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Abstract. Pedunculate oak (Quercus robur L.) is the most valuable deciduous tree species in Poland. For almost 30 years, an oak
decline resulting from stress factors leading to a decrease of tree vitality in the long-term has been observed.

The aim of the present study was to determine the proportion of leaves infected by the fungus Erysiphe alphitoides, the cause
of powdery mildew, in post-flood oak stands situated in the Forest District Wotow (51°32°N, 16°62’E) as well as to evaluate
effects of powdery mildew with respect to the oak decline.

In order to record the powdery mildew incidence, we selected three trees in each of the ten investigated oak stands, and 200
leaves were collected from the upper part of the crowns. The percentage of infected leaves as well as the reduction of carbon
assimilation capacity was assessed. Furthermore, we evaluated the average reduction of carbon assimilation capacity and the
percentage of withering branch tips in 25 adjacent trees.

Incidences of powdery mildew were observed in seven out of the ten stands. The maximum tree damage did not exceed 22%
leaf infection and mean defoliation within the study areas ranged from 18% to 61.4%. Non-withering branch tips were observed
in one post-flood area as well as in one area situated outside the flooded region. Within the remaining areas studied, the average
proportion of withering branch tips ranged from 0.4% to 13.8%.

Statistical analyses showed that differences between the investigated stands with regard to the rate of powdery mildew oc-
currence were not significant. Correlating the means, however, revealed a relationship between powdery mildew incidence and
branch tip withering. This relationship is a possible indication of the ongoing oak dieback. No statistically significant relationship
between tree defoliation and powdery mildew incidence was found. The lack of statistical significance, as observed here, implies
that water stagnation within the investigated stands had no effect on Erysiphe alphitoides infection.

Keywords: defoliation, branch tip withering, oak decline, Forest District Wotow

*Tezy zawarte w niniejszym artykule zostaty zaprezentowane na konferencji ekonomiczno-le$nej ,,Ekonomiczne problemy reali-
zacji wielofunkcyjnej gospodarki lesnej w Polsce” — Kotobrzeg, 4—6 grudnia 2013 r.

jakim jest zamieranie drzew, to wynik dtugotrwalego procesu,
ktéry prowadzi do zmniejszenia zywotnosci deboéw wskutek
dziatania czynnikow stresowych zwigkszajacych podatnosé

1. Wstep

Dab szyputkowy (Quercus robur L.) to najcenniejszy pod

wzgledem gospodarczym i przyrodniczym lisciasty gatunek
lasotworczy w Polsce. Drzewostany dgbowe zajmuja ok. 6%
ogolnej powierzchni lesnej kraju (Ceitel 2006). Od blisko 30
lat w catej Polsce obserwujemy masowe zamieranie drze-
wostanow debowych (Przybyt 1995; Oszako 2007; Szewczyk
etal. 2012). Naukowcy udowadniaja, ze kompleks chorobowy,

drzewa na dziatalnos$¢ czynnikdéw biotycznych (Oszako 2007).

Nadlesnictwo Wotow od 1997 roku do$wiadcza skutkow
powodzi, ktora dotkngta 4075 ha lasow. W 2010 roku tereny
w tym Nadle$nictwie ponownie zostaly podtopione. Zalane
zostaty drzewostany debowe, w ktorych stale wystepuja ob-
jawy zamierania.
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Jednym z wielu gatunkéw grzybow zaliczanych do odpo-
wiedzialnych za pogarszanie si¢ kondycji deboéw jest Erysiphe
alphitoides (Griffon & Maubl.) U. Braun & S. Takam — spraw-
ca choroby aparatu asymilacyjnego debow. Poraza drzewa
nalezace do wszystkich klas wieku. Zainfekowane blaszki li-
sciowe przedwczesnie zamieraja i opadaja, dgby zmniejszaja
swoj przyrost, s3 ostabione, przez co latwiej ulegaja innym
chorobom, np. opienkowej zgniliznie korzeni powodowane;j
przez grzyby rodzaju Armillaria. Porazone dgby zwykle nie
osiagaja odpowiednio wczesnie tzw. dojrzatosci zimowej, co
czyni je bardziej podatnymi na szkodliwe dziatanie przymroz-
koéw wezesnych. Wystepowaniu choroby sprzyjaja rdwniez
wahania poziomu wod gruntowych (Manka 2005).

Celem pracy byto okreslenie udziatu lisci debéw porazo-
nych przez Erysiphe alphitoides w drzewostanach popowo-
dziowych w Nadles$nictwie Wotéw oraz okreslenie wptywu
maczniaka na wystgpowanie symptomow zamierania.

2. Metodyka

Powierzchnie obserwacyjne zlokalizowano w drzewosta-
nach debowych Nadlesnictwa Woldow (51°32°N 16°62°E)

Tabela 1. Charakterystyka powierzchni badawczych
Table 1. Characteristics of study areas

w dolinie rzeki Odry. Okres wegetacyjny trwa tu 226 dni,
Srednia temperatura roczna wynosi +8,2°C, a przeci¢tna
suma opadéw 612 mm. Dla celow badawczych wybrano 10
drzewostanow, ktore byly zalane woda podczas powodzi
w 1997 1 2010 roku. Charakterystyke powierzchni zawiera
tabela 1 (Plan Urzadzania Lasu dla Nadlesnictwa Wotow
2005). W celu okreslenia wystgpowania maczniaka na
blaszkach lisciowych w wybranych drzewostanach wyty-
powano po 3 drzewa, z ktorych pobrano 200 lisci z gor-
nej czesci korony, najbardziej poddanej wptywom §wiatla
stonecznego. Nastepnie, na podstawie obecnosci obja-
wow etiologicznych E. alphitoides, okreslono procentowy
udziat lici porazonych. Dokonano oceny ubytku aparatu
asymilacyjnego drzew, z ktorych pobrano liscie. Dla 25
drzew okalajacych ustalono $redni ubytek aparatu asymi-
lacyjnego zgodnie z atlasem ubytku aparatu asymilacyjne-
go opracowanym przez Boreckiego i Keczynskiego (1992)
oraz okre$lono procentowy udzial usychajacych wierzchot-
kow gatezi.

Policzono warto$¢ $rednig mierzonych parametrow oraz
btad standardowy (SE). Przed zastosowaniem analizy warian-
cji, dane transformowano za pomocg funkcji: z = log,, (y+1)

Numer po- Gatunek  Siedlisko- Po- Zadrze- Bonita-
wierzchni  panujacy wy typ lasu wierzch- Zwarcie wienie cja Wiek  Charakter powierzchni
Study area Dominant  Forest site  nia (ha) Canopy density Growing Soil Age Area type
number species type Area (ha) stock class
! Db Lt 11,08 umiarkowane moderate 08 1 71 popowodziowy
canopy closure post-flood
) 8Db Lt 20,58 umiarkowane moderate L1 I 31 popowodziowy
2Lp canopy closure post-flood
4Db I
3 2Db Lw 3.6 umiarkowane moderate 1.0 I 35 pozzll obszarem powodzi
201 canopy closure I outside flood area
1Brz I
X .
4 Db Lt 7.60 przerywane broken 08 1 96 popowodziowy
canopy closure post-flood
5 9Db Lt 3.9 umiarkowane moderate 1 I 81 popowodziowy
1Lp canopy closure post-flood
6 Db L 250 przerywane broken 0.8 I 126/36 popowodziowy
canopy closure post-flood
- 7Db Lt 2.90 umiarkowane moderate 0.9 I 101 popowodziowy
3Lp canopy closure 56 post-flood
g 5Db Léw 137 przerywane broken 11 I 91 popowodziowy
SLp canopy closure post-flood
D iark i
9 8Db L 1.68 umiarkowane moderate 0.9 I 26 popowodziowy
2Lp canopy closure post-flood
10 9]?b Léw 532 umiarkowane moderate 0.8 I 101 pOZZ.l obszarem powodzi
ISw canopy closure outside flood area

Objasnienia / Explanations: L$w — las §wiezy / fresh hardwood forest, Lw — las wilgotny / moist hardwood forest, Lt — las legowy / flood plain
forest, Db / oak, Lp / linden, Ol / alder, Brz / birch, Sw/ spruce
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lub, w przypadku wartosci procentowych (p), stosowano trans-
formacj¢ Blissa.

Oceng wptywu lokalizacji powierzchni na badane cechy
wykonano na podstawie jednoczynnikowej analizy wariancji.
Wykorzystano nastepujacy model statystyczny:

Yysuta te,

gdzie:

¥, — warto$¢ cechy j-tej na powierzchni o i-tej lokalizacji,
1 — $rednia wartos¢ obserwowanej cechy,

a,— efekt i-tej lokalizacji,

€~ efekt btedu.

W przypadku, gdy wynik analizy wariancji byl pozytyw-
ny, tzn. udowodniono wplyw lokalizacji danej powierzchni
na wielko$¢ badanej cechy, wykonywano wielokrotny test
rozstegpu Duncana, wykrywajacy istotne roéznice pomigdzy
lokalizacjami. Jako miar¢ wspotzaleznosci miedzy $rednimi
cechami dla poletek zastosowano korelacj¢ rang Spearmana
(p Spearmana, rho Spearmana).

3. Wyniki

Maczniaka prawdziwego debu stwierdzono w 7 z 10 bada-
nych drzewostandw. Na powierzchni 1 na wszystkich drze-

Tabela 2. Wyniki analizy wariancji dla badanych cech korony
Table 2. ANOVA results on crown features observed

wach poddanych analizie byto porazonych od 3 do 12% lisci.
W pozostatych lokalizacjach, gdzie stwierdzono wystepowa-
nie choroby, objawy porazenia wystepowaly najczesciej na
dwoch drzewach sposrod trzech badanych. Maksymalne po-
razenie drzew nie przekraczato 22% lisci. Ocena ubytku apa-
ratu asymilacyjnego wykazata, ze stopien defoliacji drzew
byt r6zny na poszczego6lnych powierzchniach i wynosit od 18
do 61,4 %. Na powierzchniach 4 i 10 nie stwierdzono usycha-
jacych wierzchotkdéw gatezi. Na pozostatych powierzchniach
$redni udziat procentowy usychajacych wierzchotkow galezi
wynosit od 0,4% do 13,8%. Wykonana analiza wariancji wy-
kazata istotne réznice miedzy powierzchniami dla defoliacji
i usychajacych wierzchotkow, ale roéznice w nasileniu wy-
stepowaniu maczniaka miedzy poszczegdlnymi powierzch-
niami nie byly istotne (tab. 2), trudno, wigc dopatrywac si¢
zwigzku migdzy wystgpowaniem tej choroby w drzewosta-
nach a powodzig (tab. 3). Korelacja miedzy srednimi dowio-
dla istnienia zaleznosci migdzy wystgpowaniem maczniaka
iusychaniem wierzchotkow gate¢zi. Na powierzchniach, gdzie
stwierdzono wigcej uschnigtych wierzchotkéw gatezi, nasi-
lenie wystgpowania maczniaka byto wigksze, co potwierdza
wysoka, dodatnia, warto$¢ wspotczynnika rho (0,7165) oraz
poziom istotnosci 0,0197 (<0,05). Z kolei analizujac zalez-
no$¢ miedzy defoliacja drzew i wystgpowaniem maczniaka

Defoliacja (%) Usychajace wierzcholki galezi (%) LiScie porazone maczniakiem (%)
Defoliation (%) Withering branch tips (%) Leaves infected by powdery mildew (%)
F p F p F p
19,14 0,0000 16,77 0,0000 1,74 0,1444

Tabela 3. Srednie i wyniki testu wielokrotnych poréwnan dla badanych cech korony
Table 3. Means and multiple comparison test results on crown features studied

Numer Defoliacja (%) Usychajace wierzcholki galezi (%) LiScie porazone maczniakiem (%)
powierzchni Defoliation (%) Withering branch tips (%) Leaves infected by powdery mildew (%)
Study area
number X SE X SE X SE
1 55,00 ab 4,23 13,80 a 5,12 7,00 NS 2,65
2 61,40 b 3,78 5,60 b 0,97 0,67 NS 0,67
3 52,00 abc 3,37 7,60 ab 1,48 5,00 NS 5,00
4 50,40 acd 3,03 0,00 ¢ 0,00 0,00 NS 0,00
5 18,00 ¢ 3,10 7,68 ab 1,70 9,33 NS 4,98
6 42,00 cdf 4,12 16,00 d 1,63 3,67 NS 2,73
7 35,60 f 2,40 1,20 ¢ 0,66 0,67 NS 0,33
8 58,80 ab 4,01 0,40 ¢ 0,10 0,00 NS 0,00
9 18,60 ¢ 2,91 5,40b 1,15 9,67 NS 6,49
10 38,80 df 2,60 0,00 ¢ 0,00 0,00 NS 0,00

Objasnienia / Explanations: a, b, ¢ ..

. liczby w kolumnach oznaczone tymi samymi literami nie r6znig si¢ istotnie / numbers in columns

marked with same letter do not significantly differ, NS — brak istotno$ci wptywu / not significant effect, SE — blad standardowy / standard error
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stwierdzono ujemng korelacj¢ (rho -0,4185). Wyniki obser-
wacji zawiera tabela nr 4.

4. Dyskusja

Maczniak prawdziwy debu powodowany przez E. alphitoides
jest jedng z najczestszych choréb debu szypulkowego w Europie
(Manka 2005; Hajji et al. 2009). Obecno$¢ tego patogenu jest
powszechnie uwazana za mniej szkodliwa dla drzew dojrzalych
niz dla mtodszych. Choroba ta moze mie¢ duze znaczenie dla
zycia drzewa, poniewaz w polaczeniu z wystepowaniem innych

Tabela 4. Badane parametry drzew
Table 4. Tree parameters studied
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czynnikéw, takich jak defoliacja powodowana przez owady,
moze przyczyni¢ si¢ do jego $mierci (Delatour 1983;Thomas
etal. 2002; Marcais et Breda 2006; Hajji et al. 2009). Wydaje sie,
ze w ostatnich latach maczniak przyczynit si¢ rowniez do wy-
stapienia zjawiska zamierania dgbow w pdtnocno-zachodnich
Niemczech (Thomas et al. 2002). Maczniak wymieniany jest,
obok owadow, jako gtoéwny czynnik defoliacji degbéw. Od mo-
mentu pojawienia si¢ choroby powodowanej przez ten grzyb,
moze uptyngé 510 lat, zanim dojdzie do zatrzymania jej rozwo-
juipowolnego ustgpowania, czasem moze dojs¢ do wyzdrowie-
nia (Denman et al. 2010).

Srednia dla calej powierzchni

45:, g Drzt;v;f;cvg;);fe(:;vane na podstawie 25 drzew
g 2 Mean per studied area based on 25 trees
5 8 liScie porazone usychajace wierz-
; i nr drzewa chznizkiem (%)  defoliacja (%) chyolkijgaal(;zi (%) defoliacja (%) usychajace ?vierzcholki
g3 . _ sy . L galezi (%)
E g tree number  leaves 1nf.ected by defoliation (%)  withering branch tips defoliation (%) withering branch tips (%)
powdery mildew (%) (%)
1 12 50 5
1 2 3 90 100 55 13,8
3 6 25 25
1 0 40 0
2 2 0 80 0 61,4 5,6
3 2 60 10
1 0 30 0
3 2 0 60 5 52 7,6
3 15 80 20
1 0 80 0
4 2 0 60 0 50,4 0
3 0 70 0
1 17 50 10
5 2 0 30 15 18 7,68
3 11 0 20
1 9 30 20
6 2 2 40 20 42 16
3 0 60 20
1 1 50 0
7 2 0 10 0 35,6 1,2
3 1 30 0
1 0 80 0
8 2 0 50 0 58,8 0,4
3 0 30 0
1 22 30 10
9 2 0 50 0 18,6 5.4
3 7 0 0
1 0 10 0
10 2 0 30 0 38,8 0
3 0 60 0
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Gatunkiem panujacym w analizowanych drzewostanach
byt dab szypultkowy, ktory posiada duza zdolno$¢ do rege-
neracji korony i powrotu do stanu witalnego po ustgpieniu
czynnika szkodotwoérczego (tylko w 1 stopniu witalno$ci)
(Dmyterko 1998). Po powodzi z 1997 roku w drzewosta-
nach w dolinie $rodkowej Odry zaobserwowano poprawe
zywotnosci koron debow. Zwickszyla sie¢ witalno$¢ koron
oraz zmniejszyta si¢ defoliacja drzew (Dobrowolska 2007).
W uzyskanych wynikach nie stwierdzono istotnej zalezno-
$ci migdzy defoliacja drzew a wystgpowaniem maczniaka.
Niewatpliwie do defoliacji w badanych drzewostanach do-
chodzi réwniez z powodu zeru owadéw. W drzewostanach
tych stwierdzono wczesniej wystepowanie kupréwki rudnicy
(Euproctis chrysorrhoea L.). W 2007 roku zaobserwowano
obecnos¢ tego gatunku w litych drzewostanach dgbowych
i zadrzewieniach. Pojedyncze dg¢by opanowane byly juz
wezesniej (Szewczyk et Czeryba 2010). Problemy z folio-
fagami prawdopodobnie wystepowaty na tym terenie juz
w XIX wieku, a proba ich rozwigzania bylo sadzenie debu
szyputkowego formy pdznej (Szewczyk et Czeryba 2010).
Po6zno pedzace deby sg mniej narazone na zer zwojki zielo-
neczki (Tortrix viridiana L.), jednak sa bardziej podatne na
porazenie przez maczniaka (Hesmer 1955).

Brak istotnych réznic miedzy powierzchniami pod wzgle-
dem nasilenia wystgpowania maczniaka sugeruje, ze powo-
dzie z lat 1997 oraz 2010, ktoére spowodowaty dlugotrwate
stagnowanie wody w drzewostanach, nie przyczynity si¢ do
infekcji tych drzewostandw przez maczniaka obecnie, tj.
w roku 2013. Trudno réowniez dopatrywac si¢ zwigzku mie-
dzy zwarciem drzewostanu, a tym samym insolacja, a wyste-
powaniem maczniaka. Giertych i Suszka (2010) potwierdzili
silny zwigzek migdzy nastonecznieniem koron a porazeniem
przez E. alphitoides, co w $wiecie nauki jest zjawiskiem do-
brze znanym (Manka 2005). Bardzo wazna zaleznoscia, ktora
udato si¢ udowodni¢ w prowadzonych badaniach, jest silny
zwiazek miedzy wystepowaniem maczniaka a obecnoscia usy-
chajacych wierzchotkow gatezi. Wydaje sie, ze pedy porazone
przez maczniaka nie osiagnely na czas tzw. dojrzatosci zimo-
wej 1 ulegly uszkodzeniu przez przymrozki wczesne (Manka
2005). Bezlistne i usychajace wierzchotki galezi mozemy zali-
czy¢ do jednych z symptomdéw zamierania dgbow.
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Abstract. Pedunculate oak (Quercus robur L.) is the most valuable deciduous tree species in Poland. For almost 30 years, an oak
decline resulting from stress factors leading to a decrease of tree vitality in the long-term has been observed.

The aim of the present study was to determine the proportion of leaves infected by the fungus Erysiphe alphitoides, the
cause of powdery mildew, in post-flood oak stands situated in the Forest District Wotow (51°32°N, 16°62°E) as well as to
evaluate effects of powdery mildew with respect to the oak decline.

In order to record the powdery mildew incidence, we selec ted three trees in each of the ten investigated oak stands, and
200 leaves were collected from the upper part of the crowns. The percentage of infected leaves as well as the reduction of
carbon assimilation capacity was assessed. Furthermore, we evaluated the average reduction of carbon assimilation capacity
and the percentage of withering branch tips in 25 adjacent trees.

Incidences of powdery mildew were observed in seven out of the ten stands. The maximum tree damage did not exceed
22% leaf infection and mean defoliation within the study areas ranged from 18% to 61.4%. Non-withering branch tips were
observed in one post-flood area as well as in one area situated outside the flooded region. Within the remaining areas studied,
the average proportion of withering branch tips ranged from 0.4% to 13.8%.

Statistical analyses showed that differences between the investigated stands with regard to the rate of powdery mildew
occurrence were not significant. Correlating the means, however, revealed a relationship between powdery mildew incidence
and branch tip withering. This relationship is a possible indication of the ongoing oak dieback. No statistically significant re-
lationship between tree defoliation and powdery mildew incidence was found. The lack of statistical significance, as observed
here, implies that water stagnation within the investigated stands had no effect on Erysiphe alphitoides infection.

Keywords: defoliation, branch tip withering, oak decline, Forest District Wotow

decline syndrome has been a consequence of oak vitality
decrease resulted from the effects of various stress factors
increasing tree vulnerability to biotic agents (Oszako 2007).

Since 1997, the Forest District Wolow has experienced
the effects of flood that affected 4075 ha of forests. In 2010,

1. Introduction

In Poland, pedunculate oak (Quercus robur L.) is the most
important deciduous forest tree species in terms of economic
and ecological values. Oak stands cover approximately 6%

of the total forest area in the country (Ceitel 2006). For al-
most 30 years, there has been observed immense oak decline
all through Poland (Przybyt 1995, Oszako 2007, Szewczyk
et al. 2012). Scientists keep providing evidence that the
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the area of the District was deluged again, including oak
stands with decline symptoms.

One of the numerous fungus species taken into account as
responsible for deterioration of oak health state is Erysiphe al-
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phitoides (Griffon & Maubl.) U. Braun & S. Takam — the inju-
rer of oak assimilation apparatus. The fungus causes powdery
mildew disease in oak across all age classes from young to
old trees. Infected leaf areas die prematurely and fall down,
then tree increments decrease, which is followed by increased
vulnerability to other fungal diseases, for example, root rot
caused by fungi from the genus Armilaria. Infected by po-
wdery mildew, oaks often do not achieve the so called winter
maturity stage in good time and become less resistant to har-
mful effects of early frost. The disease incidence is enhanced
by ground water fluctuations (Manka 2005).

The aim of the present study is to determine the share of
oak leaves infected by Erysiphe alphitoides in oak stands
growing in the Forest District Wotow as well as to evaluate
the effects of powdery mildew incidence on the occurrence
of oak decline symptoms.

2. Methods

The study areas were situated in the Odra river valley,
in oak stands within the Forest District Wotow (51°32'N

Table 1. Characteristics of study areas

16°62'E). In this region, the vegetation season lasts 226
days, average annual temperature is +8.2°C and the sum of
precipitation on average amounts to 612 mm. For the study
purpose, there were selected 10 oak stands that were water-
logged during the floods in 1997 and 2010. Characteristics
of the study areas is presented in Table 1 (Forest District
Wotdéw Management Plan 2005). Powdery mildew occur-
rence on leaves was evaluated in 3 selected oak trees on
each study area. There were collected samples of 200 leaves
collected from crown upper parts — those most exposed to
sunlight. Next, based on E. alphitoides disease symptoms,
the percentage share of infected leaves and assimilation
apparatus loss were assessed. At the same time, in 25 oak
trees surrounding the trees sampled, there were estimated
assimilation apparatus losses in accordance with the Atlas of
assimilation apparatus loss elaborated by Borecki and Kec-
zynski (1992) and the percentage of withering branch tips
was determined.

Mean values of the parameters measured and their stand-
ard errors (SE) were computed. Before analysis of variance
(ANOVA) tests, the data obtained was transformed follow-

t Domi t F t
Study area omlr.lan : ores Area (ha) Canopy density
number species site type
1 Db Lt 11.08 moderate canopy
closure
) 8Db Lt 20.58 moderate canopy
2Lp closure
4Db
2Db moderate canopy
L .
3 201 W 369 closure
1Brz
4 Db Lt 7 60 broken canopy
closure
5 9Db Lt 302 moderate canopy
1Lp closure
6 Db L 250 broken canopy
closure
7 7Db Lt 200 moderate canopy
3Lp closure
D k
8 5Db Léw 137 broken canopy
S5Lp closure
9 8Db Lt 168 moderate canopy
2Lp closure
D t
10 9' b Léw 532 moderate canopy
I1Sw closure

Growi .
Z?:;Elg Soil class Age Area type
0.8 II 71 post-flood
1.1 1T 81 post-flood
11
1 .
1.0 I 85 outside flood area
11
0.8 II 96 post-flood
1.0 I 81 post-flood
0.8 I 126/86 post-flood
101
. 1I t-f1
0.9 56 post-flood
1.1 1I 91 post-flood
0.9 1 86 post-flood
0.8 1I 101 outside flood area

Explanations: L§w — fresh hardwood forest, Lw — moist hardwood forest, Lt — flood plain forest, Db — oak, Lp — linden, Ol — alder, Brz — birch, Sw— spruce
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ing the equation z = log,, (y+1). In the case of percent values
(p), the probit function by Bliss was used.

Evaluation of the effect of the study area location was
carried out with the use of one-way ANOVA. The following
statistical model was applied:

where:

Vi~ value of j-th feature in i-th area location
1 — mean value of observed feature,

a,— effect of i-th area location,

e — effect of error.

If the result of ANOVA was positive, that is, the effect of
location of a given area was proved significant, Duncan’s
multiple range test was performed to determine significant
differences between locations. Nonparametric measures of
statistical dependencies between mean values obtained for
the study areas were assessed using the Spearman’s rank
correlation coefficient (Spearman’s rho, Spearman’s)

3. Results

Powdery mildew incidence was observed in 7 out of
10 observed stands. Within the study area No. 1, in each
of analysed trees, the percentage of infected leaves was

Table 2. ANOVA results on crown features observed

3-12%. Within the remaining locations with disease oc-
currence, powdery mildew was most often observed on 2
out of 3 analysed trees. Maximum infection did not exceed
22% of the leaves. The assessment of assimilation apparatus
loss showed that the defoliation degree differed depending
on the study area and was from 18% to 61.4%. Within the
study areas No. 4 and 10, there were observed no withering
branch tips. In the rest of the areas analysed, the percentage
of withering branch tips was from 0.4 to 13.8%. ANOVA
results showed significant differences between the study
areas with reference to defoliation degree and the number
of withering branch tips. However, the differences in the in-
tensity of powdery mildew occurrence within the areas were
not significant (Table 2), hence there are no reasons to conc-
lude that there exists a relationship between flooding and di-
sease occurrence in the stands (Table 3). On the other hand,
correlation between the means proved the existence of the
relationship between powdery mildew presence and withe-
ring branch tips. Within the areas where more withering tips
were found, there was also observed increased incidence
of powdery mildew. The relationship was confirmed by a
high value of rho (0.7165) at p = 0.0197 (< 005). In turn, a
negative correlation (rho —0.4185) was found between tree
defoliation and powdery mildew occurrence. The results of
observations are presented in Table 4.

Defoliation (%) Withering branch tips (%) Leaves infected by powdery mildew (%)
F P F P F P
19.14 0.0000 16.77 0.0000 1.74 0.1444

Table 3. Means and multiple comparison test results on crown features studied

Leaves infected by powdery mildew

Study area Defoliation (%) Withering branch tips (%) %)
number — = —

X SE X SE X SE
1 55.00 ab 4.23 13.80 a 5.12 7.00 NS 2.65
2 61.40b 3.78 5.60b 0.97 0.67 NS 0.67
3 52.00 abc 3.37 7.60 ab 1.48 5.00 NS 5.00
4 50.40 acd 3.03 0.00 ¢ 0.00 0.00 NS 0.00
5 18.00 e 3.10 7.68 ab 1.70 9.33 NS 4.98
6 42.00 cdf 4.12 16.00d 1.63 3.67 NS 2.73
7 35.60 f 2.40 1.20¢ 0.66 0.67 NS 0.33
8 58.80 ab 4.01 0.40c 0.10 0.00 NS 0.00
9 18.60 ¢ 291 5400 1.15 9.67 NS 6.49
10 38.80 df 2.60 0.00 ¢ 0.00 0.00 NS 0.00

Explanations: a, b, ¢ ... numbers in columns marked with same letter do not significantly differ, NS — not significant effect, SE — standard error
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4. Discussion

Powdery mildew caused by E. alphitoides is one of the most
important diseases of pedunculate oak (Q. robur L.) growing
in Europe (Manka 2005; Hajji et al. 2009). It is commonly be-
lieved that the presence of this pathogen is more harmful in
young oak stands when compared to those older. The disease
can have a significant effect on tree survival, since in unison
with other factors, such as defoliation due to insect feeding, po-
wdery mildew can lead to tree death (Delatour 1983; Thomas et
al. 2002; Marcais et al; Breda 2006; Hajji et al. 2009). It seems
that in recent years, powdery mildew has also been a part of the
cause of oak decline in north-western Germany (Thomas et al.

Table 4. Tree parameters studied

2002). Together with insect pests, powdery mildew is listed as
the main factor in oak defoliation. Nevertheless, there can pass
5-10 years from the start of powdery mildew disease to the end
its development and then slow retraction, sometimes finished
with tree healing (Denman et al. 2010).

In the areas under the study, there dominated peduncula-
te oak — a tree species with high capability to regenerate its
crown, followed by restoring its vitality after harmful factor
withdrawal (only within the 1 degree of vitality) (Dmyterko
1998). After flooding in 1997, in forest stands situated in the
valley of the middle Odra river, there was observed an im-
provement of oak crown vitality. Vitality of oak crowns in-
creased and tree defoliation decreased (Dobrowolska 2007).

Selected trees

mean per studied areabased on 25 trees

Study area - — —
leaves infected b, - withering branch _ witherin,
number tree number powdery mildew (Z;)) defoliation (%) tipsfi %) defoliation (%) branch tipsfi %)

1 12 50 5

1 2 3 90 100 55 13.8
3 6 25 25
1 0 40

2 2 0 80 0 61.4 5.6
3 2 60 10
1 0 30

3 2 0 60 5 52 7.6
3 15 80 20
1 0 80 0

4 2 0 60 0 50.4 0
3 0 70 0
1 17 50 10

5 2 0 30 15 18 7.68
3 11 0 20
1 9 30 20

6 2 2 40 20 42 16
3 0 60 20
1 1 50 0

7 2 0 10 0 35.6 1.2
3 1 30 0
1 0 80 0

8 2 0 50 0 58.8 0.4
3 0 30 0
1 22 30 10

9 2 0 50 0 18.6 5.4
3 7 0 0
1 0 10 0

10 2 0 30 0 38.8 0
3 0 60 0
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The results of the present study did not show any significant
relationship between powdery mildew incidence and oak tree
defoliation. Undoubtedly, tree defoliation can also be due to
insect pest feeding. In the stands analysed, there was earlier
observed the browntail moth (Euproctis chrysorrhoea L.). In
2007, this species was observed in solid oak stands as well as
in trees growing on wooded land. Single oaks were always
attacked by this insect (Szewczyk and Czeryba 2010). The
problems connected with foliophages in this area arose pro-
bably in the 1800s, and one of the attempts to control insect
pests was planting late flushing pedunculate oaks (Szewczyk
and Czeryba 2010). These are less vulnerable to damage by
the green oak moth (7ortrix viridiana L.), however — more
sensitive to powdery mildew infection (Hesmer 1955).

No significant differences between the study areas with
regard to the intensity of powdery mildew occurrence sug-
gest that the floods in 1997 and 2010, which caused long-term
waterlogging of forest stand sites, did not enhance fungal in-
fections in these stands at present, that is in 2013. Based on
the results of the present study, the reasons are not to be found
for seeking relationships between stand canopy density (at the
same time — sunlight exposure) and powdery mildew inciden-
ce. Giertych and Suszka (2010) confirmed commonly known
strong relationships between sunlight exposure and E. alphi-
toides infections. Nevertheless, in the present study, there
was observed a significant relationship between the incidence
of powdery mildew and branch tip withering. It seems that
branches attacked by powdery mildew did not achieve the so
called winter maturity on time and were damaged by early
frost (Manka 2005). Leafless and dried out branch tips can be
accounted for as one of the symptoms of oak decline.
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