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Abstract
White powdery masses were observed on leaves of Lactuca tuberosa in southwestern Iran.
Infected leaves were examined using a stereomicroscope and microscopic slides of fungal
structures prepared in lactic acid 25%. Based on morphological characteristics of conidia,
appressoria and foot cell of conidiophores, the fungus was identified as Golovinomyces bolayi. The
fungus is an important pathogen causing powdery mildew disease and occurs on various Lactuca
species. G. bolayi separated from G. orontii species complex and distinguished from other closely
related species by having catenate conidia as well as nipple-shaped appressoria and sinuous-curved
foot cell of conidiophores.
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Introduction
Powdery mildew fungi are obligate parasites belonging to the Erysiphaceae (Ascomycota:
Erysiphales), can infect more than 10,000 host plant species (Braun & Cook 2012). These fungi
produce white powdery masses on the upper or lower surface of leaves, can be extended and cover
a total surface of leaves (Braun 1987). Both anamorph (imperfect) and teleomorph (perfect) stages
may be observed on infected plants. Some symptoms such as chlorosis or yellowing of leaves and
decrease of growth can be followed by mycelial growth of powdery mildews (Braun 1987).
The genus Lactuca L. belonging to the plant family Asteraceae. According to Mozaffarian
(2015), 12 species of the genus Lactuca are growing in different localities of Iran. Fungal
pathogens belonging to the genera Golovinomyces (U. Braun) Heluta, Podosphaera Kunze, and
Leveillula G. Arnaud. causing powdery mildew on various species of the genus Lactuca. (Braun
1987). The genus Golovinomyces was initially introduced by Heluta (1988) based on Erysiphe sect.
Golovinomyces U. Braun. and characterized by ectophytic parasitism, polyascal ascomata and
euoidium anamorph. The literature review indicated that taxonomy of the genus Golovinomyces
had significantly been changed during the time (Braun et al. 2019).
Salmon (1900) was the first who introduced Erysiphe cichoracearum DC. (now as
Golovinomyces cichoracearum) with broad host range in his monograph. E. cichoracearum is the
most common causal agent of powdery mildew on Asteraceae (Braun 1987). In a taxonomic
treatment, Blumer (1933) tried to segregate E. cichoracearum into several species and then he
provided description of the species along with host list (Blu+mer 1967).
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According to inoculation tests, Hammarlund (1945) showed plurivorous species within E.
cichoracearum sensu lato. Hammett (1977) divided Erysiphe cichoracearum sensu lato into two
groups – E. cichoracearum sensu stricto parasitic on taxa of Asteraceae and E. cichoracearum
sensu lato parasitic on taxa of other plant families.
According to Matsuda & Takamatsu (2003), there is a close affinity between Golovinomyces
and the host tribes of the Asteraceae. They suggested co-speciation between Golovinimyces species
and their hosts and determined five significant groups in Golovinomyces, each of them is associated
with a single host tribe of the Asteraceae. Golovinomyces on members of Asteraceae segregated
into several species viz. G. ambrosiae (Schwein.) U. Braun & Cook RTA. on hosts belonging to
tribe Astereae Cass., G. macrocarpus (Speer) U. Braun on hosts belonging to tribe Anthemideae
Cass. and G. montagnei U. Braun on hosts belonging to tribe Cardueae Cass.
Braun & Cook (2012) divided G. cichoracearum sensu lato into more species on the basis of
reassessment of morphological characteristics and molecular data, which is represented by a single
host tribe of the Asteraceae. G. cichoracearum sensu stricto is now limited to host species of the
genera Scorzonera L. and Tragopogon L. (Takamatsu et al. 2013).
Takamatsu et al. (2013) determined 11 lineages in the genus Golovinomyces, seven lineages
include the Asteraceae as a host family and characterized by having hosts belonging to a single
tribe of the Asteraceae. According to their phylogenetic analysis, powdery mildew on Lactuca spp.
were included in Golovinomyces orontii group 3. This group had 19 host species of 10 families,
indicating that the genus Golovinomyces expanded its host ranges to closely related plants in an
early stage of evolution.
Lebeda & Mieslerová (2011) recognized large variability in virulence and existence of
different races of Golovinomyces cichoracearum, concluded that interactions between various
Lactuca species and pathogen are race-specific, following gene-for-gene hypothesis. Furthermore,
Mieslerová et al. (2020) reported that disease incidence of Golovinomyces bolayi on populations of
Lactuca serriola, varied between 29 and 75.2% and confirmed that G. bolayi isolates represented
different combinations of reaction patterns on the Lactuca spp.
Braun et al. (2019) showed that G. orontii sensu lato which previously classified as groups
one to three, split into three distinct main clusters. The third assemblage of sequences (group 3)
comprises powdery mildews on hosts of the Asteraceae tribe Cichorieae, including Cichorium and
Lactuca spp. and hosts belonging to various other plant families. Therefore, they proposed new
species, Golovinomyces bolayi S. Takam., Lebeda & M. Götz.
Information of powdery mildew fungi in Iran are scattered in various regional reports (Pirnia
et al. 2005, 2006, 2007, Pirnia 2014, Khodaparast et al. 2016, Arzanlou & Torbati 2016,
Khodaparast et al. 2019). In a major attempt, Khodaparast & Abbasi (2009) provided
comprehensive check-list of Erysiphales from Iran, which covers 90 species on 528 host plant
species. In some taxonomic works, information of Golovinomyces species are involved
(Khodaparast et al. 2001, Davari et al. 2014, Sharifi et al. 2013, 2014). Providing an update on
powdery mildew diseases of Lactuca spp., was the main aim of this study.
Materials & Methods
Infected leaves of Lactuca tuberosa by anamorphic powdery mildew were collected from Fars
Province, Iran, then dried between paper sheets and placed in the envelope. Features such as the
location of mycelium and conidiophores on the leaves are examined using Stereomicroscope (Zeiss,
Germany). Microscopic slides of fungal structures including conidiophores, foot-cells, conidia and
appressoria prepared in lactic acid 25% without any staining and examined by means of standard
light microscopy Olympus CH30, Japan (Pirnia 2014). Drawings were made using a drawing-tube
attached to microscope.
Morphological characteristics of mycelium (colour, density), conidia (single or in chains,
shape, size), conidiophores (shape, size), foot cell (shape, length, arrangement of the following
cells on the foot cell) and appressoria (shape, diameter) were used to identify species (Braun et al.
2019).
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The length and width of 30 conidia, foot cell and appressoria (×1000 magnification) were
measured. Representative material is deposited as typically dried samples in the internationally
recognized fungus reference collection of the Iranian Ministry of Agriculture “IRAN” at the Iranian
Research Institute of Plant Protection under accession number IRAN 16776 F.
Results and discussion
On the basis of the combination of the production of conidia in chains, shape and dimension
of conidia, structure and dimension of foot cell and nipple-shaped appressoria on the mycelia and
host-plant association, the fungus was identified as Golovinomyces bolayi S. Takam., Lebeda & M.
Götz. Only the anamorph stage of the fungus was found on the leaves.
Disease incidence of powdery mildew on Lactuca tuberosa is sporadic in Iran and only find
in this study. Disease severity was estimated as a percentage of total leaf area of a single plant
which was covered with powdery symptoms by giving maximum rating 1-5 scale as shown in
Table 1 (Mulbrhan et al. 2016).
Table 1 Percentage of disease and rating scale
Percentage of Disease
1-10%
11-25%
26-50%
51-75%
>75%

Rating scale
1
2
3
4
5

The formula cited in Mulbrhan et al. (2016), is used for calculating of disease severity.
Number of individual ratings
Plant disease severity (PDS) =

100
×

Number of plants assessed

Maximum scale

In material examined, disease severity was estimated 40% (Percentage of disease: 11-25%,
Rating scale: 2). Golovinomyces bolayi is common species on various Lactuca spp., foremost
Lactuca sativa as edible vegetable. The powdery mildew can influence overall yield and yield
quality of Lettuce which needs effective strategies for management of disease.
Golovinomyces bolayi S. Takam., Lebeda & M. Götz.
Fig. 1
Mycelium amphigenous, forming white patches on the upper and lower surface of the leaves.
Hyphal appressoria nipple-shaped, 3–5 µm diam. Conidiophores erect, solitary, straight. Foot cells
cylindrical, sinuous-curved, 45–70 × 9–12 μm, followed by 2–3 (–4) cells that are shorter than the
foot cell, 10–22 µm long, as wide as the foot-cells or somewhat wider. The basal septum of
conidiophore adjacent to the mycelium. Conidia are forming in chains, without fibrosin bodies,
ellipsoid-ovoid, doliiform-subcylindrical, 25–34 × 14–18 μm. (Fig. 1).
Material examined – Iran, Fars Province, Noorabad, on living leaves of Lactuca tuberosa
Jacq. (Asteraceae), 15 Jul. 2018, M. Pirnia (IRAN 16776 F).
Note – Golovinomyces bolayi has wide host range on hosts of tribe Cichorieae, Asteraceae
(Cichorium spp. and Lactuca spp.) and some other plant families viz. Bignoniaceae, Brassicaceae,
Campanulaceae, Crassulaceae, Cucurbitaceae, Fabaceae, Lamiaceae, Linderniaceae,
Plantaginaceae, Rosaceae and Solanaceae (Braun et al. 2019). Lactuca tuberosa belongs to tribe
Cichorieae. Hitherto no powdery mildew fungus was reported on Lactuca tuberosa in Iran and only
one fungus, Ramularia carletonii (Ellis & Kellerm.) U. Braun was reported in this country (Pirnia
& Braun 2018).
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Fig. 1 – Golovinomyces bolayi. a Symptoms on leaves. b Conidiophores, catenate conidia, foot
cells and basal septum. c Conidia. d Nipple-shaped appressoria. Scale bars = 25 µm.
Acknowledgement
The University of Zabol funded this work, Grant number: UOZ-GR-9618-38. The authors
would like to thank the Research Deputy of the University of Zabol for financial support.
References
Arzanlou M, Torbati M. 2016 – Powdery mildew on Ulmus carpinifolia in Tabriz, East Azerbaijan,
Iran. Plant Pathology and Quarantine 6(2), 133–135.
Blumer S. 1933 – Die Erysiphaceen Mitteleuropas unter besonderer Berücksichtigung der Schweiz.
Beiträge zur Kryptogamenflora der Schweiz 7, 1–483.
Blumer S. 1967 – Echte Mehltaupilze (Erysiphaceae). G. Fischer, Jena, 436 pp.
220

Braun U. 1987 – A monograph of the Erysiphales (powdery mildews). Beihefte zur Nova Hedwigia
89, 1–700.
Braun U, Cook RTA. 2012 – Taxonomic manual of the Erysiphales (powdery mildews). CBS
Biodiversity Series No. 11. CBS–KNAW Fungal Biodiversity Centre, Utrecht, The
Netherlands.
Braun U, Shin HD, Takamatsu S, Meeboon J et al. 2019 – Phylogeny and taxonomy of
Golovinomyces orontii revisited. Mycological Progress 18, 335–357.
Davari M, Bagheri Kheirabadi M, Sharifi K, Khodaparast SA. 2014 – A study on the identification
of Erysiphaceae based on morphological characteristics in Ardabil Province, Iran. Applied
Research in Plant Protection 4(1), 29–40.
Hammarlund C. 1945 – Beiträge zur Revision einiger imperfekter Mehltau-Arten. Erysiphe
polyphaga nov. sp. Bot Not 1945, 101–108.
Hammett KRW. 1977 – Taxonomy of Erysiphaceae of New Zealand. New Zealand Journal of
Botany15, 687–711.
Heluta VP. 1988 – Filogeneticheskie vzaimosvyazi mezhdu rodami erizifal’nykh gribov i
nekotorye voprosy sistematika poryadka Erysiphales. Biol Zhurn Armenii 41, 351–358.
Khodaparast SA, Abbasi M. 2009 – Species, host range and geographical distribution of powdery
mildew fungi (Ascomycota: Erysiphales) in Iran. Mycotaxon 108, 213–216.
Khodaparast SA, Ghobakhloo A, Asgari B, Aliabadi F, Sajedi S. 2019 – Notes on two powdery
mildew fungi (Erysiphe magnifica and E. corylacearum) from Iran. Mycologia Iranica 6(1),
1–7.
Khodaparast SA, Hedjaroude GhA, Ershad D, Termeh F et al. 2001 – A study on the identification
of Erysiphaceae in Gilan province, Iran (II). Rostaniha 2, p. 6.
Khodaparast SA, Takamatsu S, Shadlou A, Damadi M et al. 2016 – Notes on the genus Leveillula
(Erysiphaceae): a new unrecorded species and notes on Leveillula infecting Ficus, Cucurbita
and Tropaeolum in Iran. Phytotaxa 260(3), 267–275.
Lebeda A, Mieslerová B. 2011 – Taxonomy, distribution and biology of lettuce powdery mildew
(Golovinomyces cichoracearum sensu stricto). Plant Pathology 60, 400–415.
Matsuda S, Takamatsu S. 2003 – Evolution of host–parasite relationship of Golovinomyces
(Ascomycete: Erysiphales) inferred from nuclear rDNA sequences. Molecular Phylogenetics
and Evolution 27, 314–327.
Mieslerová B, Kitner M, Křístková E, Majeský L, Lebeda A. 2020 – Powdery mildews on Lactuca
species – a complex view of host–pathogen interactions. Critical Reviews in Plant Sciences
Doi: 10.1080/07352689.2020.1752439
Mozaffarian V. 2015 – New species and new records of Asteraceae from Iran. Iranian Journal of
Botany 21(1), 24–29.
Mulbrhan A, Yuhana BA, Rao S, Danish S. 2016 – Survey of disease incidence and severity of
powdery mildew on roses (Rosa sinensis L.) in greenhouses in Miasirwa, Eritrea. Asian
Journal of Science and Technology 7(5), 2850–2856.
Pirnia M. 2014 – A new record of Erysiphales for mycobiota of Iran. Mycologia Iranica 1(2), 119–
120.
Pirnia M, Braun U. 2018 – A new species and observations on the genus Ramularia from Iran.
European Journal of Plant Pathology 150, 847–852.
Pirnia M, Khodaparast SA, Abbasi M. 2005 – On the taxonomy of the causal of powdery mildew
on Pistacia in Iran. Rostaniha 6, 164–167.
Pirnia M, Khodaparast SA, Abbasi M. 2006 – Morphology of penicillate cells in the genus
Phyllactinia (Erysiphaceae) based on Iranian specimens. Rostaniha 7, 177–192.
Pirnia M, Khodaparast SA, Abbasi M, Tavanaei GH. 2007 – Study on the genus Phyllactinia
(Erysiphaceae) in Iran. Iranian Journal of Plant Pathology 43, 445–464.
Sharifi K, Davari M, Khodaparast SA, Bagheri Kheirabadi M. 2014 – A Study on the identification
of powdery mildew fungi (Erysiphaceae) in Ardabil landscape, Iran. Journal of Crop
Protection 3, 663–671.
221

Sharifi K, Khodaparast SA, Mousanejzhad S. 2013 – A contribution to the knowledge o taxonomy
and identification of anamorphic genus Oidium in Guilan province, Iran. Iranian Journal of
Plant Protection Science 44: 1–13.
Salmon E. 1900 – A monograph of the Erysiphaceae. Mem Torrey Bot Club 9, 1–292.
Takamatsu S, Matsuda S, Grigaliūnaitė B. 2013 – Comprehensive phylogenetic analysis of the
genus Golovinomyces (Ascomycota: Erysiphales) reveals close evolutionary relationships
with its host plants. Mycologia 105, 1135–1152.

222

