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HEALTH CONDITION AND ASH DIEBACK SYMPTOMS
DEVELOPMENT IN FRAXINUS EXCELSIOR INOCULATED WITH
HY MENOSCYPHUS FRAXINEUS

Davydenko K.V., Meshkova V. L. Health condition and ash dieback symptoms development in
Fraxinus excelsior inoculated with Hymenoscyphus fraxineus. The specificities of ash dieback
development on ash seedlings and 20-years-old ash trees after inoculation with H. fraxineus have been
evaluated. During four years after inoculation ash seedlings and 20-years old trees demonstrated the
worsening of the health condition. This process was more active in the year with higher precipitation of
vegetation period. The length of necrotic lesions on infected 20-year-old trees increased more intensively
than on seedlings. However, no 20-year-old tree died during four years of experiment, while seedlings
mortality exceeded 80 % in the 3™ year after inoculation. Re-isolation of Hymenoscyphus fraxineus from
bordering necrotic/visually healthy tissue from inoculated plants confirms responsibility for ash dieback
in the experiment........... .15 Ref.
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dieback, lesion length.

Haeuoenko K. B., Mauxoea B. JI. Canimapuuit cman i po36umox cuMRMOMI6 Xanapo6ozo HeKpo3y
sacenie Fraxinus excelsior, inoxkyavosanux Hymenoscyphus fraxineus. Buguanu ocobausocmi po36umxy
xXanapoeo2o Hexposy cianyie i 20-piunux Oepee sicena nicis moxyusyii H. fraxineus. Ynpooosoic
YOMUPLOX POKi6 nicis THOKYAYIl yum spubom cman cisnyie i 20-piunux depes nocipurysagcs. Llei
npoyec 6i00y8agcs HmMeHCUsHiwe y pix i3 ObWol0 KIbKICHIo 0naoig yNpooosic 6e2emayitinozo
nepiody. Jlogocuna HexkpomuuHux nasm y 3a0010Hi H@ikoeanux 20-piunux Oepes 3pocmana
inmencugHiuLe, HidC y 30001011 cisinyie. Boonouac scoone 20-piune depe6o He 3a2uny10 3 YOMUpU poxu
excnepumenmy, mooi ax 8ionao cianyie nepeseputus 80 % y mpemii pix nicia inokyaayii. [loemophe
sudinenns H. fraxineus i3 Hekpo3ig y 3a0010HI THOKYIbOBAHUX POCIUH NIOMBEPOUTIO POTb Yb020 2puda y
P O3BUMKY XANAPOBO2O HEKPO3Y Y OOCHIOL. .. ... ... ... .15 naze.
KarouoBi ciioBa: siceH 3BHYaiHMIA (Fraxmus excelsuor L ) Hymenoscyphus fraxmeus CaHlTapHI/]I/I CTaH,
XaJlapoBUW HEKPO3, TOBKMHA HEKPOTUIHUX TUISIM.

Maeuoenko K. B., Mewkosa B. I Canumapnoe cocmoanue u pazeumue CUMRHOMO8 XA1AP06020
Hekposa sceneiu Fraxinus excelsior, unoxynuposanneix Hymenoscyphus fraxineus. Mzyuaau
0COOEHHOCMU PA3BUMUS XATAP 08020 HeKpo3a cesHyes u 20-1emHux 0epesbes sceHs nocie UHOKYIAYUU
H. fraxineus. B meuenue uemvlpex nem nocie uHOKYIAyuU 3mum spubom cocmosHue cesnyes u 20-
JIeMHUX 0epedvbes YXyoulanocs. Dmom Npoyecc npoucxooun Oonee UHMEHCUGHO 8 200 C OOnbUUM
KOJIUYeCMBOM OCAOKO8 8 MeyeHUe 8e2eMAYUOHHO20 Nepuood. JIuHa HeKpOomuYeCKUx nsamen 6 3a0010Hu
uHpuyuposanvix 20-1emHux oepeavbes Hapacmaia UHMeHCUsHel, Yem 8 3a0010nu cesnyes. OOHAKoO HU
00HO 20-emnee 0epeso He No2ubNo 3a Yemvipe 2004 IKCNEPUMEHMA, 8 MO 6PeMsi KAK OMNA0 CesHYes
npeevicun 80 % na mpemuii 200 nociae unoxyusyuu. Iloemopnoe evidenenus H. fraxineus us Hekpo306 6
3a00N0HU UHOKYIUPOBAHHBIX PACMEHU NOOMBEPOUIO pPONb dMO20 2puba 6 passumull Xaiapoeozo
HEeKpO3a 6 ONbIMe..... ... ... ... ...15 naszs.

KiueBble ¢JI0Ba: SCEHB 06LIKHOB€HHBII/I (Fraxmus exceI5|or L) Hymenoscyphus fraxmeus
CaHUTAPHOE COCTOSIHHE, XaJIapPOBBIM HEKPO3, IUTMHA HEKPOTHIECKHX IITEH.

Introduction. Health condition of ash stands in Ukraine has become worse since 2006 [1,
6]. One of the main causes of European ash (Fraxinus excelsior) dieback was alien invasive
fungus Hymenoscyphus fraxineus, which was firstly found in Ukraine in 2011 [7]. Perhaps the
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first symptoms of disease appeared more earlier in western Ukraine which borders Poland where
the disease was reported in the 1990s and spread fast across Europe [9, 14].

Disease-causing agent of ash dieback was described by T. Kowalski in 2006 as a new
fungal species, Chalara fraxinea based on conidia and conidiophore morphology of the
vegetative stage, since no sexual stage of the fungus was known at the time [12]. In 2010
detailed molecular investigations showed, that ash dieback pathogen is a species entirely new to
Europe and is identical to previously described Japanese Lambertella albida [15]. Since 2014, in
accordance with rules of fungi nomenclature, this fungus name is Hymenoscyphus fraxineus
(T. Kowalski) Baral, Queloz, Hosoya [4].

Symptoms of the ash dieback include wilting as a result of dying branches and shoots and
discoloration of different parts of the tree: brown spots on buds, leaves and petioles; dead shoots;
and brown lesions on branches and stems, epicormic shoots [11].

H. fraxineus reproduces sexually on overwintered petioles from the previous years in the
leaf litter [3, 5, 9]. Germ tube formation and development of appressorium facilitate the progress
of spores penetration to leaf cuticle [5]. Necroses extend proximally along leaf veins to rachises
and shoots and result in typical ash dieback symptoms as wilting of shoots and bark cankers [3],
root collar necrosis and stem lesions [5, 14]. The presence of necrotic lesions on the stemor root
collar may worsen of ash tree condition and promote to attack by Armillaria species [13].

Ash dieback in Kharkiv region revealed crown dieback, presence of pseudosclerotia on ash
petioles, and abundant apothecia production. H. fraxineus was frequently and consistently
isolated inall of the symptom categories [1, 6, 8].

To evaluate potential risks for Ukrainian ash stands and natural regeneration pathogenicity
tests on material of F. excelsior had to be carried out.

The aim of study was to investigate the specificities of ash dieback development on ash
seedlings and 20-years-old ash trees after inoculation with Hymenoscyphus fraxineus.

Materials and methods. H. fraxineus was isolated on MEA (3 % malt extract agar) from
necrotic lesions on symptomatic bark and leaves of European ash collected in forest stands of
Kharkiv region. To confirm H. fraxineus presence fungal cultures were used for DNA extraction
using PCR-based techniques and species — specific primers [10].

Inoculation experiments on ash seedlings and trees were carried out in the forest stands of
the State Forest Enterprise "Zhovtneve Forest Economy" in Kharkiv region.

In May 2014 and May 2015, ash 5-years-old seedlings and 20-years-old trees were
inoculated with H. fraxineus (30 seedlings and 12 ash trees every year).

Inoculations were done by cutting out a piece (ca. 510 mm in size) of the bark on the
stem ca. 80—100 cm for seedling and 120 cm for young tree above the root collar with a sterile
scalpel, placing fungal inoculum on the exposed sapwood and covering it up with the bark and
wrapping in Parafilm [11]. As a control, 10 seedlings and 10 trees of the same age were
inoculated with sterile 3 % MEA.

Inoculated ashes were inspected in 2014-2017. Category of health condition, ash dieback
score, mortality of seedlings or trees and the length of necrotic lesions were evaluated
simultaneously in all variants in May and in September.

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 rules in the forests of Ukraine" [2]. 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 year ago). Index of health condition for forest stand was
calculated as mean weighted from trees number of each category of health condition.

Ash dieback score was assessed according to scale of possible symptoms for ash dieback
[6, 8], where 0 — no ash dieback symptoms (ADB), 1 — minor and indirect symptoms (uneven
foliage expansion, necrotic lesions in healthy shoots and dead branches in 10 % of crown size;
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2 — dead shoots and branches with necrotic lesions formation in 10-50 % of crown size; 3 —
death of 50 % of crown size, wood discoloration, necrotic lesions, dead leaves, shoots, branches,
4 — total crown damage, necrotic lesions on green shoots, branches, stem and buitt.

The length of the necrotic lesions on the sapwood was measured to estimate the area
colonised by fungus.

To confirm H. fraxineus presence in necrotic lesions, two pieces of wood tissue ca. 1 cm
length from each side of boundary necrotic/visually healthy zone were removed and plated on
MEA to re-isolate the inoculated fungi.

Data on precipitation for 2014-2015 were taken from meteorological station Kharkiv
(49°90' N; 36°30' E).

The statistical analysis included one-way analysis of variance (ANOVA) (StatSoft
Software, Ver. 7).

Results and discussion. Health condition of ash seedlings inoculated with H. fraxineus
worsened during the years of experiment (Fig. 1). For the seedlings inoculated in 2014 health
condition score got worse changing from 1 to 2.7 points in the 1st year, the next spring has
reached 3.8 points and then the process slowed down. However, in the 4th year the most of
inoculated seedlings were dead, and health condition score has reached 4.7 points in September.
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Fig. 1. Dynamics of health condition score for ash seedlings after inoculation with H. fraxineus

For the seedlings inoculated in 2015 health condition score did not change significantly in
the 1st year, which can be explained by some differences in weather conditions. For example,
precipitation for the most months of vegetation in 2014 was considerably higher, than in 2015
(Fig. 2). However health condition score has reached 3.1 and 4.9 points in May of the 2nd and
3rd year after inoculation (see Fig. 1). Health condition of control seedlings did not worsen
during our research and health condition score did not exceed 1.2 points.
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Fig. 2. Precipitation in the years of ash seedlings inoculation with H. fraxineus

Ash dieback symptoms developed almost at the same rate (Fig. 3). For the seedlings
inoculated in 2014 ash dieback symptoms score increased up to 3.3 points in September in the
year of inoculation. Over the next two years this index increased rather slowly and has reached

3.8 points in September of the 4th year after inoculation.
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Fig. 3. Dynamics of ash dieback symptoms (ADB) score for ash seedlings
after inoculation with H. fraxineus

For the seedlings inoculated in 2015 ash dieback symptoms has been developed in
September. Ash dieback symptoms score for this group of plants was considerably lower, than
for those inoculated in 2014 (3.3 and 0.2 points for seedlings inoculated in 2014 and 2015
respectively), which can also be explained by rather dry weather in 2015 (see Fig. 3).

The ash dieback symptoms score for seedlings inoculated in 2014 have been developed
gradually and ADB score has reached 3.6 and 3.8 points in the 3rd and 4th years after
inoculation. Ash dieback symptoms score in seedlings inoculated in 2015 exceeded that of
seedlings inoculated in 2015 in the 3rd year after inoculation and reached 3.9 points in
September (see Fig. 3).
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Any dead ash seedling was found in the year of their inoculation with H. fraxineus (Fig. 4).
The second year after inoculation 55 % of seedlings inoculated in 2014 and 55 % of seedlings
inoculated in 2015 have died in May. In September of the 2nd year after inoculation seedlings
mortality had reached 55 and 40 %, and in May of the 3rd year it was 80 and 85 % respectively.
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Fig. 4. Cumulative total rate of ash seedlings mortality after inoculation with H. fraxineus

Typical formation of necrotic lesions was a common response to inoculation ash trees with
the H. fraxineus and no significant difference between treatments was recorded in first three
months after inoculation.

In total, inoculation of all ash seedlings and trees with H. fraxineus resulted in necrotic
dark-brown submerged lesions of different size. The lesions were generally extended in both
proximal and distal directions from the wounded area. But lesion lengths were not significantly
different by Fishers test (p < 0.05) following ANOVA (n= 6) for both ash seedlings and trees.
Furthermore, no significant differences between wood and bark necroses lengths (p < 0.01) were
observed on ash seedlings in both experiments. The control treatment resulted in very small dark
area around inoculation place. Inall experiments fungus induced lesions length on the inoculated
ash seedlings was significantly different from the control (p <0.001).

Lesion lengths in seedlings inoculated both in 2014 and 2015 has increased almost the
same during two years after inoculation. In September of the 1% year lesion length was 11.4 and
12.1 mm respectively, in September of the 2" year it was 24.4 and 29.1 mm respectively
(Fig. 5). Since that date lesion lengths in seedlings inoculated in 2015 exceeded those of
seedlings inoculated in 2014, and in September of the 3™ year lesion lengths have reached 25.3
and 34.5 mm respectively.

Health condition of inoculated 20-years-old ash trees gradually worsened during
experiment (Fig. 6). Score of health condition for trees inoculated in 2014 has increased from 1.3
points in the first year to 2.8 points in the third year and reached up to the 3.2 points in the fourth
year of experiment. Health condition of ash trees inoculated in 2015 has been worsened steadily
also and has reached 3.2 points in three years (see Fig. 6).

Ash dieback score for 20-years-old trees inoculated in 2014 and 2015 increased about
twice (1.7 times) for two and three years after inoculation (Fig. 7). Probably, more rapid disease
development in 20-years-old ash trees inoculated in 2015 can be explained by higher
precipitation in the year of inoculation (see Fig. 2).
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Fig. 5. Development of necrotic lesion length inash seedlings after inoculation with H. fraxineus
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Fig. 6. Health condition score for 20-year-old ash trees
after inoculation with H. fraxineus

Despite of severe dieback and typical symptoms of ash dieback such as stem necroses,
wood discoloration and wilt of leaves and branches above inoculation place, no 20-year-old tree
mortality have been observed during experiment. None of ash dieback symptoms or tree death
was observed for control trees.

Lesion length on 20-year-old trees increased more intensively, than in seedlings (Fig. 8).

In September of the year of inoculation lesion length has reached 62.7 and 60.3 mm on on
20-year-old trees inoculated in 2014 and 2015 respectively. Lesion length continued to grow
during all years of research and has reached 179.1 mm in May of the 4'" year (see Fig. 6).

Moreover, despite the formation of typical symptoms of ash dieback during three years,
single inoculation did not cause high tree mortality but only brought to health condition

worsening with score from 1.25 points in 2014 to 3.2 points in 2017.
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Fig. 7. Ashdieback symptoms (ADB) score for 20-year-old ash trees
after inoculation with H. fraxineus
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Fig. 8. Dynamics of necrotic lesion length in 20-year-old ash trees after inoculation
with H. fraxineus

H. fraxineus was confirmed to be the main cause of necrotic lesions by re-isolation of this
fungus from the margin of necroses with success rate of 98 % and 96 % for ash seedling and 20-
years-old ash trees respectively. Branches inoculated with sterile MEA showed no typical ash
dieback necroses, and no H. fraxineus was re-isolated from control trees.

Our results confirm that natural regeneration of ash in diseased forests can be damaged by
ash dieback, which will bring to a major degradation of ash stands and other associated species
[13].

Conclusions. Ash seedlings and 20-years old trees worsened health condition during four
years after inoculation with H. fraxineus. Health condition score and ash dieback symptoms
score increased more intensive in the year with higher pprecipitation of vegetation period. Any
20-year-old tree died during four years of experiment, but seedlings mortality had exceeded
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80 % in May of the 3rd year after inoculation. The length of necrotic dark-brown submerged
lesions on infected 20-year-old trees increased more intensively, than on seedlings. H. fraxineus
was re-isolated from necroses in inoculated plants that confirms its responsibility for ash dieback
in the experiment.
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