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European (common) ash (Fraxinus excelsior L.) health condition and occurrence of certain damage types were
estimated in permanent sampling plots in Kharkiv region. The following eight types of damage were revealed in
inspected ash stands: frost cracks, mechanical damage of stems, epicormic shoots, branch dieback, symptoms of the
bacterial disease and butt rot, signs of wood destroying fungi and insect feeding. Branch dieback and butt rot
dominated with occurrence of 52 and 39 % respectively. In the stands of vegetative origin in fresh fertile forest site
conditions, stand age correlation with forest health condition, with an occurrence of bacterial disease, branch
dieback, and insect damage was significant. Percentage of trees with butt rots, branch dieback, and epicormic shoots
was significantly higher in humid fertile forest site conditions than in fresh fertile forest site conditions. In young
stands (2030 years old) significantly higher occurrence of the bacterial disease of ash, epicormic shoots, butt rot and
mechanical damage of stems was registered more often in humid relatively fertile forest site conditions than in fresh
relatively fertile forest site conditions.
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Introduction. European (common) ash (Fraxinus excelsior L.) is one of the main forest-
forming species in broadleaved forests of the Left-bank Forest Steppe of Ukraine (Borysova 2016,
Davydenko & Meshkova 2014, 2017). The health condition of ash species recently has attracted
increased attention, because of its large-scale decline in many European countries, mainly as a
result of ash dieback disease caused by invasive fungus Hymenoscyphus fraxineus (Metzler et al.
2012, Nguyen et al. 2016, Cleary et al. 2017). This disease is proved to spread in the region of our
research, but the occurrence is relatively low or is poorly diagnosed (Davydenko et al. 2013,
Davydenko & Meshkova 2017). Apart from this disease, wood decay fungi (Matsiakh & Kramarets
2014), foliage browsing (Meshkova et al. 2017) and xylophagous insects (Davydenko & Meshkova
2017), as well as bacterial cancer (Goychuk & Kulbanska 2014) play an appreciable role in ash
decline. However, the spread of different causes of ash decline in the same stands was not studied
before in the Left-bank forest-steppe.

The aim of the research was to estimate European ash health condition and occurrence of
certain damage types in permanent sampling plots in Kharkiv region

Materials and methods. Investigations were carried out in 2016-2017 on 22 permanent
sampling plots in forest stands with European ash participation of Skrypayivske Training &
Experimental Forest Enterprise and Chuguyevo-Babchanske Forestry Enterprise (Kharkiv region).

The survey covered 2,112 trees of European ash of 18-110 years old in the stands with 0.3-0.8
density of stocking and 2—6 units of ash in forest composition. Type of forest site conditions was
estimated according to Ukrainian typology (Ostapenko & Vorobjov 2014). Fresh and humid
relatively fertile forest site conditions (C, and C; respectively), as well as dry, fresh and humid
fertile forest site conditions (D1, D,, and D3 respectively) have been inspected.

Defoliation of ash was evaluated visually with an accuracy of 5 % at the end of June (after
insects-defoliators completing feeding in this tree species).

Category of health condition was evaluated on a range of visual characteristics (crown density
and color, the presence and proportion of dead branches in the crown etc.) according to “Sanitary
Forests Regulations in Ukraine” (Sanitarni pravyla 1995). Each tree was referred to one of six
categories of health condition (1% — healthy; 2" — weakened; 3" — severely weakened; 4™ — drying;
5™ _ recently died; 6™ — died over a year ago). Index of health condition (l) for a forest stand was
calculated as mean weighted from trees number of each category of health condition.
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Each tree was inspected and all visible symptoms and signs of damage were registered. Insects
and fungi in the sampling plots were identified by symptoms (defoliation, discoloration, and
necrosis) and signs (insect galleries, fungal fruiting bodies, spores etc.).

The occurrence of each type of damage was evaluated as the part of trees with respective
symptoms or signs.

Weather parameters were taken from Zmiyiv meteorological station in Kharkiv region (49°41’
N, 36°21'E).

The statistical analyses included calculation the mean and standard error of estimated
parameters, as well as correlation between tree age and occurrence of different damage types (MS
Excel).

Results and discussion. In the region of our research, the weather conditions in 2017 were
characterized with higher air temperature for the year and for vegetation period (9.7 and 18.2 °C
respectively), which is 1.6 °C and 1.5 °C higher than by long-term data (8.1°C and 16.7 °C).
Precipitation for the year and vegetation period (410.1 and 163.9 mm) in 2017 was 106.9 mm and
130.1 mm less than by long-term data (517 mm and 294 mm respectively) (Fig. 1). Such weather
conditions were unfavorable both for forest growth and for fungi development.
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Fig. 1 — Air temperature (T, °C) and precipitation (mm) in 2017 and for long-term data
(meteorological station Zmiyiv)

In 2017 the trees of the 6™ category of health condition were absent in our permanent plots
because we did not include them in the enumeration when laying permanent sampling plots in 2016
(Meshkova & Borysova 2017). Recently died trees (of the 5™ category of health condition) were
found in 12 sampling plots. There were 6 plots with one dead tree, 5 plots with two dead trees and 1
plot with one dead tree.

The worst health condition characterized by I =4 in 2016 and I = 3.2 in 2017, and the best
health condition characterized by I = 2.2 in 2016 and I, = 2.1 in 2017 (Fig. 2). Mean index of
health condition (I¢) of inspected ash stands in 2017 was 2.4, which is lower than in 2016 (2.8).
That is ash stands still remain weakened.

The following eight types of damage were revealed in inspected ash stands: frost cracks,
mechanical damage of stems, epicormic shoots, branch dieback, symptoms of bacterial disease
(“bark roses) and butt rot, signs of wood decay fungi (fruit bodies) and insect feeding (holes in the
leaf lamina) (Fig. 3).

Frost cracks are usually caused by different compression rates of inner and outer stem layers
under influence of very low temperature (Tubeuf 1936).

Mechanical damage may be caused by a fallen neighboring tree or branch, by wild animals,
forest management operations or human vandalism. Mechanical damage of stems (4 % of inspected
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trees) was sometimes caused by wild animals in the plots located in the flood-plain part of the

forest.

Epicormic shoots are known as one of the symptoms of ash dieback but can develop in other
cases too. Epicormic shoots can develop within the live crown or on the clear bole from epicormic
buds, which are normally dormant. Epicormic shoots occurred on average in 26 % of inspected

trees and maximal in 60 % of trees (see Fig. 3).

4 -
w2016 2017

5

3

22 A

1_

0 - H
- v v 7T v 7°v v W W W W W w wWw YW W W W W W T
- 7Y v v v = %92 v 9w v v %w w w <w v w w W W T
W kb 0D = = e e = e e e = = ) N

o = MW b -1 o O = D
Permanent sample plots

Fig. 2 — Index of health condition of ash trees in the permanent sampling plots in 2016 and 2017

Branch dieback is also one of the symptoms of ash dieback but can develop in other cases too.
Long-term preservation of dry branches in crowns is characteristic of many hardwood species,
particularly oak, birch, and ash. Branch dieback was registered the most often (mean 52 % and
maximal 100 % of trees in the plot) (see Fig. 3).
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Fig. 3 — Mean and maximal occurrence of different symptoms and signs of European ash damage
in the permanent sampling plots

The bacterial disease of ash (tuberculosis) was recognized by flat, furrowed swellings on the
stem surface (so cold “bark roses”). The disease is caused by Pseudomonas syringae pv. savastanoi
(Smith) Gardan, Bollet, Abu Ghorrah, Grimont and Grimont (Tubeuf 1936, Janse 1982). Symptoms
of the bacterial disease of ash were observed on average in 9 % of inspected trees and maximal in
52 % of trees in the sampling plots.

Symptoms of butt and stem rots often are not visible until fruiting bodies appear. Rhizomorphs
of Armillaria sp. were found under the bark of some trees but fruit bodies were not formed in 2017
because of very dry weather. The butt rot was in the second place by occurrence (mean 39 % and
maximal 96 % of trees in the plot) after branch dieback.
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Fruit bodies of wood decay fungi were found relatively seldom (only 2 % of trees, maximal
14 %), which can be connected with the very dry weather. The most spread species were Fomes
fomentarius (L.) Fr., Ganoderma lipsiense (Batsch) G.F. Atk., Laetiporus sulphureus (Bull.)
Murrill, Oxyporus populinus (Schumach.) Donk, Phellinus nigricans (Fr.) P. Karst. and
Schizophyllum commune Fr. Analysis of their occurrence will be presented in a separate paper.

Insect damage was rather rare (mean 20 % and maximal 83 % of trees in the plot). There were
mainly species from Lepidoptera, Hymenoptera, and Coleoptera which did not cause severe
defoliation. Stem insects were not registered because any tree was cut or dissected.

Ash weevil (slimy ash weevil) Stereonychus (Cionus) fraxini (DeGeer, 1775) (Curculionidae)
was the most spread defoliator in 2017. It is considered one of the most harmful defoliating insects
on ash species in Southeast Europe (Blaga 2010, Dreki¢ et al. 2014) but is poorly known in
Ukraine. In our research in 2017 mean defoliation of ash in all inspected plots was 12.1 % with
maximum 33.6 % per plot.

Correlation between stand age and occurrence of different types of tree damage was reliable but not
high. In the total sample of plots the highest correlation with age was evaluated for bacterial disease of
ash (tuberculosis) (r = 0.30; ro s = 0.29) and frost damage (r = 0.32; ro 5= 0.29) (Figs. 4, 5).
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Fig. 4 — Correlation between forest age and occurrence  Fig. 5 — Correlation between forest age and occurrence
of bacterial disease of ash (total sample of plots) of frost cracks (total sample of plots)

Correlation with age was stronger for the group of plots with stands of vegetative origin in
fresh fertile forest site conditions (Figs. 6-9).
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Fig. 6 — Correlation between forest age and index of Fig. 7 — Correlation between forest age and occurrence
forest health condition for stands (l;) of vegetative of bacterial disease of ash for stands of vegetative
origin in fresh fertile forest site conditions (D) origin in fresh fertile forest site conditions (D)

182



JICIBHUIITBO I ATPOJIICOMEJIIOPAIIA — FORESTRY AND FOREST MELIORATION

2017. Bun. 131 — 2017. Iss 131

In such stands correlation index r of stand age with forest health condition index is 0.65, with
the occurrence of bacterial disease is 0.70, with the occurrence of branch dieback is 0.64, and with
the occurrence of insect damage is 0.65 (rp s = 0.63).
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Fig. 8 — Correlation between forest age and occurrence  Fig. 9 — Correlation between forest age and occurrence
of branch dieback for stands of vegetative origin in of insect damage for stands of vegetative origin in fresh
fresh fertile forest site conditions (D,) fertile forest site conditions (D,)

The stands of vegetative origin characterized by worse health condition than stands of seed
origin (l¢ is 2.2 for seed and 2.7 for vegetative stands), higher defoliation (9.5 and 12.2 %
respectively), a large proportion of trees with epicormic shoots (11.5 % and 27.4 %), and insect
damage (9 and 20.4 %). The proportion of trees with butt rot, frost damage and mechanical damage
differ to a lesser extent (Table 1). At the same time, the differences between all pairs of parameters
are not significant.

Table 1
Health condition of trees and occurrence of certain symptoms and signs of damage in ash stands
of vegetative and seed origin
. Origin of stands

Parameters of health condition and damage types Seed Vegetative tact
Index of health condition 2.2+0.07 2.7+0.04 1.2
Defoliation, % 9.5+ 2.76 12.2 £ 0.89 0.4
Crown discoloration, % 2.8+0.77 4.1+0.39 1.1
Trees with epicormic shoots, % 11.5+6.47 27.4+2.26 1.8
Trees with branch dieback, % 50.9 + 3.13 59.7 + 13.66 0.8
Trees with bacterial disease of ash, % 9.2+1.79 8.1+4.10 0.4
Trees with frost cracks, % 1.0+0.81 2.4+0.55 0.6
Trees with butt rot, % 33.8+17.34 38.8+2.42 0.5
Trees with mechanical damage, % 3.0+1.63 3.7+0.82 0.4
Trees with insect damage, % 9.0+6.0 20.4+£2.95 0.6
Recently died trees (the 5 category of health condition, %) 2.0+0.79 0.8 +0.25 1.2
Trees with fruit bodies of wood decay fungi, % 3.8+2.24 1.9+0.53 14

Note. ty 5= 2.01.

Fresh fertile forest site conditions (D, and D3) are the most spread types of forest site
conditions in the region (Borysova 2016). Occurrences of different types of ash damage were
compared in fresh and humid fertile forest site conditions (Table 2).

Percentage of trees with symptoms of the bacterial disease, butt rots, branch dieback and
epicormic shoots as well as with insect damage was higher in humid fertile forest site conditions
(D3). However, the differences between the most parameters are insignificant, except the percentage
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of trees with butt rot and branch dieback. Both types of damage may be caused by fungi, which
prefer more humid conditions than occurred in 2017.
Table 2
Health condition of trees and occurrence (% of trees) of certain symptoms and signs of damage
in fresh and humid fertile forest site conditions

- Type of forest site conditions

Parameters of health condition and damage types Fresh fertile D, Humid fertile Dy tract
Index of health condition 2.1+0.04 2.1+0.02 0.5
Defoliation, % 10.8 +1.89 10.8 +0.86 0.4
Crown discoloration, % 3.3+0.69 3.8+0.64 0.5
Trees with epicormic shoots, % 17.1+£4.97 29.0+3.75 1.1
Trees with branch dieback, % 35.4 + 4.66 58.5 + 6.46 2.4*
Trees with bacterial disease of ash, % 6.7+2.19 6.0+ 1.57 0.2
Trees with frost cracks, % 1.8+ 0.66 3.0+£1.12 11
Trees with butt rot, % 23.7+7.94 50.0+ 4.6 2.4*
Trees with mechanical damage, % 3.6+1.42 3.8+142 15
Trees with insect damage, % 6.3+3.25 17.1+£6.27 1.8
Recently died trees (the 5 category of health condition, %) 1.1+0.83 0 —
Trees with fruit bodies of wood decay fungi, % 21+1.28 2.1+0.87 0.2

*t0A05 =2.01

A comparison of health condition parameters for young stands (20-30 years old), growing in
fresh and humid relative fertile forest site conditions, shown the higher occurrence of the bacterial
disease of ash, epicormic shoots, butt rot and mechanical damage of stems in humid relatively
fertile forest site conditions (Table 3).

Table 3
Health condition of trees and occurrence (% of trees) of certain symptoms and signs of damage
in young stands of vegetative origin in fresh and humid relatively fertile forest site conditions
Type of relatively fertile
Parameters of health condition and damage types forest site conditions teact
Fresh - C, Humid — Cg*

Index of health condition 2.3+0.03 2.2+0.03 0.4
Defoliation, % 10.2+1.35 8.4 +0.52 1.4
Trees with epicormic shoots, % 7.0+2.13 60.0 +5.12 9.6*
Trees with branch dieback, % 46.5+4.21 56.0 £ 6.15 1.3
Trees with bacterial disease of ash, % 0 8.0+1.35 —
Trees with butt rot, % 16.3+7.32 44,0+ 4.32 3.3*
Trees with mechanical damage, % 14.7 £ 1.36 20.0+1.26 2.9*
Trees with insect damage, % 2.3+0.78 7.1+5.84 1.8
Recently died trees (the 5" category of health condition, %) 2.3+0.65 0 —

*to_os =21

It is interesting that means of defoliation are almost the same in fresh and humid fertile forest
site conditions (see Table 2) and fresh and humid relatively fertile forest site conditions (see
Table 3). At the same time, the occurrence of trees with insect damage is about 3 times higher in
humid conditions. This issue must be investigated separately the next season.

Conclusions. The following eight types of ash damage were revealed in inspected ash stands:
frost cracks, mechanical damage of stems, epicormic shoots, branch dieback, symptoms of the
bacterial disease and butt rot, signs of wood destroying fungi and insect feeding. Branch dieback
and butt rot dominated with occurrence 52 and 39 % respectively.

In the stands of vegetative origin in fresh fertile forest site conditions stand age correlation
with forest health condition, with the occurrence of bacterial disease, branch dieback, and insect
damage was significant.
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The percentage of trees with butt rots, branch dieback, and epicormic shoots was significantly
higher in humid fertile forest site conditions than in fresh fertile forest site conditions.

In young stands (20-30 years old) the higher occurrence of the bacterial disease of ash,
epicormic shoots, butt rot and mechanical damage of stems was registered more often in humid
relative fertile forest site conditions than in fresh relative fertile forest site conditions.
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[IPUUYMHUA TIOIIKOIXXEHHS SCEHA 3BUYAMHOIO HA IIOCTIMHUX IIPOBHUX IUIOIIAX VY
XAPKIBCBKIN OBJIACTI

1. Vkpaincokuii  naykoeo-Oocnionuu — iHcmumym — 1icogoeo  2ocnodapcmed  ma  azponicomeniopayii
im. I M. Bucoyvrozo

2. Xapxiscokuil HayionanbHuli acpapHuil yHisepcumem im. B. B. [oxkyuaesa

OuiHfoBaIM CcaHiTapHU# cTaH siceHa 3BuyaiiHoro (Fraxinus excelsior L.) Ta mommpeHHsS OKpeMHX THIIB HOTO
MTOIITKOKEHHS Ha MOCTIHHUX MPOOHUX IDIOMAxX y XapKiBChKiil o0macTi. B 00CTexeHHX HACAKEHHSIX BUSIBICHO BiCiM
TUIIB TIOIIKO/DKEHHS: MOpPO3000THM, MEXaHi4YHi ITOIIKO/PKEHHS CTOBOYpIB, BOJSHI IAaroHW, BIIMHPaHHS TiJIOK,
CHUMIITOMH 0aKTepio3y Ta OKOPEHKOBOI T'HMIII, O3HAKH JIEPEBOPYHHIBHHX IpuOIB Ta XHUBJCHHS KoMmax. BimgMmupanus
T'JIOK 1 OKOPEHKOBI THUJII JIOMIHYBaJIH 13 C€peHBOIO0 TommupenicTio 52 139 % BianoBiaHo.

VY Haca/KEHHSIX BEreTaTUBHOTO MOXOJDKEHHS Y CBIXKIN J1OpOBI BUSIBICHO JOCTOBIPHO KOPENSIIiI0 BIKY Haca )KeHb
i3 MOUIMPEHHSM O0aKTepio3y, BIIMHPaHHSIM TIUIOK i MOLIKO/KEHHSIM KoMaxamMH. YacTKM AepeB i3 OKOpPEHKOBUMHU
THWJISIMH, BIIMHUPAHHSIM T'UJIOK 1 BOASSHUMH NaroHaMH OYyJIM JIOCTOBIPHO OUTBIIMMHM Y BOJIOTiH MiOpOBI, HIX y CBXKIH. Y
MomnoHsKax (BikoMm 20-30 pokiB) 3apeecTpoBaHO JOCTOBIPHO OiNbIe MOMMpPEHHs 0akTepiosy siceHa (TyOepKymnbo3y),
BOJISIHUX TIATOHIB, OKOPEHKOBUX THIJICH 1 MEXaHIYHHX MMOIIKO/KCHD y BOJIOTUX CYTPyIaX, HiK y CBUKHX CYyTrpyAax.

KniodgoBi cnmoBa: caHITapHHI CTaH, THITH NOMIKOPKEHHS, JIICOPOCIMHHI YMOBH, BiK HAaCa)KEHB, TIOXOXKEHHS
HaCaIKCHb.

Memkosa B. JI.%, Bopucosa B. 1.2

MMPUYNWHBI TIOBPEXJIEHMA SCEHA OBBIKHOBEHHOI'O HA TTOCTOSHHBIX IMTPOBHBIX TTJIOIIAJISAX
B XAPBKOBCKO! OBJIACTU

1. Vkpaunckuii  nayuno-uccredogamenvckuii  UHCMUMYmM JeCHO20 XO3AUCMA U A2PONECOMENUOPAYUU  UM.
I". H. Bvicoyxozo

2. Xapvrkosckutll HAYUOHANbHBLI azpapHblil yhusepcumem um. B. B. /Jokyuaesa

OlleHMBaIM CAHUTAPHOE COCTOSIHUE siceHst 00bIkHOBeHHOTO (Fraxinus excelsior L.) u pactpocTpaHeH#e OTAENbHBIX
TUTIOB €T0 TOBPEXICHUs HA IIOCTOSHHBIX NPOOHBIX IUIOMAIsIX B XapbKoBcKoi obOmactu. B oOciemoBaHHBIX
HaCKACHUAX OOHAPY)KEHO BOCEMBb THIIOB MOBPEKICHHUN: MOPO300OMHBI, MEXaHHUSCKHE ITOBPEKICHHS CTBOJIOB,
BOJSHBIC MMOOETH, OTMHUpPAaHUE BETBEW, CHMIITOMBEI OaKkTeprno3a M KOMJICBOH THWII, MPU3HAKHA JEpEBOPa3PYIIAOMINX
rpubOB W THTaHHUA HAceKOMBIX. OTMHpaHWe BeTBEH © KOMICBBIE THWIM JIOMHHHPOBAM CO CpEIHEH
pacnpocTpaHeHHOCTBIO 52 1 39 % COOTBETCTBEHHO.

B HacaxieHHAX BEreTaTHBHOIO IPOMCXOXKICHUS B CBeXeill ayOpaBe oOHapyeHa JOCTOBEpHAs KOPPEISLUs
BO3pacTa HACaXJICHUI C pacmpoCTpaHEeHUEM OaKTepro3a, OTMHpAHHS BETBEH U MOBPEKICHHIA HAaceKOMBIMHU. Jloiis
JIEPEBbEB C HAJTMYHUEM KOMIICBBIX T'HUJICH, OTMHpAHHsS BETBEH M BOISHBIX MOOCTOB ObLIa JTOCTOBEPHO OOJNBIICH BO
BJIQOXHOU nyOpaBe, yeM B cBexeil. B Momomaskax (Bozpactom 20—30 5ieT) 3aperucTpupoOBaHO TOCTOBEPHO OoJibIlee
pacnpocTpaHeHue OakTepuosa siceHs (TyOepkyinesa), BOJSHBIX TIMOOETOB, KOMJIEBBIX THWJIEH M MEXaHMYECKUX
MIOBPEKCHHUI CTBOJIOB BO BJIQYKHBIX CYTPY/AKaX, YeM B CBEIKHUX CYyTpYJIKax.

KniwodgeBble cCcnoOBa: CaHATAPHOE COCTOSHUE, THUIBI IOBPEXICHHUHA, JIECOPACTUTEIBHBIC YCIOBHS,
MIPOUCXOXKACHUE HACAKICHUH.
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