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Abstract

Two year study was carried out in the Jagiellonian University Botanical Garden
(Cracow) on azaleas with seasonal or two-seasonal leaves. The study included as-
sessment of health status, and identification of fungi inhabiting leaf spots and
necroses. From green leaves Alternaria alternata, Epicoccum purpurascens, Humicola
fuscoatra v. fuscoatra, Penicillium expansum, Pestalotia sydowiana, and Phoma macrostoma
were often isolated. Fallen leaves were mainly inhabited by: A. alternata, P.
expansum, Penicillium lividum, P. sydowiana, Pestalotia truncata and Ph. macrostoma. The
health status of azaleas in the Botanical Garden has been defined as fairly satisfac-
tory, although infection by the fungi resulted in the occurrence of distinct spots,
necroses, and with premature leaf falling, what diminished aesthetic value of in-
fected specimens.
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Introduction

Azaleas (Rhododendron) with seasonal, falling every winter, or two-seasonal
leaves are the real decorative constituent of the ericaceous plant collection, repre-
senting resources of the Jagiellonian University Botanical Garden. Azalea shrubs
belonging to the appropriate species, or even cultivar, are characterized by rather
short period of flowering. Thus, the decorative value is particularly ensured by at-
tractive foliage (Czekalski 2008). Unfortunately, on the surface of leaf blades di-
verse types of discolorations, spots and necroses have been frequently observed,
which could have been caused by fungi inhabiting leaf tissue. The symptoms men-
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tioned above were accompanied with deformations, and premature fall of leaves
(Kowalik et al. 2006, Kowalik 2008, 2009). For the above mentioned reasons, the
aim of this study was identification of fungi inhabiting the spots (possible infective
factor responsible for spots and necroses) of azaleas accounted for JU Botanical
Garden collection.

Materials and methods

The research was performed in the vegetative period of 2009 and 2010, on sev-
eral specimens of pontic azalea (golden rhododendron) (Azalea pontica, syn. Rhodo-
dendron luteum), Dahuria azalea (Rhododendron dauricum) and Chinese azalea (Azalea
obtusa, syn. Rhododendron molle). Analysis of health status was carried out five
times, from May to September. Collected leaves with symptoms of spots and
necroses (500 fragments were taken from leaving green leaves, and 500 fragments
from fallen leaves respectively) were used in laboratory tests. Isolation and cultiva-
tion of fungi was carried out according to standard methods used in phyto-
pathology, and the identification to the species on the basis of mycological keys:
Guba (1961), Domsch et al. (1980), Sutton (1980), Ellis and Ellis (1987).

Results and discussion

In two successive growing seasons on azalea leaves discolorations and spots of
different shape, color and size were visible. In May and June spots were located on
the edges and peak of the leaf blade. Later, they were getting larger, covering al-
most the whole blade, and tissue around them have become light red in color. The
spots and necroses were present on both green and on fallen leaves. Infected leaves
have fallen prematurely.

As a result of mycological analysis of plant material 2635 fungi colonies, be-
longing to the genera: Acremonium, Alternaria, Arthrinium, Aspergillus, Chaetomium,
Cladosporium, Coelophoma, Cylindrocarpon, Drechslera, Epicoccum, Farrowia, Fusarium,
Gilmaniella, Humicola, Metarrhizium, Mortierella, Mucor, Mycosphaerella, Myrothecium,
Oidiodendron, Paeciliomyces, Papulaspora, Penicillium, Pestalotia, Phialophora, Phoma,
Rhizomucor, Rhizopus, Sordaria, Talaromyces, Trichoderma, and Ulocladium, were iso-
lated. The community of fungi isolated from green and from fallen leaves with
spots and necroses differed significantly in colony number and species diversity
(Tables 1 and 2).

From affected green leaves 1461 colonies were isolated, representing 49 spe-
cies. Dominant species proved to be: Alternaria alternata (24.3% of the total fungi
community), Penicillium expansum (21.1%), Pestalotia sydowiana (6.7%) and Phoma
macrostoma (5.13%). From tissues with spots and necroses following species were
isolated: Epicoccum purpurascens, Humicola fuscoatra v. fuscoatra, Humicola grisea v.
grisea, Penicillium verrucosum v. verrucosum (constituting more than 3% of total iso-
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Table 1
Fungi isolated from affected evergreen leaves of Rhododendron

Species Frequency Percentage

1 2 3

Acremonium butyri 9 0.62

Alternaria alternata 355 24.30

Aspergillus niger 9 0.62

Aspergillus oryzae 18 1.23

Aspergillus terreus 1 0.07

Chaetomium crispatum 2 0.14

Cladosporium herbarum 4 0.27

Coleophoma empetri 1 0.07

Cylindrocarpon destructans 1 0.07

Drechslera poae 1 0.07

Epicoccum purpurascens 67 4.60

Fusarium culmorum 24 1.64

Fusarium flocciferum 1 0.07

Fusarium heterosporum 1 0.07

Fusarium lateritium 2 0.14

Fusarium poae 30 2.05

Humicola fuscoatra v. fuscoatra 66 4.51

Humicola grisea v. grisea 49 3.35

Metarrhizium anisopliae 8 0.54

Mortierella isabellina 7 0.48

Mortierella parvispora 2 0.14

Mortierella vinacea 11 0.75

Mucor hiemalis f. hiemalis 10 0.68

Mycosphaerella rhododendri 16 1.10

Myrothecium roridum 1 0.07

Papulaspora immersa 1 0.07

Penicillium citrinum 34 2.32

Penicillium expansum 308 21.10

Penicillium herquei 1 0.07

Penicillium verrucosum v. verrucosum 50 3.42

Penicillium waksmanii 1 0.07

Pestalotia sydowiana 98 6.70

Pestalotia truncata 41 2.80

Phialophora cinerescens 15 1.03

Phialophora cyclaminis 37 2.53

Phialophora fastigiata 6 0.41
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1 2 3

Phialophora richardsiae 4 0.27

Phoma chrysanthemicola 8 0.54

Phoma eupyrena 5 0.34

Phoma leveillei 2 0.14

Phoma macrostoma 75 5.13

Rhizomucor pusillus 2 0.14

Rhizopus stolonifer 2 0.14

Sordaria fimicola 2 0.14

Trichoderma harzianum 16 1.10

Trichoderma koningii 7 0.48

Trichoderma polysporum 8 0.54

Trichoderma viride 30 2.05

Ulocladium botrytis 12 0.82

Total 1 461 100.00

Table 1 – cont.

Table 2
Fungi isolated from affected fallen leaves of Rhododendron

Species Frequency Percentage

1 2 3

Alternaria alternata 172 14.65

Arthrinium phaeospermum 2 0.17

Aspergillus niger 8 0.68

Aspergillus versicolor 2 0.17

Chaetomium globosum 6 0.51

Cladosporium cladosporioides 1 0.08

Cylindrocarpon destructans 1 0.08

Epicoccum purpurascens 40 3.40

Farrowia seminuda 4 0.34

Fusarium culmorum 29 2.50

Fusarium flocciferum 7 0.60

Fusarium heterosporum 1 0.08

Fusarium oxysporum 5 0.42

Fusarium poae 2 0.17

Gilmaniella humicola 9 0.77

Humicola grisea v. grisea 12 1.02

Mortierella alpina 4 0.34

Mortierella bainieri 4 0.34

Mortierella isabellina 44 3.74



lated colonies). Those diseased tissues were also inhabited by Aspergillus oryzae,
Fusarium culmorum, F. poae, Mycosphaerella rhododendri, Penicillium citrinum, Pestalotia
truncata, Phialophora cinerescens, Ph. cyclaminis, Trichoderma harzianum and T. viride,
constituting from 1 to 3% of total colony number. Over 30 species of fungi inhab-
ited leaves with a small frequency, their colonies constituted less than 1% of the
total number of isolated colonies (Table 1).

From the necrotic tissues of affected fallen leaves 1174 fungi colonies were iso-
lated, representing 46 species. Fungi: P. sydowiana, A. alternata, P. expansum and P.
truncata dominated in both growing seasons, constituting 56.81% of the total num-
ber of isolated colonies. Fungi of the genus Penicillium: P. cremeo-griseum, P. expan-
sum, P. herquei, P. implicatum, P. lividum, P. waksmanii and P. verrucosum v. cyclopium
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1 2 3

Oidiodendron griseum 2 0.17

Oidiodendron tenuissimum 6 0.51

Paeciliomyces carneus 2 0.17

Papulaspora irregularis 7 0.60

Penicillium cremeo-griseum 2 0.17

Penicillium expansum 147 12.52

Penicillium herquei 22 1.90

Penicillium implicatum 6 0.51

Penicillium lividum 72 6.13

Penicillium verrucosum v. verrucosum 18 1.53

Penicillium waksmanii 13 1.11

Pestalotia sydowiana 255 21.72

Pestalotia truncata 93 7.92

Phialophora cinerescens 1 0.08

Phialophora cyclaminis 22 1.90

Phialophora richardsiae 6 0.51

Phoma chrysanthemicola 3 0.25

Phoma exigua v. exigua 17 1.45

Phoma herbarum 1 0.08

Phoma macrostoma 53 4.51

Rhizomucor pusillus 3 0.25

Sordaria fimicola 8 0.68

Talaromyces wortmannii 11 0.94

Trichoderma koningii 36 3.06

Trichoderma piluliferum 3 0.25

Trichoderma polysporum 2 0.17

Trichoderma viride 10 0.85

Total 1 174 100.00

Table 2 – cont.



constituted above 23% of all colonies. The fallen leaves were inhabited also by gen-
era: Epicoccum, Fusarium, Mortierella, Phoma and Trichoderma, with the predominance
of E. purpurascens, F. culmorum, M. isabellina and Ph. macrostoma (Table 2). Besides,
more than 30 species of fungi inhabited fallen leaves occasionally, with rather
small frequency.

Fungi: Acremonium butyri, Aspergillus terreus, A. oryzae, Chaetomium crispatum,
Cladosporium herbarum, Coleophoma empetri, Drechslera poae, Fusarium lateritium, Humi-
cola fuscoatra var. fuscoatra, Mortierella parvispora, M. vinacea, Mycosphaerella rhodo-
dendri, Metarrhizium anisopliae, Mucor hiemalis f. hiemalis, Papulaspora immersa,
Penicillium citrinum, Phialophora fastigiata, Phoma eupyrena, Ph. leveillei, Trichoderma
harzianum and Ulocladium botrytis inhabited only live, green azalea leaves, whereas
Arthrinium phaeospermum, Aspergillus versicolor, Chaetomium globosum, Cladosporium
cladosporioides, Farrowia seminuda, Fusarium oxysporum, Gilmaniella humicola, Mortie-
rella alpina, M. bainieri, Paecilomyces carneus, Papulaspora irregularis, Phoma exigua v.
exigua, Ph. herbarum, Penicillium cremeo-griseum, P. lividum, P. implicatum, Oidiodendron
griseum, O. tenuissimum, Talaromyces wortmannii and Trichoderma piluliferum were diag-
nosed only in necrotic, fallen leaves.

The presence of numerous fungi genera on azalea leaves shows that the pres-
sure of pathogens and saprotrophs in the Botanical Garden could be treated as
greater than those usually existing in nursery facilities (Kowalik et al. 2006). Com-
paring the fungi colonizing living green and fallen leaves, it was found, that P.
sydowiana was the species, which most commonly inhabited fallen leaves, and A.
alternata and P. expansum – the green leaves. These fungi were connected with ex-
tensive leaf necroses, which significantly decreased the decorative value of plants.
Frequent occurrence of P. sydowiana and P. truncata in the phyllosphere of azaleas
and rhododendrons was reported by Kita and Mazurek (2003), Kowalik (2009),
Kowalik et al. (2010 b), while A. alternata and P. expansum are examples of species
considered more commonly occurring on living and dead leaves of azaleas and rho-
dodendrons (Kowalik et al. 2010 a). Colonization by the toxin producing fungus A.
alternata significantly contributes to the formation of necrotic spots, dying and se-
vere premature leaf fall of rhododendrons (Kowalik et al. 2006, Kowalik and Muras
2007, Kowalik 2008). The major Alternaria metabolites include alternariol, ten-
toxin and tenuazonic acid, showing severe toxicity in relation to horticultural
crops (Alternaria... 1992).

According to the literature discolorations, spots and necroses on the green and
fallen leaves of Rhododendron species were also induced as a result of infection with
Cylindrocarpon or with Fusarium, and saprotrophic species from the genera: Acre-
monium, Aspergillus, Cladosporium, Epicoccum, Humicola, Sordaria, which intensified
the process of leaves necrotization. These genera are quoted in the literature as the
main fungi inhabiting the dying rhododendron leaves (Kowalik 2008, Kowalik et
al. 2010 a). On infected leaves Botrytis cinerea, Colletotrichum gloeosporioides, Cylin-
drocladium scoparium, Rhizoctonia solani and Septoria azalea, which are known as caus-
ing agents of grey mould and leaf spots (Werner and Kwaśna 1998, Łabanowski et
al. 2001, Kowalik 2008), were not diagnosed. In the literature (Łabanowski et al.
2001, Orlikowski and Szkuta 2003, Skrzypczak and Sroczyński 2010) there is a
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perception, that the fungi-like organisms of the genus Phytophthora dominate
among the pathogens constituting real threat to azaleas and evergreen rhododen-
drons. In this study the presence of the Phytophthora spp. on infected leaf blades
were not observed.

To sum up: the health status of azaleas remaining in collection of the Jagiello-
nian University Botanical Garden was defined as fairly good, although spots and
necroses visible on leaves can considerably decrease their decorative values. The
most commonly occurring fungi on green leaves with faint necroses were: A.
alternata, E. purpurascens, H. fuscoatra v. fuscoatra, P. expansum, P. sydowiana and Ph.
macrostoma, whereas on the fallen leaves: A. alternata, P. expansum, P. lividum, P.
sydowiana, P. truncata and Ph. macrostoma. Communities of fungi isolated from
symptomatic green or fallen leaves varied considerably in terms of colony number
and species diversity.

Streszczenie

GRZYBY ZASIEDLAJĄCE PLAMISTOŚCI I NEKROZY
NA LIŚCIACH AZALII (RHODODENDRON) W OGRODZIE BOTANICZNYM

UNIWERSYTETU JAGIELLOŃSKIEGO

Badania prowadzono w Ogrodzie Botanicznym Uniwersytetu Jagiellońskiego w
Krakowie w latach 2009–2010 na azaliach (Rhododendron) o liściach sezonowych,
opadających na zimę, i dwusezonowych. Oceniano stan zdrowotny krzewów i iden-
tyfikowano grzyby występujące w przebarwionych i obumarłych liściach. Z pora-
żonych zielonych liści najczęściej izolowano takie gatunki, jak: Alternaria alternata,
Epicoccum purpurascens, Humicola fuscoatra v. fuscoatra, Penicillium expansum, Pestalotia
sydowiana oraz Phoma macrostoma. Liście opadłe były zasiedlane głównie przez: A. al-
ternata, P. expansum, Penicillium lividum, P. sydowiana, Pestalotia truncata oraz Ph. ma-
crostoma. Stan zdrowotny azalii oceniono jako dobry, chociaż zasiedlenie przez
grzyby wiązało się z występowaniem plamistości i nekroz oraz opadaniem liści, a
tym samym pogorszeniem walorów estetycznych krzewów.
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