] Oepe3bl B COCTaBe) — HAMMEHbINAst. DTOT IOKa3aTeNb Hanbojee BEICOK B CyMckoit obmacTh.

KrnroueBsie cimoBa: Oepesa mosucias (Betula pendula Roth), Tumbl 1ecOpacTHTENBHBIX — YCIOBHIA,
MPOMCXOXKAEHHE, OOHUTET, COCTAB TIOPO/I.
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