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Abstract

Powdery mildew is a disease that affects a wide range of plants and is caused by many different species of fungi. The
disease is easy to diagnose since its symptoms are quite distinctive. Powdery mildew usually produces a white powdery
substance that grows on both sides of the leaf surfaces. These leaves may become twisted, distorted, then wilt and die as a
result of infection. Although humidity requirements for germination vary, all powdery mildew species can germinate and get
infected in the absence of water. The powdery mildews seldom kill their hosts; the fungi reduce the amount of
photosynthesis taking place, increase respiration and transpiration, and cause slower growth. This study was carried out
between the years 2008 and 2010, and diseased plant samples were collected from urban lands, especially in parks, public
and private gardens, road edges, medians and nurseries in 36 of 39 districts of Istanbul. In this study, 43 powdery mildew
fungi species were observed and identified on 73 different plant species. Some of these fungi observed on a single plant
species were Erysiphe convolvuli var. convolvuli, E. flexuosa, E. lagerstroemiae, E. platani, E. sparsa, E. syringae, E. trina,
E. viburni, Leveillula taurica, Microsphaera alni var. vaccinii, M. alphitoides, M. berberidicola, M. diffusa, M.
grossulariae, M. platani, M. quercina, Oidium sp., O. begonia, O. euonymi-japonica, O. lauraceum, O. lini, Peronospora
erodii, Phillactinia guttata, Sphaerotheca fusca, S. humuli, S. lanestris, S. macularis, S. pannosa var. rosae, Uncinila aceris,
U. circinata, U. clintonii, U. geniculata, U. necator, U. Parvula and U. salicis. Some powdery mildew fungi were
cosmopolitan and showed parasitic features for many different plant species. These fungi are Microsphaera alni (11 plant
species), Erysiphe polygoni (9 plant species), Erysiphe cichoracearum and Phyllactinia corylea (8 plant species).

Introduction

The powdery mildew fungi cause significant diseases
on a range of crops, and different species of fungi are
involved depending on the plant affected (Jahn et al.,
2002; Lebeda et al., 2008; Kristkova et al., 2009). They
are important plant pathogens, which are obligately
parasitic on the surface of leaves, stems, fruits, and
flowers of a wide range of angiosperms (Takamatsu et al.,
1998). The fungi usually do not require moist conditions
and their asexual spores can germinate and infect in the
absence of water, moreover moisture reduces the viability
of their conidia. Therefore, they are more prevalent than
many other diseases under dry summer conditions in great
number of countries (Flint, 1998; Carlile et al., 2001).

All powdery mildew fungi require living plant tissue
to grow. The disease can usually be recognized in most

crops by the light-colored, powdery spore growth that
forms on shoots, both sides of leaves, and sometimes
flowers. On vegetable crops, powdery mildew usually
appears first as yellow spots on the upper leaf surface of
older leaves; these spots develop the characteristic
powdery growth and symptoms speared to the undersides
of leaves and stems (Flint, 1998). Severe powdery mildew
reduces seed quality and may discolor seeds and impairs
flavor of the harvested product (Koike et al., 2007).

On perennial host plants such as grapes, raspberries
and some fruit trees, powdery mildew can survive from
one season to the next in infected buds or as fruiting
bodies on the bark of stems and trunks. Special spores are
produced that allow over winter survival of the species
that cause the disease in lettuce and peas and certain other
crops (Flint, 1998) (Table 1).

Table 1. Host plants and powdery mildew fungi caused disease.

Host plants

Powdery mildew fungi

Acer negundo
Acer platanoides

Uncinula aceris - Uncinula circinata
Phyllactinia corylea

Acer pseudoplatanus Erysiphe platani
Aesculus hippocastanum Erysiphe flexuosa
Alnus glutinosa Erysiphe polygoni
Anthemis sp. Erysiphe sparsa
Antirrhinum sp. Oidium sp.

Begonia sp.

Berberis crataegina
Berberis julianae
Berberis thunbergii
Betula pendula
Calendula sp.
Campanula sp.
Catalpa bignonioides

Oidium begoniae - Erysiphe cichoracearum
Microsphaera berberidis

Phyllactinia guttata

Microsphaera berberidicola

Microsphaera alni - Phyllactinia corylea

Erysiphe cichoracearum - Erysiphe polygoni

Erysiphe cichoracearum

Phyllactinia corylea - Microspahaera alni var. vaccinii
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Table 1. (Cont’d.).

Host plants

Powdery mildew fungi

Celtis australis
Chrysanthemum sp.
Clematis sp.
Convolvulus arvensis
Cornus sp.

Corylus avellana
Crataegus monogyna
Cydonia sp.

Dabhlia sp.

Dianthus sp.
Erodium malacoides
Euonymus japonicus
Euonymus sp.
Geranium molle
Gleditsia triacanthos
Helianthus annuus
Hordeum murinum
Hydrangea sp.

Inula sp.
Lagerstroemia indica
Laurus nobilis
Linum usitatissimum
Liriodendron tulipifera
Lonicera sp.
Lycopersicon esculentum
Mahonia aquifolium
Malus sp.

Morus alba
Paulownia sp.
Plantago lanceolata
Plantago major
Plantago minor
Platanus occidentalis
Platanus orientalis
Polygonum aviculare
Quercus cerris
Quercus frainetto
Quercus hartwissiana
Quercus infectoria
Quercus petraea
Quercus sp.

Ranunculus costantinopolitanus

Robinia pseudoacacia
Rosa sp.

Salix babylonica
Sambucus ebulus
Sambucus nigra
Spiraea sp.

Spiraea vanhouttei
Syringa vulgaris
Syringa vulgaris
Taraxacum officinale
Tilia platyphyllos
Veronica sp.
Viburnum tinus

Viola sp.

Vitis vinifera
Wisteria sinensis

Uncinula parvula

Erysiphe cichoracearum

Erysiphe polygoni

Erysiphe convolvuli var. convolvuli
Microsphaera alni - Phyllactinia corylea
Phyllactinia corylea - Microsphaera alni
Podosphaera oxyacanthae - Phyllactinia corylea
Podosphaera leucotricha

Erysiphe polygoni - Erysiphe cichoracearum
Oidium sp.

Peronospora erodii

Microsphaera alni

Oidium euonymi-japonici

Sphaerotheca humuli

Microsphaera alni

Erysiphe cichoracearum

Blumeria graminis

Erysiphe polygoni

Erysiphe cichoracearum

Erysiphe lagerstroemiae

Oidium lauraceum

Oidium lini

Erysiphe polygoni - Phyllactinia corylea
Erysiphe polygoni - Microsphaera alni
Leveillula taurica - Oidium lycopersicum
Microsphaera berberidis

Podosphaera leucotricha

Uncinula geniculata

Phyllosticta paulowniae

Podosphaera plantagini

Podosphaera plantagini

Podosphaera plantagini

Microsphaera alni

Erysiphe platani

Erysiphe polygoni

Microsphaera alphitoides

Microsphaera alphitoides - Microsphaera quercina
Erysiphe trina

Phyllactinia corylea

Sphaerotheca lanestris

Microsphaera alni

Sphaerotheca humuli - Erysiphe polygoni
Microsphaera diffusa

Sphaerotheca pannosa var. rosae
Uncinula salicis

Sphaerotheca humuli

Microsphaera grossulariae
Microsphaera alni

Podosphaera oxyacanthae

Erysiphe syringae

Microsphaera alni

Sphaerotheca fisca

Microsphaera alni - Uncinila clintonii
Sphaerotheca humuli

Erysiphe viburni

Sphaerotheca macularis

Uncinula necator

Erysiphe cichoracearum
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Most powdery mildew fungi grow as thin layers of
mycelium on the surface of the affected plant part (Flint,
1998). Spores of these fungi, which are carried by wind to
new hosts germinate on the leaf surface and establish
haustoria in the epidermal cells (Carlile et al., 2001).
While most of them are entirely superficial except for
haustoria, which penetrate epidermal cells, the three
genera; Leveillula, Phyllactinia, and Pleochaeta, form
endophytic mycelia and put haustoria into mesophyll cells
(Takamatsu et al., 1998). Powdery mildew species can
germinate and infect the host plant in absence of water
although humidity requirements vary for germination. In
most cases, spores are killed and germination and
mycelial growth are inhibited by free moisture. Moderate
temperatures and shady conditions are generally favorable
for powdery mildew development (Flint, 1998). Disease
severity is usually higher in late summer seasons (Koike
etal., 2007).

Disease control is generally achieved by the use of
fungicides, including sulfur and sterol biosynthesis
inhibitors (Zahavi et al., 2001). Elemental sulphur was
one of the first fungicides to be introduced, and is still
used to prevent commercially important powdery mildew
infections (Carlile et al., 2001). However, fungicide-
resistant strains of the pathogen have developed both in
Europe and the US (Ypema et al., 1997; Zahavi et al.,
2001). Additionally, the use of protective chemicals raises
concerns about the environment and human health.
Therefore, the importance of biological methods for plant
protection has increased today (Rankovic, 1997). In most
cases, planting resistant varieties or avoiding the most
susceptible varieties and following good cultural practices
will adequately control powdery mildew (Flint, 1998).
One of the ways to overcome the disease is the use of
hyperparasites fungi (Rankovic, 1997). Fungi of the genus
Ampelomyces are well known hyperparasites and are
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widely distributed on the powdery mildews (Sztejnberg et
al., 1989; Rankovic, 1997). Furthermore, the yeast
Tilletiopsis minor is also known as a hyperparasites of
powdery mildews as well (Carlile et al., 2001). Lately,
plant disease resistance genes were isolated and
transferred into some plants and resistant varieties
obtained by tissue culture and gene transfer techniques to
handle this disease (Li et al., 2003; Zhao et al., 2006;
Akkurt et al., 2007; Wan et al., 2007; Perugini et al.,
2008; Luo et al., 2009).

In this study, in total, 36 of 39 districts of Istanbul
(Excluding Catalca, Silivri and Sile) were visited in both
Asian and European sides and diseased plant samples
were collected during the growing periods of 2008-2010.
Many different fungi species, which caused powdery
mildew disease on the leaves of natural and exotic plants
were identified and reported along with their hosts.

Materials and Methods

Study area: Istanbul, which is located in the north-west
part of Turkey (41° 01.2° N, 28° 58.2” E), is one of the
most populous cities of Eurasia and Turkey's cultural and
financial centre. It extends both on European (Thrace) and
Asian (Anatolia) sides of the Bosphorus, therefore the
only metropolis in the world, which is situated on two
continents (Fig. 1) (Kaya & Curran, 2006; Altay et al.,
2010a; Osma et al, 2010; Yasar et al., 2010;
Municipality, 2011). Istanbul has approximately 5,100
km® land area and has the highest population
(12,573,836), and continuing to increase the fastest in
Turkey (Tuikapp, 2010; Municipality, 2011). In addition
to its rich history, high population and productive
economy, Istanbul also has wide variety of ecological
features (Altay et al., 2010a).

34
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Fig. 1. Districts of Istanbul (Study area). 1. Adalar, 2. Arnavutkdy, 3. Atasehir, 4. Avcilar, 5. Bagcilar, 6. Bahgelievler, 7. Bakirkdy, 8.
Basaksehir, 9. Bayrampasa, 10. Besiktas, 11. Beylikdiizli, 12. Beyoglu, 13. Biiylikgekmece (not studied), 14. Beykoz, 15. Catalca (not
studied), 16. Cekmekdy, 17. Esenler, 18. Esenyurt, 19. Eyiip, 20. Fatih, 21. Gaziosmanpasa, 22. Giingoren, 23. Kadikdy, 24.
Kagithane, 25. Kartal, 26. Kiigiikcekmece, 27. Maltepe, 28. Pendik, 29. Sancaktepe, 30. Sariyer, 31. Silivri, 32. Sultanbeyli, 33.
Sultangazi, 34. Sile (not studied), 35. Sisli, 36. Tuzla, 37. Umraniye, 38. Uskiidar, 39. Zeytinburnu.
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The main topographical structure of Istanbul is a low
plateau that has approximately 100-200 m elevation. The
geological structure contains the Silurian, Devonian,
Carboniferous and Tertiary ages originated formations.
There are different kinds of rocks and structures that consist
of granitic plutons, quartzes, grovacs, clayed schsists and
radiolarites (Yaltirik et al., 1997; Yasar et al., 2010).
Although many different soil types are present in Istanbul,
the brown forest soil covers the largest area. The non-
calcareous brown soil is the second and is suitable for plants.
The rendzinas mostly cover the European Side of the city.
The alluvial soil also shows distribution in Istanbul (Yaltirik
etal., 1997, Altay et al., 2010b, Yasar ef al., 2010).

Istanbul is in a kind of transition zone between less rainy
Mediterraneal and Oceanic climates. Less precipitation and
high temperature are usually observed in the summer. The
annual mean temperature was measured as 14.5°C in last two
decades. Between May and September, the temperature is
generally above 30°C and between November and April; it is
rarely below 0°C. In the vegetation period, the daily mean
temperature is approximately 8°C and this period is about
280 days (between 15 March and 20 December) (Anon.,
2010; Altay et al., 2010a; 2010b; Osma et al., 2010; Yasar et
al., 2010).

The total precipitation for Istanbul averages 640 mm
per year and 40% of the total precipitation falls in winter.
December and January are the most precipitated months.
The precipitation ratio in summer is higher than the
typical Mediterranean stations hence; this characteristic is
related with the Oceanic climate. The minimal rain falls in
July and August and its ratio is about 8%. Precipitation is
less in spring (about 20-21%), while it increases in
autumn (about 28-29%). Additionally, snow rarely falls in
Istanbul. The rain regime is Winter-Autumn-Spring-
Summer (W.A.Sp.Su) and the rain type is “Central
Mediterranean Rain Type” The relative humidity is
between 73-77% in the city and these values decrease to
65-68% in summer despite of the effect of the seas. The
lower relative humidity, especially in the dry period,
forms the xerophytic vegetation. The dominant wind in
the city is the Northeast originated wind (Akman &
Ketenoglu, 1990; Anon., 2010; Altay et al., 2010a; Yasar
etal., 2010).

Sample collection and preparation: In this study, a total of,
36 of 39 districts of Istanbul (Excluding Catalca, Silivri and
Sile) were visited in both Asian and European sides.
Diseased plant samples were collected during the growing
periods of 2008-2010, and later transported to Marmara
University Faculty of Science and Arts, Department of
Biology, Microbiology and Plant Diseases Laboratory.

Identification: Our study was carried out in 36 of 39
different districts (Excluding Catalca, Silivri and Sile) in both
sides (Asian and European) of Istanbul. Plant samples were
collected from parks, public and private gardens, road edges,
medians and nurseries between the years 2008-2010. Field
studies were realized in May, June, July, August and
September when cleistothecia were formed. The study area
was visited only a few times in April and October. Diseased
leaves were first photographed in their natural environment
and then put into sterile plastic bags. Each sample was
represented by one or more leaves, collected randomly, from
plants in each location. Collected fresh samples were dried
according to standard herbarium procedures, labeled and put
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in special envelopes, and then stored in Marmara University,
Plant Diseases and Microbiology Laboratory. Some samples
were immediately examined with a microscope and some of
them were protected for later analysis. Dried leaf samples
were moisturized on cheesecloth, which are on Beckers
containing boiling water in order to isolate cleistothecia. A
water droplet was dropped on the moisturized leaf sample
containing cleistothecia and then turned upside down and
contacted with a microscope slide and then cleistothecia
were investigated. In some plant parts, fungi samples were
taken directly using water-soluble glue and fixed on a
microscope slide. Water-soluble glue was dissolved in water
and cleistothecia, oidiospores, ascospores and mycelia of
fungi remained in the slide and then investigated. Diseased
specimens were mostly identified by their cleistothecia while
non-cleistothecia samples were identified by their
oidiospores. 10% KOH was used for dried fungi samples.
For identification of the fungi samples “Microfungi on Land
Plants and Identification Handbook™” (Ellis & Ellis, 1997),
“Powdery Mildew Fungi: Classification and Ecology” (Ruhl
& Jaslavich, 2002) and ‘“Diseases and Pests of Ornamental
Plants” (Pirone, 1978) were used. Olympus CX41
microscope was used for the microscopic diagnoses, and Q-
Imaging MicroPublisher 5.0 RTV microscope camera was
used for the microscopic pictures.

Results and Discussion

In our study, 43 powdery mildew fungi species were
observed on 73 different plant species, which are the
members of 11 different genera such as Blumeria,
Leveillula,  Erysiphe, =~ Microsphaera,  Phyllosticta,
Phyllactinia, Sphaerotheca, Uncinula, Oidium,
Podosphaera and Peronospora (Fig. 2). Some of these
fungi observed on a single plant species were Erysiphe
convolvuli var. convolvuli, Erysiphe flexuosa, Erysiphe
lagerstroemiae, Erysiphe platani, Erysiphe sparsa,
Erysiphe syringae, Erysiphe trina, Erysiphe viburni,
Leveillula taurica, Microsphaera alni var. vaccinii,
Microsphaera alphitoides, Microsphaera berberidicola,
Microsphaera  diffusa, Microsphaera  grossulariae,
Microsphaera platani, Microsphaera quercina, Oidium
sp., Oidium begonia, Oidium euonymi-japonica, Oidium
lauraceum, Oidium lini, Peronospora erodii, Phillactinia
guttata, Sphaerotheca fusca, Sphaerotheca humuli,
Sphaerotheca  lanestris,  Sphaerotheca = macularis,
Sphaerotheca pannosa var. rosae, Uncinila aceris,
Uncinila circinata, Uncinila clintonii, Uncinula
geniculata, Uncinila necator, Uncinila parvula, Uncinula
salicis. Among them, Erysiphe lagerstroemiae was only
observed on Lagerstroemia indica and it was found to be
effective seriously. Mycelia and oidiospores were densely
observed not only on leaves, but also on buds.
Microsphaera platani has been detected only on plane
trees and it was almost seen on every plane tree in
Istanbul. Another effective powdery mildew species was
Oidium euonymi-japonica which was observed on
Euonimus japonica plants. This fungus covers both upper
and lower surfaces of the leaves, buds and even thick
young branches as a white colored mass. We also
observed that some FEuonimus japonica plants were
weakened by this fungus and died it was also observed
that Sphaerotheca pannosa var. rosae, which was
observed on Rosa sp., was shown to be effective on these
plants and distributed in a wide range in Istanbul.
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Fig. 2. A-Microsphaera alni on Euonymus japonicus leaf, B-Microsphaera alni on Quercus robur leaves, C-Microsphaera alni var.
vaccinii on Catalpa bignonioides leaf, D-Microsphaera alphitoides on Quercus cerris leaf, E-Microsphaera berberidicola on Berberis
thunbergii leaves, F-Podosphaera leucotricha on Cydonia sp. leaf, G-Uncinula circinata on Acer negundo leaf, H-Uncinula necator
on Vitis vinifera leaf, 1-Erysiphe convolvuli var. convolvuli on Convolvulus arvensis leaf, J-Oidium lycopersicum on Lycopersicon
esculentum leaf, K-Microshaera alni on Syringa vulgaris leaves, L-Erysiphe polygoni on Polygonum aviculare leaves, M-
Podosphaera oxyacanthae on Spiraea vanhouttei leaves, N-Erysiphe viburni on Viburnum tinus leaves, O-Cleistothecium of
Microsphaera alphitoides (Bar indicates 40 pm), P-Cleistothecium of Microsphaera alni var. vaccinii (Bar indicates 20 pm), Q-
Cleistothecium of Uncinula necator (Bar indicates 50 pm), R-S-Cleistothecium of Erysiphe flexuosa (Bars indicate 40 and 100 pm
respectively), T-Oidiospores of Microsphaera alni (Bar indicates 30 um), U-Oidiospore of Oidium lini (Bar indicates 10 um), V-
Oidiospore of Phyllactinia corylea (Bar indicates 20 pm), W-X-Cleistothecium of Microsphaera alni var. vaccinii (Bars indicate 20
and 40 pm respectively).

In this study, some powdery mildew fungi were
cosmopolitan and showed parasitic features for many
different plant species. These fungi are Microsphaera alni
(11 plant species), Erysiphe polygoni (9 plant species),
Erysiphe cichoracearum and Phyllactinia corylea (8 plant
species). Since these fungi species are harmful for many
different plant species, especially agricultural and
ornamental plants, they cause economic damage and must
be exterminated from the area.

Istanbul has a wvariable climate and weather
conditions and higher temperature, less rainfall and

relative humidity and longer summer and autumn
conditions will affect the number of powdery mildew
fungi and it is certain that increased fungi will increase
the amount and variety of diseased plants. Some of the
fungi found in the area were seen when the relative
humidity was high, while others were seen in higher
temperature and less humid seasons. In addition, our
study was realized in urbanized areas, especially in parks,
public and private gardens, road edges, medians and
nurseries, thus, relatively untouched forests and fields
were not covered in this study. If the study is to be
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extended in this way, it is obvious that more fungi and
host plants would be found.
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