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Abstract. Black Alder Alnus glutinosa (L.) Gaertn. is an important tree commonly growing in Poland. Alders are actinorhizal plants
that play an important ecological role in riparian ecosystems through atmospheric nitrogen fixation, filtration and purification of
waterlogged soils as well as providing a refuge for terrestrial and aquatic organisms thus helping to stabilize stream banks. Black
Alder used to be considered a very pest and disease resistant species but, the situation changed in 2000, when an unprecedented
decline of Alders was observed in Poland. In the Bialowieza Forest District, this decline has been observed on wet meadow habitats
and along rivers or watercourses.

Currently, there are several hypotheses explaining Alder dieback, among them climatic changes and Phytophthora infections.
In terms of climate, Black Alder requires a high atmospheric humidity during all phases of its reproductive cycle. It tolerates
neither long-term summer flooding nor a significant decrease in the groundwater level. In terms of pests, oomycete pathogens of
the genus Phytophthora are the most destructive plant pathogens known and many of them are present in forests and nurseries
all over Europe.

The aim of this study was to evaluate the health of Black Alder along the Narewka River in the Biatlowieza Forest District.
Selected areas were monitored in 2012 and 2018, but no relationship between drought and alder health was found. A preliminary
analysis of soil and water samples by real time PCR revealed the presence of two Phytophthora species: P. alni and P. cactorum.
Further and more detailed research is required to elucidate the role of these pathogens in Alder dieback.

Keywords: alder, dieback, drought, Phytophthora, PCR
Stewa kluczowe: olsza, zamieranie, susza, Phytophthora, PCR

z grzybami z rodzaju Glomus. Duze zdolno$ci przystoso-
wawcze olszy czarnej umozliwiaja wykorzystywanie jej do

1. Wstep

Olsza czarna Alnus glutinosa (L.) Gaertn. wystepuje
w Europie, na Syberii, w Azji Mniejszej i w poéinocnej Afry-
ce. W Polsce jest gatunkiem waznym z ekologicznego i go-
spodarczego punktu widzenia. Nalezy ona do drzew szybko
rosnacych, jest wiec cenna w kontekscie produkcji drewna
(Jaworski 2011). Olsza czarna jest jedynym drzewem laso-
tworczym w Polsce, ktorego korzenie moga tworzy¢ akti-
noryze¢ z promieniowcami z rodzaju Frankia, ektomykoryze
z wielkoowocnikowymi grzybami i mykoryze arbuskularna

rekultywacji i zalesien zniszczonych gleb i trudnych do za-
lesienia gruntéw (Pancer-Kotejowa, Zarzycki 1980; Jawor-
ski 2011).

Sposrdd rodzimych drzew gatunek ten najlepiej znosi
duza wilgotno$¢ gleby oraz dobrze rozwija si¢ na tere-
nach, gdzie obecne sg wody przeptywowe, chociaz moze
tez wystepowac na terenach z woda stagnujaca. Nie znosi
zarowno dtugotrwatych podtopien letnich, jak i znacznego
obnizenia poziomu wod gruntowych (Sierota 2001), na-
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tomiast potrzebuje wysokiej wilgotnos$ci powietrza utrzy-
mujacej we wszystkich fazach cyklu reprodukcyjnego
(Claessens et al. 2010). Jeszcze do niedawna olsze czar-
na uwazano w Polsce za gatunek o niskim poziomie po-
datnosci na szkodniki i choroby. Sytuacja zmienita si¢ na
przetomie XX i XXI wieku, gdy zaobserwowano zamie-
ranie drzewostanow olszowych (Pigtka, Grzywacz 2018).
W tym wieloczynnikowym zjawisku istotne znaczenie od-
grywajg czynniki abiotyczne, migdzy innymi wystepuja-
ce anomalie pogodowe. Zjawisko masowego zamierania
olszy po raz pierwszy stwierdzono w Wielkiej Brytanii
w 1995 roku (Gibbs 1995). W krétkim czasie rozprzestrze-
nito si¢ ono na cata Europe, dotykajac takze olszy szarej
i sercowatej w Niemczech, Austrii, na Wegrzech oraz
w Polsce i na Stowacji (Brasier et al 1995; Orlikowski et
al. 2003; Jung, Blaschke 2004). Jednym ze szkodliwych
czynnikoéw biotycznych sa legniowce (Oomycetes), ktore
powoduja fytoftoroz¢ w szyjach korzeniowych u podsta-
wy pni zardéwno w szkotkach, jak i w drzewostanach les-
nych. Jako przyczyn¢ choroby uznano jeden z gatunkéw
Phytophthora. Gibbs (1995) opisat go jako takson podob-
ny do Phytophthora cambivora (Petri) Buisman, ktory jest
powszechnym patogenem drzew liSciastych. Nastepnie
Brasier i in. (1999) wykazali, ze patogen ten jest hybry-
da migdzygatunkowa. P6zniejsze badania dowiodly, ze to
hybryda trzech gatunkow: Phytophthora alni Brasier &
S.A. Kirk, Phytophthora multiformis Brasier & S.A. Kirk
i Phytophthora uniformis (Brasier & S.A. Kirk) Husson,
Ioos & Aguayo. Ten ostatni jest gatunkiem diploidalnym,
Phytophthora multiformis jest allotetraploidem, a Phytop-
hthora alni — allotriploidem zawierajacym potowe¢ geno-
mu kazdego z jego rodzicow Phytophthora multiformis
i Phytophthora uniformis (Husson et al. 2015). Gatunki
Phytophthora alni i Phytophthora multiformis sa szeroko
rozpowszechnione w Europie, ale nie zidentyfikowano ich
na innych kontynentach, natomiast Phytophthora unifor-
mis wyizolowano zarowno w Europie, jak i w Ameryce
Potnocnej (Navarro et al. 2015). Dotychczas w Polsce wy-
krywano tylko patogen Phytophthora alni (Trzewik et al.
2008). Oprocz wyzej wymienionych gatunkoéw w ryzosfe-
rze i na pniach olch stwierdzono rowniez obecno$¢ innych
gatunkow Phytophthora: P. cactorum (Lebert & Cohn) J.
Schrét., P. cambivora, P. cinnamomi Rands, P. plurivora
T. Jung and T.I. Burgess, P. gonapodyides (H.E. Petersen)
Buisman, P. megasperma Drechsler, P. pseudosyringae T.
Jung & Delatour, P. syringae (Berk.) Kleb. i P. lacustris
Brasier, Cacciola, Nechwatal, Jung & Bakonyi (Trzewik
et al. 2008). Zrodtem zakazenia moze by¢ zardéwno woda,
jak i gleba z sadzonkami, takze asymptomatycznymi, ktore
nie wykazuja jeszcze objawow chorobowych (Orlikowski
et al. 2013).

Jako przyczyne ostabienia drzew czgsto wskazywano
dlugotrwate susze, dlatego celem niniejszych badan byta
ocena stanu zdrowotnego olsz rosngcych wzdluz ciekdéw
wodnych na terenie Nadle$nictwa Biatowieza. Hipoteza

robocza zakladata, ze wigcej drzew obumarto w dalszej
odlegtosci od zrédta wody, co §wiadczytoby, ze przyczyna
zamierania moglby by¢ niedostatek wody w glebie (susza).

2. Material i metody

W celu okre$lenia przyczyn zjawiska zamierania olszy
czarnej Alnus glutinosa na terenie Nadlesnictwa Bialowie-
za przeprowadzono badania wzdhuz brzegow rzeki Narew-
ka. Wybrano 3 stanowiska obserwacyjne w ekosystemach
nadrzecznych z przewagg olszy, pochodzenia odroslowego
w wieku okoto 3040 lat:

1. drzewostan olszowy na siedlisku olsu (52°69°N;
23°88’E), Nadlesnictwo Bialowieza, lenictwo Stoczek, od-
dziat 476A;

2. olsze rosngce nad rzekg Narewka (52°70° N; 23°84° E);

3. drzewostan olszowy na terenie zalewowym (52°72°N;
23°74° E), Nadlesnictwo Biatowieza, leSnictwo Batorowka,
oddziat 394 Ab.

Do lustracji wybrano odcinki rzeki o dlugosci 100 m
(punkty 11 2) oraz drzewostan olszowy (punkt 3), ktory zo-
stat okresowo podtopiony przez rozlewajace si¢ wody rzeki.

Podczas prac terenowych liczono drzewa zdrowe, chore
i martwe oraz mierzono odlegto$§¢ badanych drzew od
brzegu rzeki. Za drzewa chore uznawano te z azurowg ko-
rong wskutek zamierania pedow i drobnienia lisci, ktore
przybieraly jasniejszy kolor (jasnozottozielony). Badania
prowadzono w 2012 roku oraz od lipca do wrzesnia 2018
roku. W 2018 roku w celu zbadania obecnos$ci Phytop-
hthora z kazdego stanowiska pobrano po probce gleby
spod trzech olsz wykazujacych symptomy choroby, jako
najbardziej prawdopodobnego miejsca wystgpowania tego
patogenu, do analizy metoda real time PCR. Probki gleby
pobierano szpadlem w odleglosci okoto 1 m od pni drzew
z glebokosci 20 cm w dwdch miejscach (okoto 0,5 kg)
i mieszano razem.

Analiza obecnoSci Phytophthora spp.

DNA z probek gleby (0,5 g) wydzielano zestawem
NucleoSpin Soil Kit (Macherey-Nagel, Diiren, Germa-
ny) zgodnie z instrukcja producenta. Obecnos¢ gatunkow
z rodzaju Phytophthora w badanych probkach okre$lano
za pomocg real time PCR. Jako kontrol¢ dodatnig stoso-
wano DNA wydzielone z odpowiedniego gatunku Phy-
tophthora rosnacego na plytce Petriego. Jako kontrole
ujemng do reakcji zamiast DNA dodawano odpowiednia
ilos¢ wody. Reakcje zachodzily w mieszaninie zawieraja-
cej 2 ul roztworu DNA, 10 pl 2 x LuminoCt Master Mix
(Sigma—Aldrich, St. Louis, MO, USA), 2 ul F i R star-
terow (5 uM) i 0,2 ul sondy TagMan (5 uM). Sekwencje
sond i starterow stosowanych w analizie podano w tabe-
li 1. Profil termiczny reakcji: 3 min denaturacja wstep-
na w 95°C; nastgpnie 40 cykli amplifikacji: denaturacja
w 95°C, 30 s; przytaczanie starterow w 55°C, 30 s; synteza
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w 72°C, 30 s (Nowakowska et al. 2016). Do identyfikacji
P. multiformis (poprzednia nazwa P. alni subsp. multifor-
mis) stosowano sondy i startery (Nowakowska et al. 2016),
a do P. cactorum i P. plurivora sondy i startery opisane
w publikacji (Nowakowska et al. 2017). Startery i sonda
do identyfikacji P. alni zostaly zaprojektowane w progra-
mie AlleleID (PREMIER Biosoft International, Palo Alto,
CA, USA) wg standardowych wytycznych dla sond typu
TagMan (Dorak 2006). Startery i sond¢ do detekcji P. alni
zaprojektowano w oparciu o sekwencje¢ ITS (JF300250.1)
dostgpna w banku gené6w NCBI (www.ncbi.nlm.nih.gov).
Sondy znakowano za pomocg fluorescencyjnego barwnika
JOE na koncu 5’ sondy oraz wyciszacza HBQ1 na koncu
3’ (Sigma-Aldrich, St. Louis, MO, USA). Real time PCR
przeprowadzono w aparacie RotorGene 6000 (Qiagen,
Germany).
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Do obliczen statystycznych stosowano program Microsoft
Excel 2019.

3. Wyniki

W obu inwentaryzacjach z 2012 i 2018 roku stwierdzo-
no podobna liczbg drzew martwych (2012 — 11,4%; 2018 —
11,0%), natomiast w 2018 roku byto 2,2 razy wigcej drzew
zdrowych (2012 — 27,8%; 2018 — 61,0%) (tab. 2). Zwigk-
szeniu liczby drzew zdrowych towarzyszylo ponaddwu-
krotne zmniejszenie $redniej odlegtos$ci od wody z 23,3 m
do 9,6 m. W przypadku drzew chorych i martwych $rednia
odlegtos¢ od zrodta wody nie zmienita si¢. Drzewa rosnace
20 m od wody nie wykazywaly zadnych objawdéw choro-
bowych, podczas gdy drzewa rosnace tuz przy brzegu byly
zazwyczaj martwe (tab. 2).

Tabela 1. Sekwencje starterow i sond stosowanych do identyfikacji Phytophthora w analizowanych prébkach

Table 1. Sequence of primers and probes used to identify Phytophthora in the analyzed samples

Gatunek Starter F (5°-3”) Starter R (5°-3°) Sonda (5°-37) Literatura
Species Primer F (5°-37) Primer R (5°-3’) Probe F (5°-37) Refeences
P, alni tgtcgatgt tt, tgggttt: t: 1 t W tym badaniu
g ctgtcgatgtcaaa a aaaagataa acccaaacgetcgecea U
aini gtegatg gttg 228 gataagg geteg in this study
P. multiformis ccgtatcaacccacttag cacagtatgttcagtattcaa cggectggctgtcgatatca Nowakowska et al. 2016
P, cactorum acgtgaaccgtttcaaac cagccgccaacaataaag cagccgecaccagacaagac Nowakowska et al. 2017
P. plurivora ccgtatcaacccttttag gcagtataatcagtattgtaga ccccgeagtataatcagtattgtagaa ~ Nowakowska et al. 2017

Tabela 2. Liczba zdrowych, chorych i martwych drzew w zalezn
Table 2. Number of healthy, sick and dead tress depending on the di

osci od odleglosci do koryta rzeki Narewka
stance to the bank of the Narewka River

Srednia odleglos¢ od koryta rzeki

Liczba drzew

Srednia odleglo§¢ od koryta rzeki
Srednia odleglos¢ od koryta rzeki Liczba drzew

Drzewa [m] £ SEM w 2012 r. Number of [m] £ SEM w 2018 r. Number of
Trees Mean distance from the bank of river utr ero Mean distance from the bank of river utr ero
[m] + SEM in 2012 ees [m] + SEM in 2018 ees

D

rzewa zdrowe 233+7,22 22 9,6+ 3,38 50
Healthy trees
D h

rzewa chore 9,3+ 4,58 48 9,3 + 4,06 23
Sick trees
D

rzewa martwe 3,44 1,60 9 3,44 2,67 9
Dead trees
Razem

2

Total 7 8

Drzewa zdrowe 2012-2018, p<0,01 / Healthy trees 2012-2018, p<0,01

Drzewa zdrowe — chore 2012, p<0,01 / Healthy trees — sick trees 2012, p<0,01
Drzewa chore — martwe 2012, p<0,05 / Sick trees — dead trees 2012, p<0,05
Drzewa chore — martwe 2018, p<0,01 / Sick trees — dead trees 2018, p<0,01
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Real time PCR pozwala wykry¢ obecno$¢ Phytophthora
w probkach gleby. Wynik reakcji jest wyrazany jako warto$¢
cyklu progowego C, (threshold cycle), oznaczajaca numer
cyklu PCR, w ktorym aparat wykryt emisj¢ fluorescencji
sondy w badanej probce. Im nizsza warto$¢ C,, tym wigksza
ilo$¢ patogenu. Warto$¢ C, powyzej 40 Swiadczyla o braku
obecnosci DNA badanego gatunku w probcee. Analiza wyka-
zata obecnos¢ w glebie dwoch patogenow: P. alni (C;=35,57)
na stanowisku 2 i P. cactorum (C=36,77) na stanowisku
3 (tab. 3). Analiza nie wykazata obecno$ci P. multiformis
i P. plurivora w badanych probkach gleby.

4. Dyskusja

Poczatkowo sadzono, ze zamieranie olsz moze by¢ spo-
wodowane suszg (Oszako 2005), jednak obecne badania
wykazaly, ze najwi¢cej drzew martwych jest nad brzegiem
rzeki (tab. 2). Dluga susza, wystgpujaca w Biatowiezy
w 2015 roku (Nowakowska et al. 2020), mogla by¢ przy-
czyna tego, ze w 2018 r. zdrowe drzewa zlokalizowane bytly
blizej rzeki niz w 2012 r. W potudniowo-wschodniej Pol-

Tabela 3. Analiza obecnosci Phytophthora w prébkach gleby
Table 3. Analysis of the presence of Phytophthora in soil samples

sce stwierdzono wystgpowanie dziesi¢ciu gatunkow Phy-
tophthora, w tym roéwniez P. alni i P. cactorum na pniach
i w ryzosferze olszy (Trzewik et al. 2015). Wystgpowa-
nie P. cactorum odnotowano nad Zalewem Siemianowka
potozonym na terenie dwoch panstw — Biatorusi i Polski
(Malewski et al. 2019). W olsach Bialorusi stwierdzono
wystepowanie P. alni (Zviagintsev et al. 2015). Narewka
wyptywa z uroczyska Dziki Nikor i Kuty na terytorium
Biatorusi na wysokosci 159 m n.p.m. i wptywa do Narwi
na wysokos$ci 137 m n.p.m. (Gérniak 2006). Zatem Phy-
tophthora moze przenosi¢ si¢ z jej wodami (Cahill et al.
2008), a r6znica poziomoéw zapewnia zarodnikom ptywko-
wym mozliwos$¢ przemieszczania si¢ wraz z pradem i in-
fekowanie napotkanych drzew. Wystepowanie P. cactorum
zaobserwowano rowniez na odcinku polsko-ukrainskim
w rejonie Wlodzimierza Wotynskiego, Jarostawia i Medy-
ki (Matsiakh et al. 2016).

Phytophthora moze by¢ przenoszona nie tylko przez
wode, ale i przez ptaki. Szczegdlnie czgsto P cactorum
przenosza: czyz Carduelis spinus, dzwoniec zwyczajny
Chloris chloris L. i modraszka Parus caeruleus L. (Ma-

Wartos$¢ C,
Stanowisko C; value
Place .
Probk:
robka P alni P. cactorum P. multiformis P. plurivora
Sample

Stanowisko 1 Prébka 1 >40 >40 >4() >4()
Sample 1
Prébka 2

Place 1 robka >4(0) >4() >4() >40
Sample 2

Probka 3 >40 40 40 >40
Sample 3

Stanowisko 2 Prébka 1 >40 >40 >4() >4()
Sample 1
Probka 2

Place 2 robka >40 36,77 >40 >40
Sample 2

Prébka 3 >40 40 40 >40
Sample 3
Probka 1

Stanowisko 3 robka 35,57 >40 >40 >40
Sample 1

Place 3 Prébka 2 >40 >40 ~40 ~40
Sample 2

Probka 3 40 40 40 40

Sample 3
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lewski et al. 2019). Bioragc pod uwage wystgpowanie
Phytophthora nad Zalewem Siemiandéwka i wzdluz pol-
sko-ukrainskiej granicy, mozna oczekiwaé, ze wystepuje
ona réwniez w naturalnych zbiorowiskach lesnych Pusz-
czy Biatowieskiej. Stwierdzenie obecnos$ci Phytophthora
w probkach gleby pobranych spod chorych olsz sugeruje,
ze moze ona by¢ przyczyng ich zamierania w Nadle$ni-
ctwie Bialowieza.

5. Whnioski

Najwigksza liczba chorych i martwych olsz wystepuje
najblizej brzegu rzeki Narewka, co upowaznia do odrzucenia
zatozonej hipotezy o niedostatku wody w glebie jako przy-
czynie ich zamierania.

W probach gleby pobranych z terenu Nadlesnictwa Biato-
wieza stwierdzono (metoda real time PCR) obecno$¢ dwoch
patogenow: P. alni i P. cactorum.
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Abstract. Black Alder Alnus glutinosa (L.) Gaertn. is an important tree commonly growing in Poland. Alders are actinorhizal
plants that play an important ecological role in riparian ecosystems through atmospheric nitrogen fixation, filtration and
purification of waterlogged soils as well as providing a refuge for terrestrial and aquatic organisms thus helping to stabilize
stream banks. Black Alder used to be considered a very pest and disease resistant species but, the situation changed in 2000,
when an unprecedented decline of Alders was observed in Poland. In the Bialowieza Forest District, this decline has been
observed on wet meadow habitats and along rivers or watercourses.

Currently, there are several hypotheses explaining Alder dieback, among them climatic changes and Phytophthora infec-
tions. In terms of climate, Black Alder requires a high atmospheric humidity during all phases of its reproductive cycle. It
tolerates neither long-term summer flooding nor a significant decrease in the groundwater level. In terms of pests, oomycete
pathogens of the genus Phytophthora are the most destructive plant pathogens known and many of them are present in forests
and nurseries all over Europe.

The aim of this study was to evaluate the health of Black Alder along the Narewka River in the Bialowieza Forest District.
Selected areas were monitored in 2012 and 2018, but no relationship between drought and alder health was found. A prelimi-
nary analysis of soil and water samples by real time PCR revealed the presence of two Phytophthora species: P. alni and P.
cactorum. Further and more detailed research is required to elucidate the role of these pathogens in Alder dieback.

Keywords: alder, dieback, drought, Phytophthora, PCR

Frankia, ectomycorrhizae with large fruiting fungi and
arbuscular mycorrhizae with fungi of the genus Glomus.
The high adaptability of black alder allows it to be used
for reclamation and afforestation on soils that are damaged

1. Introduction

Common alder Alnus glutinosa (L.) Gaertn. is found in
Europe, Siberia, Asia Minor and North Africa. In Poland,

it is an important species from an ecological and economic
point of view. It is a fast-growing tree, and thus valuable
in the context of wood production (Jaworski 2011). Black
alder is the only forest-forming tree in Poland whose roots
can form actinorhizae with actinomycetes of the genus
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and difficult to afforest (Pancer-Kotejowa, Zarzycki 1980;
Jaworski 2011).

Of the native trees, this species tolerates high soil mo-
isture best and thrives in areas where flowing water is
present, although it can also occur in areas with stagnant
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water. It does not tolerate both long-term summer flo-
oding and a significant reduction in groundwater levels
(Orphanage 2001), but needs high air humidity for its ma-
intenance in all phases of the reproductive cycle (Claes-
sens et al. 2010). Until recently in Poland, black alder was
considered to be a species with a low level of susceptibili-
ty to pests and diseases. This situation changed at the turn
of the 215t century, when the dieback of alder stands was
observed (Pig¢tka, Grzywacz 2018). In this multifactorial
phenomenon, abiotic factors, including weather anoma-
lies, play an important role. The phenomenon of the mass
dieback of alder stands was first confirmed in Great Bri-
tain in 1995 (Gibbs 1995). In a short period of time, it
spread throughout Europe, also affecting grey and Italian
alder in Germany, Austria, Hungary, Poland and Slovakia
(Brasier et al 1995; Orlikowski et al. 2003; Jung, Bla-
schke 2004). One of the harmful biotic factors are oomy-
cetes, which cause phytophthorosis in the root collar at
the base of stems in both nurseries and forest stands. One
of the Phytophthora species was identified as the cause of
the disease. Gibbs (1995) described it as a taxon similar
to Phytophthora cambivora (Petri) Buisman, which is a
common pathogen of deciduous trees. Then, Brasier et al.
(1999) demonstrated that this pathogen is an inter-species
hybrid. Later studies proved that it is a hybrid of three
species: Phytophthora alni Brasier & S.A. Kirk, Phyto-
phthora multiformis and Phytophthora uniformis (Brasier
& S.A. Kirk) Husson, loos & Aguayo. The latter Phyto-
phthora is a diploid species, Phytophthora multiformis is
an allotetraploid and Phytophthora alni is an allotriploid
containing half the genome of each of its parents Phyto-
phthora multiformis and Phytophthora uniformis (Husson
et al. 2015). The species Phytophthora alni and Phyto-
phthora multiformis are widespread in Europe, but have
not been identified in other continents, while Phytophthora
uniformis has been isolated both in Europe and North Ame-
rica (Navarro et al. 2015). So far, only the pathogen Phy-
tophthora uniformis has been detected in Poland (Trzewik
et al. 2008). Apart from the above-mentioned ones, other
Phytophthora species have also been found in the rhizos-
phere and on the trunks of alder: Phytophthora cactorum
(Lebert& Cohn) J. Schrét., Phytophthora cambivora, Phy-
tophthora cinnamomi Rands, Phytophthora plurivora T.
Jung and T.I. Burgess, Phytophthora gonapodyides (H.E.
Petersen) Buisman, Phytophthora megasperma Drech-
sler, Phytophthora pseudosyringae T. Jung & Delatour,
Phytophthora syringae (Berk.) Kleb. and P. lacustris Bra-
sier, Cacciola, Nechwatal, Jung & Bakonyi (Trzewik et
al. 2008). The source of infection can be both water and
soil with seedlings, also asymptomatic, which do not yet
exhibit any symptoms (Orlikowski et al. 2013).

Long-term droughts have often been indicated as the
cause of weakening trees; therefore, the aim of this study
was to assess the health condition of alders growing along
watercourses in the Biatowieza Forest District. The wor-
king hypothesis assumed that more trees died further
away from the water source, which would indicate that
the cause of death could be the shortage of water in the
soil (drought).

2. Material and methods

In order to determine the causes of the phenomenon of
black alder A/nus glutinosa dieback in the Bialowieza Forest
District, research was conducted along the banks of the Na-
rewka River. Three observation sites were chosen in riparian
ecosystems with a predominance of alder trees of coppice
origin at the age of about 3040 years:

1. Alder stand in alder carr habitat ( 52°69°N; 23°88°E),
Bialowieza Forest District, Stoczek Forest Unit, Section
476A;

2. Alders growing along the Narewka River (52°70’ N;
23°84’ E);

3. Alder stand in a flood plain (52°72°N; 23°74’ E), Bia-
lowieza Forest District, Batoréwka Forest Unit, Section
394 Ab.

River sections of 100 m long (Sites 1 and 2) and the alder
stand (Site 3), which was periodically flooded by water
overflowing the river, were selected for the survey.

During the fieldwork, healthy, sick and dead trees
were counted, and their distance from the river bank was
measured. Sick trees were considered to be those with
sparse crowns resulting from dying shoots and smaller
than usual leaves, which took on a lighter colour (light
yellowish-green). The research was conducted in 2012
and from July to September 2018. In order to examine
the presence of Phytophthora, a soil sample was taken
in 2018 at each site from under three alders with symp-
toms of disease (as the most probable location of this pa-
thogen) for analysis by real-time PCR. Soil samples were
taken with a spade in two locations at a distance of about
1 m from the tree trunks at a depth of 20 cm (about 0.5 kg)
and mixed together.

Analysis of the presence of Phytophthora spp.

DNA from the soil samples (0.5 g) was isolated with
the NucleoSpinSoil Kit (Macherey-Nagel, Diiren, Ger-
many) according to the manufacturer’s instructions. The
presence of species of the genus Phytophthora was deter-
mined by means of real-time PCR. As a positive control,
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DNA isolated from the relevant Phytophthora species
growing in Petri dishes was used. As a negative control,
an appropriate amount of water was added to the reaction
instead of DNA. Reactions took place in a mixture conta-
ining 2 ul DNA solution, 10 pl 2 x LuminoCt Master Mix
(Sigma-Aldrich, St. Louis, MO, USA), 2 ul F and R starters
(5 uM) and 0.2 pl TagMan probe (5 uM). The probe and
primer sequences used in the analysis are listed in Table
1. The Reaction Thermal Profile: 3 min predenaturation at
95°C; then 40 amplification cycles: denaturation at 95°C,
30 s; primer annealing at 55°C, 30 s; synthesis at 72°C, 30
s (Nowakowska et al. 2016). In order to identify Phyto-
phthora multiformis (previous name Phytophthora alni sub
sp. multiformis), probes and primers were used (Nowakow-
ska et al. 2016), and for Phytophthora cactorum and Phy-
tophthora plurivora, the probes and primers described in
the publication (Nowakowska et al. 2017). The starters and
probe to identify Phytophthora alni were designed in the
Allele ID program (PREMIER Biosoft International, Palo
Alto, CA, USA) according to the standard guidelines for
TagMan-type probes (Dorak 2006). Starters and the probe
to detect Phytophthora alni were designed based on the
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ITS sequence (JF300250.1) available in the NCBI gene
bank (www.ncbi.nlm.nih.gov). The probes were marked
with the fluorescent dye JOE at the end of the 5’ probe
and an HBQ1 silencer at the end of 3* (Sigma-Aldrich, St.
Louis, MO, USA). Real-time PCR was performed in the
Rotor Gene 6000 cycler (Qiagen, Germany).

The Microsoft Excel 2019 program was used for the sta-
tistical calculations.

3. Results

Both inventories from 2012 and 2018 showed a simi-
lar number of dead trees (2012 — 11.4%; 2018 — 11.0%),
while in 2018, there were 2.2 times more healthy trees
(2012 — 27.8%; 2018 — 61.0%) (Table 2). The increase in
the number of healthy trees was accompanied by a more
than two-fold decrease in the average distance from water,
from 23.3 m to 9.6 m. In the case of sick and dead trees,
the average distance from the water source did not change.
Trees growing 20 m from water did not show any symp-
toms of disease, while trees growing just along the banks
were usually dead (Table 2).

Table 1. Sequence of primers and probes used to identify Phytophthora in the analyzed samples

Species Primer F (5’-3") Primer R (5°-3°) Probe F (5°-3°) Refeences
P, alni ctgtcgatgtcaaagttg atgggtttaaaagataagg acccaaacgctcgecat in this study
P. multiformis ccgtatcaacccacttag cacagtatgttcagtattcaa cggectggctgtcgatatca Nowakowska et al. 2016
P cactorum acgtgaaccgtttcaaac cagccgccaacaataaag cagccgecaccagacaagac Nowakowska et al. 2017
P, plurivora ccgtatcaacccttttag gcagtataatcagtattgtaga ccccgeagtataatcagtattgtagaa Nowakowska et al. 2017

Table 2. Number of healthy, sick and dead tress depending on the distance to the bank of the Narewka River

Trees Mean distance from the bank of river Number of Mean distance from the bank of river Number of
[m] £ SEM in 2012 trees [m]+ SEM in 2018 trees
Healthy trees 23.3+£7.22 22 9.6 +3.38 50
Sick trees 9.3+4.58 48 9.3+4.06 23
Dead trees 34+1.60 9 344267 9
Total 79 82

Healthy trees 2012-2018, p<0,01
Healthy trees — sick trees 2012, p<0,01
Sick trees — dead trees 2012, p<0,05
Sick trees — dead trees 2018, p<0,01
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Real-time PCR allowed the presence of Phytophthora to
be detected in the soil samples. The result of the reaction
is expressed as the Ct (threshold cycle) value, which is the
number of the PCR cycle in which the instrument detected
the fluorescence emission of the probe in the tested sam-
ple. The lower the Ct value, the greater the amount of the
pathogen. A Ct value above 40 indicated the absence of the
tested species’ DNA in the sample. The analysis showed the
presence of two pathogens in the soil: Phytophthora alni
(Ct=35.57) in Site 2 and Phytophthora cactorum (Ct=36.77)
in Site 3 (Table 3). The analysis did not reveal the presence
of Phytophthora multiformis or Phytophthora plurivora in
the tested soil samples.

4. Discussion

It was initially thought that alder dieback may be cau-
sed by drought (Oszako 2005), but current research has
shown that most of the dead trees are on the river bank
(Table 2). The long drought occurring in Biatowieza in
2015 (Nowakowska et al. 2020) may have been the cause
of the observation that in 2018, healthy trees were located
closer to the river than in 2012. In south-eastern Poland,
ten Phytophthora species have been found, including Phy-
tophthora alni and Phytophthora cactorum, on trunks and
in the rhizosphere of alders (Trzewik et al. 2015). The oc-
currence of Phytophthora cactorum was recorded around
the Siemianéwka Reservoir, located in two countries — Be-
larus and Poland (Malewski et al. 2019). Phytophthora alni

Table 3. Analysis of the presence of Phytophthora in soil samples

(Zviagintsev et al. 2015) was found in the alder forests of
Belarus. The Narewka River flows out of the Dziki Nikor
and Kuty wilderness areas in Belarus at an altitude of 159
m and flows into the Narew River at an altitude of 137 m
above sea level. (Gorniak 2006). Thus, Phytophthora can
move with its waters (Cahill et al. 2008), and the difference
in the levels ensures that the buoyant spores can move with
the current and infect encountered trees. The occurrence
of Phytophthora cactorum was also observed along the
Polish-Ukrainian river section in the area of Wtodzimierz
Wotynski, Jarostaw and Medyka (Matsiakh et al. 2016).

Phytophthora can be carried not only by water but also by
birds. Phytophthora cactorum is especially often carried by:
the Eurasian siskin Carduelis spinus, the greenfinch Chloris
chloris L. and the blue tit Paruscae ruleus L. (Malewski et
al. 2019). Taking into account the presence of Phytophthora
along the Siemianowka Reservoir and the Polish-Ukrainian
border, it can be expected that it also occurs in the natural
forest communities of the Biatowieza Forest. Confirmation
of Phytophthora’s presence in the soil samples taken from
under the alder trees suggests that this may be the cause of
their dieback in the Biatowieza Forest District.

Conclusions

The largest number of sick and dead alders is closest to
the bank of the Narewka River, which allows us to reject the
assumed hypothesis of water shortage in the soil as the cause
of their dying.

C, value
Place
Sample P alni P. cactorum P. multiformis P, plurivora
Sample 1 >40 >40 >4() >40
Place 1 Sample 2 >40 >40 >4( >40
Sample 3 >40 >40 >40 >4(0)
Sample 1 >40 >40) >40 >4()
Place 2 Sample 2 >40 36,77 >40 >40
Sample 3 >40 >4() >40 >4()
Sample 1 35,57 >40 >40 >4(0
Place 3 Sample 2 >40 >4(0 >4() >4(
Sample 3 >40 >4(0 >4() >4(




T. Malewski et al. / Le$ne Prace Badawcze, 2020, Vol. 81 (4): 147-152 151

Two pathogens were found (using the real-time PCR me-
thod): P, alni and P. cactorum in soil samples taken from the
Biatowieza Forest District.
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