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The incidence of ash dieback in the forest-steppe part of Sumy and Kharkiv Regions was analysed taking into
account the type of forest site conditions, the stand age, relative stocking density, site index class and the proportion
of European ash in the stand composition. Ash dieback is quite widespread in inspected stands of the Left-Bank
Forest-Steppe of Sumy and Kharkiv Regions. The disease spreads similarly in natural and artificial stands. It was
more often revealed in the fresh fertile forest site conditions, however, such forest site conditions are the most spread
and the most favourable for European ash. It was found that ash dieback incidence tends to grow with a stand aging
and lasts up to the stand’s age of 80. It can be explained by the development of stem and collar rots which occur
later. Ash dieback incidence is the highest in the stands with 40-70 % of ash in their composition, at a relative
density of stocking over 0.5 in the stands of different site index classes.
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Introduction. European ash (Fraxinus excelsior L.) is currently threatened across most of its
distributional range by ash dieback caused by Hymenoscyphus fraxineus (Baral et al. 2014). In
eastern Ukraine, the ash decline symptoms were observed for the first time in 2010 and the
H. fraxineus was detected in symptomatic shoots in 2012 (Davydenko et al. 2013). Later it was
reported for different regions of Ukraine (Matsiakh & Kramarets 2014, Davydenko & Meshkova
2017, Davydenko et al. 2019). The disease results in both a premature death of trees and stands, and
deterioration of wood quality (Metzler et al. 2012, Langer 2017). The disease is characterized by a
rapid gradual dieback of ash crowns during the growing season. The symptoms of the disease are
necrotic spots on the bark of shoots, discoloration of wood and leaves, necrosis of leaves, a
premature leaf fall, necrosis of the t(unk,_ death of shoots and water shoots (Fig. 1).
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Fig. 1 — Epicormic shoots of European ash
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The pathogen spreads during the summer with spores that occur on the infected leaves in the
litter in winter and are carried by the wind. These spores infect the leaves of healthy ash trees
during the next summer, leading to leaf wilting, necrosis of shoots and stem.

Our previous research has showed that European ash susceptibility to different pathogens as
well as the severity of tree damage increase with tree age (Meshkova et al. 2019). To predict the
threat of ash damage, it was necessary to determine how its incidence depends on other
characteristics of the stands.

The aim of this work was to reveal the features of ash dieback distribution in the different forest
site conditions, age, the relative density of stocking, site index, and ash proportion in the stand
composition in the Left-Bank Forest-Steppe of Ukraine.

Materials and Methods. Inspection of ash stands was carried out in 2016-2019 at 52
permanent sample plots and 125 temporary sample plots in the State Forest Enterprises located in
the Left-Bank Forest-Steppe, particularly in four forestries (Neskuchanske, Lytovske, Makivske and
Krasnianske forestries) of Trostyanets Forest Enterprise of Sumy Region (hereinafter referred to as
Sumy Region) and in two forest enterprises of Kharkiv Region: Chuguyevo-Babchanske Forest
Enterprise (Kochetokske Forestry) and Skrypayivske Training and Experimental Forest Enterprise
(Skrypayivske and Mokhnachanske forestries) (hereinafter referred to as Kharkiv Region).

Presence or absence of visual signs of ash dieback were registered, particularly necrotic spots
on the bark of shoots, discoloration of wood and foliage, necrosis of foliage and stems, dieback of
twigs and epicormic shoots. All inspected subcompartments with European ash (Fraxinus excelsior
L.) as the main forest-forming species and subcompartments with the ash dieback symptoms were
grouped by the types of forest site conditions, age, the relative density of stocking, site index and
proportion of European ash in the stand composition.

The distribution of ash stands with the ash dieback symptoms and without them was compared
using the chi-square test (Atramentova & Utevskaya 2008) in MS Excel.

Results and Discussion. The analysis revealed the ash dieback symptoms in 47.9% of
subcompartments of plantations and 52.1% in the natural stands in Sumy Region. All inspected ash
stands in Kharkiv Region had natural origin. Therefore, in the further analysis, we considered the
data sets regardless of the origin of a stand.

In Sumy Region, most of the inspected ash stands (98.1 %) and dieback symptomatic ash
stands are in the fresh fertile forest site conditions. Only 1.5% of subcompartments are in fresh
relatively fertile forest site conditions and 0.5% in wet fertile forest site conditions. Therefore, the
distribution of ash dieback by ash proportion in the stands composition, age, relative density of
stocking and site index class in Sumy Region was analysed in the fresh fertile forest site conditions.

In inspected ash stands in Kharkiv Region, the types of forest site conditions were presented
somewhat more widely, although fresh fertile forest site conditions also dominated (Fig. 2).
Statistical analysis has showed that the differences in the distribution of all stands and dieback
infected stands in Kharkiv region are significant (Xzfact_ =23.1; X20.05 = 9.49).

The distribution of ash stands by three age groups was analysed: up to 40 years old, 41-80
years old, and over 80. In the inspected stands in Sumy Region, the tendency of ash stands over 80
to predominate is clearly expressed (Fig. 3).

The proportion of subcompartments with the stands aged 41-80 years is 2.3 times larger than
the proportion of those under 40 years old, and the proportion of stands over 80 years old is 1.9
times larger than that of the stands aged 41-80 (see Fig. 3). Among the stands affected by ash
dieback, almost half (47.9%) was aged 41-80 and slightly more than a third (37.5%) were over 80
years old. At the same time, the proportion of subcompartments with ash dieback symptoms at the
age of 41-80 is significantly higher than the available stands of such age, and it is significantly
lower at the age of over 80. This may be due to the fact that the stands over 80 years old are often
affected by the stem and root rot (Davydenko et al. 2019). Statistical analysis has showed that the
differences in the distribution of all stands and dieback infected stands in Sumy Region by age are
significant (Xzfact, =8.4; X20_05 =15.99).
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Fig. 2 — Distribution of all stands with European ash and the stands with the ash dieback symptoms by forest site
conditions (Kharkiv Region)
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Fig. 3 — Distribution of all stands with European ash and the stands with the ash dieback symptoms by age
(Sumy Region)

Among the inspected ash stands in Kharkiv Region, more than half (54.2%) were aged 41-80
years old, a slightly smaller share (32.4%) were up to 40 years old, and only 13.4% — over 80
(Fig.4). The ash dieback symptoms were found among the largest number of stands aged 41-80
years (75.6%). The differences in the distribution of all stands and dieback infected stands in
Kharkiv Region by age are significant (x’ac. = 10.8; x%0.05 = 5.99).
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Fig. 4 — Distribution of all stands with European ash and the stands with the ash dieback symptoms by age
(Kharkiv Region)

In most of the inspected stands of Sumy Region (60.3%), the proportion of ash in the
composition did not exceed 30 %. The plots with 40-70 % of ash made 38.5%, while with over
80 % — about 1 % only (Fig. 5).

80 -

N oy

e

\\\g

Proportion, %
ol S LTS B~ R o R |
o © © O O © o O
|

T
-

40-70 =80
Proportion of ash in the stand composition, %
0 All subcompartments Ash dieback

=3

Fig. 5 — Distribution of all stands and the stands with the ash dieback symptoms by ash proportion in their
composition (Sumy Region)

Among the stands with 10-30 % of common ash in the composition, the proportion of plots
with symptoms of the disease was lower than the proportion of available plots with such
composition, and in the remaining plots — higher. Most often, the ash dieback symptoms were found
in the stands with 40-70 % of ash in the composition (54.2%) (see Fig. 5). The data obtained are
explained by the fact that the disease is characteristic of ash. The differences in the distribution by
agh proportion in all stands and dieback infected stands in Sumy Region are significant (y%act=19.8;
X 0.05 = 5.99).

In the inspected stands in Kharkiv Region, the proportion of ash in the stand composition
ranged from 10% to 70%, and the representation of stands with 10-30% and 40-70% of ash was
quite close — 44.8% and 55.2%, respectively (Fig. 6). The frequency of subcompartments with the
ash dieback symptoms in the stands with 40—70% of ash was almost three times higher than in the
stands with 10-30% of ash in their composition. The differences in the distribution by ash
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proportion in all stands and dieback infected stands in Kharkiv Region are significant (Xzfact_ =8.1;
2
X 0.05= 384)
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Fig. 6 — Distribution of all stands and the stands with the ash dieback symptoms by ash proportion in the
composition (Kharkiv Region)

Among the inspected stands of Sumy Region with common ash in their composition, the
proportion of stands with a low density of stocking (< 0.6) is only 11.5% (Fig. 7).
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Fig. 7 — Distribution of all ash stands and the stands with the ash dieback symptoms by relative stocking density
(Sumy Region)

The ash dieback symptoms were only found in the stands with a density of stocking of 0.7-0.9.
At a relative density of stocking of 0.7, the proportion of stands with ash dieback is significantly
higher than that of all stands, while these proportions at a higher relative density of stocking differ
insignificantly. The data obtained may be due to the fact that the relative density of stocking has
decreased due to the disease development in previous years. The differences in the distribution by
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the relative density of stocking of all stands and dieback infected stands in Sumy Region are not
significant (Xzfact =2.5; x20_05 =5.99).

Inspected stands in the Forest-Steppe part of Kharkiv Region were represented by the relative
density of stocking from 0.3 to 0.8 (Fig. 8).
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Fig. 8 — Distribution of all ash stands and the stands with the symptoms of ash dieback by relative stocking
density (Kharkiv region)

No ash dieback signs were found in the stands with a relative density of stocking of 0.3-0.4.
The proportion of subcompartments with ash dieback symptoms at a relative stocking density of 0.5
and 0.6 is significantly higher than that of all ash stands, and at a relative stocking density of 0.7
and 0.8 it is lower (see Fig. 9). The differences in the distribution by the relative density of stocking
o;‘ all stands and dieback infected stands in Kharkiv Region are significant (y’fact = 12.3;
X 0.05 = 9.49).

The absolute majority (95.8%) of the inspected ash stands in Sumy Region grow according to
the I and higher site index classes (Fig. 9).
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Fig. 9 — Distribution of all ash stands and ash stands with dieback by site index classes (Sumy Region)

Among the stands with the ash dieback symptoms, 81.3% of plots are characterized by I and
higher site index classes, i.e. the disease covers significantly fewer plots than those available with
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such site index. The proportion of ash stands of 1l site index class, on the contrary, is significantly
lower in the forest fund than among those affected by ash dieback. Indirectly, this may indicate that
less productive stands are more susceptible to the disease. The differences in the distribution of all
stands and dieback infected stands in Sumy Region are significant (yfact. = 50.2; %°0.05 = 5.99).

In comparison with the inspected stands in Sumy Region (see Fig. 9), in Kharkiv the stands of |
and higher site index classes make only 21.6%, the stands of Il site index class make 54.3%, and
even Ill and IV site index classes are presented (15.5 and 8.6% respectively) (Fig. 10).
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Fig. 10 — Distribution of all ash stands and ash stands with dieback by site index classes
(Kharkiv Region)

The ash necrosis symptoms were found on trees of all site index classes except 1V class. The
differences in the distribution of all stands and dieback infected stands in Kharkiv Region are
significant (Xzfact_ =10.5; x20_05 =7.81).

Conclusions.

1. Ash dieback is quite widespread in the inspected stands of the Left-Bank Forest-Steppe in
Sumy and Kharkiv Regions.

2. The spread of the disease occurs similarly in natural and artificial stands.

3. The disease was detected more often in the fresh fertile forest site conditions; however, such
forest site conditions are most spread and most favourable for European ash.

4. The ash dieback incidence tends to grow with a stand aging up to 80 years old which can be
explained by the development of stem and collar rots later.

5. Ash dieback incidence is the highest at 40-70% of ash in the stand composition, at a relative
density of stocking over 0.5 and in the stands of different site index classes.
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Memxkosa B. H.l’z, bopucosa B. 7.2

[IOIIUPEHICTh XAJIAPOBOI'O HEKPO3Y SICEHA B JIBOBEPEXHOMY JIICOCTEITY YKPATHU
3AJIEXXKHO BIJA XAPAKTEPUCTUK HACA/I?’KEHb

lYKpai'HCmeZ HJII nicogoeo ecocnodapcmea ma aeponicomeniopayii im. I. M. Bucoyvkoeo

ZXapkiecz;Kuﬁ Hayionanvnuii acpapnuii ynieepcumem im. B. B. [lokyuaesa

[IpoananmizoBaHO TOMIMPEHHS XaJapOBOTO HEKPO3y siceHa B JicocTenoBiii dacTuHi CyMchkoi Ta XapKiBCHKOL
oOmacreil i3 ypaxyBaHHSIM THUILY JIICOPOCIMHHHUX YMOB, BiKY, TOBHOTH, OOHITETY HACAJKCHb Ta YJacCTi SCE€Ha y CKJIAIi.
[MommmpeHicTh XBOPOOH € OJJHAKOBOIO y MPHPOTHUX 1 IITYYHAX HACAIKEHHIX. XBOPOOY YaCTIIlle BUSBISIOTh B yMOBax
CBDKOTO TpyHmy, ajie Taki YMOBU € HAHOLIBII MOIIMPEHNMH Ta CIHPHUATIMBAMH U SCEHa 3BHYaiHOTO. TeHACHIIiA
30UTBIIICHHS TIOMIMPEHHS XaJapOBOTO HEKPO3y 3 BIKOM HacaJpKeHb BHUABIAETHCS 10 80 POKIB, IO MOXKIHUBO MOSICHUTH
PO3BUTKOM Ti3HiIIe CTOBOYPOBHX 1 OKOPEHKOBHX THHWIICH. [lOMMpeHicTh XaaapoBOTO HEKPO3y € HaHOUIBIIOI B
HacakeHHsX 13 40—70 % siceHa y ckiaji, 32 BiTHOCHOI TOBHOTH MoHa 0,5 y HAacaKCHHAX Pi3HHUX KJIACiB OOHITETY.

KnwoduoBi cinoBa: JICOPOCIHMHHI yYMOBH, BIK HAacCa/DKCHHs, IOBHOTA, OOHITET, yd4acThb sCEHAa y CKIafi
HacaKEeHb.

Meukosa B. J1.22, Bopucosa B. J1.2

PACITIPOCTPAHEHHOCTh XAJIAPOBOI'O HEKPO3A SCEHS B JIEBOBEPEXXHOW JIECOCTEIIHA
YKPAUHBI B 3ABUCUMOCTH OT XAPAKTEPMCTHUK HACAXEHUIA

1YKpauHCKuﬁ HUU necnoeo xozaticmea u acponecomenuopayuu um. I. H. Bvicoykozo

ZXapbkoecxuﬁ Hayuonanvnvui acpapnviii ynusepcumem um. B. B. [{oxyuaesa

[Tpoananu3upoBaHa BCTPEUAEMOCTh XaJIapoBOTO HEKpo3a sceHs B JiecocTenmHol dacth CyMckoil m XapbKOBCKOM
o0JacTy ¢ y4eToM THIIa JIECOPACTHTENBHBIX YCIOBHUIi, BO3pacTa, IOJHOTHI, OOHUTETAa HACAKACHUN M y4acTHs SICEHS B
cocraBe. PacipocTpanenue 3a00neBaHUs OJJTHAKOBO B €CTECTBEHHBIX M MCKYCCTBEHHBIX HACAXICHHUAX. bone3Hs varie
oOHapyXuBanach B YCJIOBHSIX CBEXETOo TIpyJAa, OJHAKO TaKHe YCIOBUS Hambolee pachpocTpaHeHBl M Haumboiee
OJarompHUATHEL I ACEHS OOBIKHOBEHHOTO. TeHIEHIMS K YBETWYEHHUIO PACIpPOCTPAHEHHS XalapoBOTO HEKpo3a C
BO3pPAcCTOM HaCaXJeHUU MposiBisiercs 10 80 JeT, 4ToO MOXKET ObITh OOBSCHEHO Pa3BUTHEM TIO3KE CTBOJIOBBIX H
KOMJICBBIX THHJIEH. PacmpocTpaHeHre XaaapoBOro HEKpo3a Haubojiee BBHICOKO B HacaxaeHusix ¢ 40—70 % siceHs B
cocTaBe, MPYU OTHOCHUTENbHOM NoHOTE Oosee 0,5 B HACAXKICHUSX Pa3JIMUHbIX KI1acCOB OOHUTETA.

KnioueBble cloBa: JIECOPACTUTENbHBIC YCIOBHS, BO3PACT HACAKIACHUS, TOJHOTA, OOHUTET, yUacTHE SICEHS B
COCTaBE HACAK/ICHHH.
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