Hayxkosi npaui JliciBHu40i akagemii Hayk Ykpainu: 30ipHMK HAyKOBHX Npanb

5. 3AXHUCT JIICIB
I MUCJIUBCBKE I'OCITOJAPCTBO

UDC 630.4

V.L. MESHKOVA', K.V. DAVYDENKO"*

VERTICILLIUM WILT ON NORWAY MAPLE (ACER PLATANOIDES L..)
IN THE EAST OF UKRAINE

Massive Norway maple decline was registered in forest and ornamental stands of the East of Ukraine. The
pathogen was identified as Verticillium dahliae. It infects different maple species and some other forest trees. The
main symptoms of disease are wilt, foliage and xylem discoloration, defoliation, long green streaks in sapwood,
dieback. Crown damage decreases with stem diameter. It is the highest in the forest (78.5%), the lowest in the
street (21.5%) and intermediate in the park (44.9%). In the streets foliage damage was 59.4% and 30.5% in the
maple trees with and without mechanical wounds in the lower part of stem, which were caused during weeding.
Such wounds were absent in the forest. Weather conditions of 2016 (early beginning of sap flow, fluctuation of
temperature, high maximal air temperature and low precipitation) were favorable for wilt development. Preventive
measures of wilt spread can be used only in nurseries. Removal of affected maple from mixed oak stand may be

unfavorable for oak growth.
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Introduction. Norway maple (Acer platanoides L.)
is widespread in Europe up to Ural Mountains, and is
naturalized in USA and Canada [5]. This fast-growing
species is able to grow in a wide range of soils and
habitat conditions. It is important that the part of oak
stands grow in fresh and humid sites [1]. Norway maple
is also planted as ornamental and shade tree, due to its
colorful foliage, large crown and resistance in urban
conditions [2, 5]. The wood of maple is used for music
instruments, furniture and marquetry.

Different fungal species cause leaf spots, dieback of
branches, wood cankers of Norway maple, but usually
such diseases do not lead to tree mortality [9].

In 2016 massive Norway maple dieback was
registered in forest and ornamental stands of the East
of Ukraine. Characteristic symptoms were observed
in leaves, branches and stems as well as in their cross
sections. Sometimes affected trees died, and in other
cases water shoots developed after premature leaf
abscission. Over 80% of trees had the same symptoms
in inspected stands with different level of damage (from
21.5 to 100%).

Observed symptoms of Norway maple decline
resemble Verticillium wilt — the disease caused by soil-
borne fungi ofthe genus Verticillium, V. dahliaeKleb.[3].
This disease in maple was not studied in Ukraine yet.

However, high attention was paid to it in other plants
in the 80s of the last century in Europe and USA [8, 9].

Verticillium wilt spreads fast in the East Ukraine,
therefore we can expect accumulation the large amount
of infection in the soil and plant debris. V. dahliae
survives in soil as microsclerotia, which are formed in
the dying tissues of the host plant, especially leaves.
Microsclerotia germinate, within a week the hyphae
penetrate the cortex of young roots and spread in the
xylem vessels which cause the water stress, wilting and
dieback [4]. The pathogen can survive over 10 years
in the soil over a quite wide range of soil moisture and
temperature [3] and be vectored to new plants or sites
with soil, plant debris or planting material as a result
of activity of soil organisms and management, as well
as by wind, dust, water, and wind-blown leaves, which
contain microsclerotia and hyphae [7]. It can be spread
also with scions, buds or rootstocks of infected plants
and during pruning [3].

Though Norway maple is seldom the main forest-
forming species, it often makes up considerable part of
oak stands [1]. Therefore mortality of Norway maple
would have negative influence on oak growth in the
region.

The aim of this research was to identify the pathogen
which causes Norway maple decline, and to carry out
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preliminary analysis of its occurrence and development
on Norway maple in the forest and ornamental stands
of the East Ukraine, as well as to try to develop the
strategy of its management.

Objects and methods. Forest stands were inspected
in the State Forest Enterpises ‘“Vovchanske Forestry”,
“Zhovtneve  Forestry”, “Chuguevo-Babchanske
Forestry”, “Skrypaivske Training & Experimental
Forestry” of Kharkiv National Agrarian University
named after V. V. Dokuchaev (“Skrypaivske TE
Forestry”), and Kharkiv Forest Research Station of
Ukrainian Research Institute of Forestry and Forest
Melioration named after G.M. Vysotsky (“Kharkiv
FRS”). Ornamental stands in Kiev and Shevchenko
districts of Kharkiv as well as the Veterans Park and
Arboretum of Kharkiv National Agrarian University
named after V. V. Dokuchaev were also inspected.

In each stand 50-100 Norway maple trees were
inspected with registration of such visual symptoms:
wilt, foliage discoloration, defoliation, drying or
necrosis on leaves; dieback and death of branches or
the whole tree [3]. Randomly we examined the cross-
sections of branches between alive and dead parts of
them and registered the presence of discoloration of
xylem or vascular discoloration (vascular symptoms).

Weather parameters from meteorological station
Kharkiv were used.

In August 2016, leaves and chips of discolored
sapwood from 50 affected trees were examined for
presence of Verticilium dahliae and other pathogens.
These trees have showed serious symptoms of maple
wilt during the summer. 100 petioles from symptomatic
trees were also collected to identify Verticilium dahliae
or other pathogens. All samples were immediately

J.

Fig. 1. Colony of Verticillium dahliae Kleb after 2.5 weeks incubation (on the left),

cleaned for identification on microsclerotia [3]. After
cleaning, all samples were sterilized in 1% sodium
hypochlorite for 1 min, washed in sterile water.
Removing the bark and cutting of sapwood discs done.
Five discs or pieces of petioles were placed on PDA
(potato dextrose agar) using sterile forceps. Petri dishes
were incubated at 22°C.

Results and discussion. Fungus identification
and mycological study. After incubation at 22°C,
presence of Verticillium dahliae Kleb was determined
(Fig. 1). Isolates formed globose or oval to elongate
microsclerotia ~ without  chlamydospores.  Aerial
mycelium generally abundant, floccose, or appressed
to the agar and appearing water-soaked. Aerial hyphae
smooth-walled, (1.5-) 2-3 um wide. Conidiophores on
mycelium erect or slanted, colorless, branched swollen
whorled at an angle up the branches, often somewhat
swollen at the base. They formed disjointedly
throughout the colonies, hyaline, 80—700 um in length,
3—4 pum wide, narrowing towards the apex, transversely
septate, septa spaced more narrowly towards the apex.
Conidiogenous cells are phialides, arranged in whorls
along conidiophores, arising below transverse septum).
Phialides subulate, tapering from 1 um at the base to 2
pm at the tip, terminal phialides 4060 um long, lateral
phialides 25-50 um long. Conidia were also colorless,
hyaline, smooth-walled, non-septate, cylindrical with
rounded apices to oval, 2.5-11.5 x 1.7-3.5 um. Inflated
cells were also detected in mycelium after 4 weeks
on PDA up to 9 pm wide. The absence of melanised
mycelium was observed for some isolates. All isolates
fitted in these descriptions, except three ones, were
classified as V. dahliae. Other two were identified as
Fusarium sp. and Penicillium sp.

V

conidiophores after 15 days (in the middle) and microsclerotium of isolates (on the right)

Field investigations. Verticillium wilt was observed
in Acer platanoides, A. campestre L. and 4. negundo L.
in all inspected stands. It is consistent with the published
data, according to which Verticillium wilts affect a wide
range of plants in many parts of the world between
latitudes 60°N and 50°S with the exception of tropical
lowlands [3]. The list of host-plants of this fungus cover
fruits, nuts, vegetables, herbs, woody and herbaceous
ornamentals, some shade and amenity tree species [9].
Among forest trees of temperate zone, Acer, Aesculus,

Fraxinus, Robinia, Tilia and Ulmus as well as shrubs
from genera Berberis, Buxus, Elaeagnus, Ligustrum,
Lonicera are shown to be susceptible to the pathogen.
At the same time, Alnus, Betula, Fagus, Populus,
Quercus and Salix seem to be resistant [7].

It was found, that some tree species like ash recover
from disease, because their cambium is able to produce
new layers of tissue around damaged xylem. Ash wood
has also a sheath of marginal parenchyma between
successive growth rings. It serves as barrier zone
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between latewood vessels of one growth ring and early
wood vessels of the next growth ring. Robinia, oak and
ash are ring-porous trees. Their water transport is mainly
in the current year’s wood. Hence, as the cambium
retains its ability to form a new growth ring, loss of water
transport capacity of the current year’s xylem poses no
problem for survival of the tree. Unlike them, maple is
diffuse-porous tree. Its xylem vessels in each growth ring
remain functional for several years, so that the loss of the

Some weeks after defoliation, extensive dieback
of branches was often followed by the formation
of adventitious shoots below the level of dieback,
especially from the stem base (Fig. 3). It was chronic
form of disease [4].
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Fig. 3. Formation of adventitious shoots
in damaged trees

Cross-sections of branches between alive and dead
parts of them demonstrated dark dots, strips or rings
(Fig. 4). It appears because gel plugs and tyloses are
formed in the vessels, which brings to water transport
impedance and wilt, desiccation and defoliation in
result of it.

Fig. 2. Damaged foliage of Acer campestris (left) and Acer platanoides (right)

transport capacity of one (or more) of these rings limits
water conduction in following years [7].

In some trees, rapid wilting of leaves was observed. They
desiccated and turned brown, dead leaves usually remained
on the branches. New sprouts did not develop, and the trees
died. It was so called acute form of disease [4].

The leaves of other trees became discolored and
desiccated, usually from the margins inwards (Fig. 2)
and prematurely fall off.
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Fig. 4. Dark dots, strips or rings in the cross-
sections between alive and dead parts of damaged
branch

Preliminary analysis of crown damage level in
different stands show its dependency from stem diameter
at breath height (r =-0.63) (Fig. 5). It is consistent with
the published data, according to which the small trees
are damaged more, because root system covers large
soil volume, each year major part of fine roots recovers,
and roots are located not only in top layer [3].

176

5. 3axucr JiiciB i MUCTHBCHKE rOCIOIAPCTBO



— JIbBiB: PBB HJITY Ykpainu. — 2016. — Bun. 14.

LI O
& ¥ = 78445
sk B-=040]6

-] 3T05% 4

L

[ramage. %o

1]

O XD O~ o

L] 15 ik 15 30 i5 10

Ihanwter, cin

Fig. 5. Damage level (wilt damaged part of crown)
in Norway maple depending on tree stem diameter

Positive role of foliage removal in the spread of
Verticillium wilt can be seen (Fig. 6): damage level was
the highest in the forest (78.5%), the lowest in the street
(21.5%) and intermediate in the park (44.9%).
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Fig. 6. Maple damage (wilt damaged part of crown)
in different stands
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It is known, that the wounds of roots, including
caused by plant pathogenic nematodes, is important
contributory factor to disease [6]. Our preliminary
research show, that the foliage damage was 59.4% and
30.5% for the maple trees with and without mechanical
wounds respectively in the lower part of stem, which
were caused during weeding. Such wounds were absent
in the forest.

As wilt development causes water stress in plants, it
is severe in hot and dry summers [4].

Our research show, that daily air temperature in all
months of vegetation period in 2016 was higher than by
long-term data (Fig. 7).
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Fig. 7. Air temperature (T °C) in 2016 and for
long-term data (meteorological station Kharkiv)

The most excess of daily temperature (164.7%)
was calculated for March, when maximal temperature
exceeded 12.8° C. Sap flow in maples started at the first
days of March instead of the third decade of March (as it
was by long-term data). This created the conditions for
rapid penetration of infection into the roots and spread
in the stems. Several waves of hot and cold weather the
next weeks with significant fluctuation of precipitation
had negative influence on rate of foliage and shoot
growth. For example, in May air temperature was only
3.6% higher than long-term data, but precipitation was
202% (Fig. 8).
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Fig. 8. Precipitation (P, mm) in 2016 and for
long-term data (meteorological station Kharkiv)

In June air temperature 10.5% exceeded the long-
term data, and precipitation was 21.7% less than long-
term data. That is in June the first wave of disease
began to develop. The second wave of disease started
in July after maximal daily temperature over 30 °C.
This wave of disease may be more dangerous because
the growth of shoots and ability to regeneration
became low. Dry and hot September with daily
temperature 14.6 °C and maximum 29.1 °C and
precipitation only 11 mm (67.6% from long-term data)
may contribute to further development and spread
of disease.

Disease management. The most of publications
on Verticillium wilt management concern nurseries
and include recommendations on irrigation, supply
of additional potassium, soil disinfection, which
is dangerous for environment, and use of resistant
cultivars or rootstocks [3]. Use of former agricultural
land infested with V. dahliae for nursery production
caused wilt problem in the USA in the 1960s
and 70s [9].

In the inspected oak stands of the East of Ukraine
Norway maple exceeds 40% by number of trees
and 20-30% by stock. In the case of high spread of
Verticillium wilt removal of damaged maple trees
from the stand would bring to considerable decrease
the density of stocking. Natural regeneration of maple
and other susceptible species would also be damaged
by wilt, because the stock of infection is already high
in the soil. Therefore damaged maple trees with water
shoots must not be removed from the stand as long as
possible, because sudden change of light regime would
worsen conditions for the growth of oak (Quercus
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robur L.) and its stem quality, especially in the age
before growth culmination.

Conclusions. Massive decline of Norway maple
was registered in forest and ornamental stands of
the East of Ukraine. The pathogen was identified as
Verticillium dahliae. 1t infects different maple species
and some other forest trees. The main symptoms of
disease are wilt, foliage and xylem discoloration,
defoliation, vascular discoloration, dieback.

Crown damage decreases with stem diameter at
breath height. It is the highest in the forest (78.5%),
the lowest in the street (21.5%) and intermediate in
the park (44.9%). In the streets foliage damage was
59.4% and 30.5% in the maple trees with and without
mechanical wounds in the lower part of stem, which
were caused during weeding. Such wounds were absent
in the forest.

Weather conditions of 2016 (early beginning of
sap flow, fluctuation of temperature, high maximal air
temperature and low precipitation) were favorable for
wilt development.

Preventive measures of wilt spread can be used in
nurseries. Removal of diseased maple from mixed oak
stand may be unfavorable for oak.
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B.JI. Mewrxosa, K.B. /lasudenxo

BEPTULINJIJIESHOE YBAJJAHUE KJIEHA
OCTPOJIMCTHOI'O (ACER PLATANOIDES 1.)
HA BOCTOKE YKPAUHBI

B 2016 r. 3aperucTpupoBaHO UHTEHCUBHOE YBSia-
HUE KJIEHA OCTPOJIMCTHOTO B JIECHBIX M JICKOPATHBHBIX
HACaKICHUSIX BOCTOKA YKPAUHBI.

Lenvro uccredosanuti ObpuIa UASHTH(DUKALNAS BO3-
OynuTeNs yBSIaHUS KJIEHa OCTPOJUCTHOTO, TIPE/IBapH-
TENbHBIN aHATN3 PACIPOCTPAHCHUS U Pa3BUTHS 00JIe3-
HU B JICCHBIX M JICKOPATHBHBIX HacaXaeHUsIX BocToka
VYkpauHbl, a TaKXKe MOIbITKA Pa3padOTKU CTPATETHH
3alIUTHI OT €€ MOCJIEACTBUM.

OO0cnenoBaHbl HaCaXICHUs JieCHOTO (hoHma rocy-

JAPCTBEHHBIX  JICCOXO3SIMCTBEHHBIX  MPEANPUATHN
“Bomaanckoe JIX”, “Oxtsa6prckoe JIX”, “UyryeBo-ba-
Oouanckoe JIX”, “CkpumacBCKHi yIeOHO-OIBITHBINA

nmecxo3” XHAY wmm. B.B.J/lokydaeBa, XapbKOBCKO#
JIHUC YkpHUNIIXA um. I'H. Briconkoro, a Takxe
nexopatuBHbele HacaxieHus Kuesckoro m IlleBuen-
KOBCKOTO pailOHOB I. XapbKoBa, mapka BerepaHoB u
Hennponapka XHAY um. B.B. Jlokydaesa.

B kaxxmoMm Hacaknennn oocaegosanu mo 50-100 ge-
PEBBEB KJIEHA OCTPOJIMCTHOTO, BEIOOPOYHO OCMaTpHBast
Cpe3bl BETBEH MEXKy JKUBOU U MEPTBOM YaCTAMHU U pe-
TUCTPUPYS HaJU4Yue yBSaHUS, NEXPOMAIUH JIUCTHEB,
KCHJIEMBI WIH COCYAOB, OTMUpPaHHs BeTBEH. B aHanu-
3€ MOTOJHBIX YCIIOBUI HCIIONB30BaHbl JaHHbIE MeTe-
OCTaHIIMM XapbKOB.

IIpousBeneHHBIE B aBrycT€ MHUKOJIOTHYECKUH
aHaJM3 JIUCTHEB, YEPELIKOB U (ParMeHToB AeXpo-
MHUPOBAaHHON 3a00JI0HM WM KYJIBTUBHUPOBAHUE Ha Kap-
TodeapbHO-TeKCTPo3HOM arape mpu 22°C 1O3BOIWIH
oTpenenuTh Bo30yauTens Kak Verticillium dahliae.

YCTaHOBIIEHO, YTO OBPEXKIEHHOCTH KPOHBI YMEHb-
miaeTcs o Mepe YBEIHMUEHUs AMaMeTpa CTBOJIA Ha BbI-
cote rpynu. OHa Hambonee Bbicoka B Jecy (78,5%),
HauOoJiee HU3KA B YIMYHBIX mocankax (21,5%) u mpo-
MeXyTOo4YHas B mapkax (44,9%). B ynmuuHbIx mocaakax
MOBPEXKICHUE JINCTBHI KIIEHOB cocTaBmiio 59,4 u 30,5%
Cpeli IEpEeBbEB C HAIUYMEM U OTCYTCTBHEM MEXaHH-
YECKMX IOBPEXJCHUN HUKHEH 4acTH cTBOoNA. Takue
MOBPEXICHUS OTCYTCTBOBAIIU B Jiecy. [lorognsie ycmo-
Busa 2016 1. (paHHEe HauaJI0 COKOABIKEHUS, KOIeOaHMs
TEMIIEPATypBl, BBICOKAs MaKCHMaJIbHas TeMIleparypa
BO3IyXa M HHU3KOE KOJIMYECTBO OCAJKOB) ObuTH Oja-
TONPUSATHBI U1 pa3BUTHS BUITA. Mepbl NPO(QUITaKTHKI
pacrpocTpaHeHusi OOJE3HH MOTYT OBITh HPUMEHEHBI
TOJBKO B NMUTOMHHUKAX. YIaneHue OONbHBIX IEPEBHEB
KJICHa M3 CMELIAHHBIX IyOOBBIX HACAXKICHUH MOXKET
HEeOMaronpusITHO OTPA3UTHCS HA pocTe ayoda.

KuroueBble ci10Ba: KJI€H OCTPOJIMCTHBIN, BEPTH-
LWIJIE3HOE YBAaHWE, CUMIITOMBI, TOBPEXKAEHUE KPOH
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B.JI. Mewrkosa, K.B. /lasudenko

BEPTUIINJIBO3HE B’SIHEHHS KJIEHA
IrOCTPOJIUCTOI'O (ACER PLATANOIDES L.)
HA CXOII YKPAIHHU

Y 2016 p. 3apeecTpOBaHO IHTCHCHUBHE B’STHCHHS
KJIEHa TOCTPOJIMCTOTO B JICOBHX 1 JIGKOPATHBHHUX Ha-
CaJPKCHHSX CXOLy YKpaiHH.

Memoro docnidacens Oyna imenTudikaris 30yTHAKA
B’SIHEHHSI KJICHA TOCTPOJIUCTOTO, TIOTIEPEIHIA aHai3
MIOIIUPEHHS ¥ PO3BUTKY XBOpOOW B JIICOBHX 1 JIeKOpa-
TUBHUX HacaJKeHHAX Cxoxy YKpaiHu, a Takox cripoda
PO3pOOUTH CTpaTerito 3aXKCTy BiJl ii HACIAKIB.

OO0cTexeHi HacaKeHHs J1icoBOro (hOHIY AeprKaB-
HUX JIICOTOCMONAPCHKUX MiANpreMCTB “BoBuaHChKe
JI”, “XKoeruese JII™, “UyryeBo-batuanceke JII™”,
“CkpunaiBCbKUH  HABYAIBHO-AOCHIAHUN  Jicrocm”
XHAY im. B.B. [lokyuaeBa, Xapkiscbkoi JIHIC Ykp-
HAUITA im. I'M. Bucoipkoro, a Takox JCKOpaTHUBHI
HacamkeHHs KuiBcbkoro # 11leBueHKIBCHKOTO palioHIB
XapxkoBa, napky Berepanis i Jlengponapky XHAY im.
B.B. Jokyu4aega.

Y xoxxHOMY HacapkeHHI obcrexysann mo 50-100
JepeB KJI€HA TOCTPOJIMCTOTO, BHOIPKOBO OTVISIAIOUH
3pi3W TUIOK MK JKHBOIO Ta MEPTBOIO YaCTHHAMH Ta
PEECTPYIOUH HASBHICTH B’STHEHHS, AEXPOMAIii JIHCTS,

KCHJIEMH a00 Cy/lWH, BiIMUpaHHS TiJoK. B anHami3i no-
TOJTHMX YMOB BUKOPHUCTaHI JIaHi MeTeocTaHIlii XapKiB.

Buxonannii y cepriHi MIKOJOTIYHUN aHaI3 JIUCT-
KiB, "epemKkiB i GparMeHTiB AeXpoMOBaHOi 3a00JI0HI
I KyJIbTHUBYBaHHS Ha KapTOIUISHO-IEKCTPO3HOMY arapi
3a 22°C naB 3MOTy BU3HA4YNTH 30ymHUKA K Verticillium
dahliae.

YcTaHOBIEHO, WO PpiBE€Hb MOIIKOIKEHHS KpPOHU
3MEHIIYETHCS Y Mipy 30UIbIICHHS JiaMeTpa cToBOypa
Ha BHCOTI rpyaei. [lomkomxeHHs: HalO1IbII IHTEHCUB-
He B jici (78,5%), HaliHKYe y BYIMYHHUX MOCAIKax
(21,5%) i mpomixkHe y mapkax (44,9%). Y ByaudHUX
MMOCaAKaX IMOMIKOIKEHHS JTUCTS KJIEHIB CTAHOBHIIO 59,4
1 30,5% cepen nepes i3 HasIBHICTIO Ta BiZICYTHICTIO Me-
XaHIYHUX TIONIKOKeHb HA HUMXKHIM 4acTHUHI CTOBOYpa.
Taki momkomxkeHHst Oynmu BiacyTtHi y uici. [loromni
ymoBHu 2016 p. (paHHIl MOYaTOK COKOPYXY, KOJNHBaH-
HSl TeMIepaTypH, BUCOKAa MaKCHMajlbHa TeMIlepaTypa
TIOBITPST ¥ HU3bKA KUTHKICTh OMaiiB) OyIIM CIIPHUATINBI
JUTSL PO3BUTKY BLATY. 3aX0u MPOMITaKTHKH MOITUPEH-
HS1 XBOPOOM MOXKYTb OyTH 3aCTOCOBaHi JIMIIE y PO3ca-
HUKaX. BuiydeHHs XBOpUX AepeB KieHa i3 MillaHUX
OyOOBUX HacaJKeHb MOXKE HECHPHUSATIMBO MO3HAYUTHU-
csl Ha pocTi ay0a.

KirouoBi cinoBa: KJI€H TOCTPOJHMCTHH, BEpPTULH-
JbO3HE B’SIHEHHS, CHUMIITOMH, TTOIIKOKECHHS KPOH
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