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Abstract Microcyclic conidiogenesis (MC) was recently

described in several species of powdery mildew fungi. This

process, defined as the production of conidia on a fungal

spore without any, or only a minimal, involvement of

hyphal growth, was observed on powdery mildew conidia

that have already germinated on host plant surfaces and

have been attached to the epidermal cells. Most probably,

MC contributes to a quick propagation of young powdery

mildew colonies because new conidia are sometimes pro-

duced in a shorter time on microcyclic conidiophores than

on the hyphae of the young mycelium. This article reports

MC in Erysiphe necator ex grapevine, Podosphaera leu-

cotricha ex apple, Golovinomyces orontii ex tobacco, and

Neoerysiphe galeopsidis ex Lamium purpureum based on

light and low-temperature scanning electron microscopic

studies.
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Microcyclic conidiogenesis (MC) was defined as the pro-

duction of conidia on a fungal spore without any, or only a

minimal, involvement of hyphal growth (for a review, see

Hanlin 1994). This process was described in several fungal

species, such as Aspergillus spp. (Anderson and Smith

1971; Ahearn et al. 2007), Epichloe typhina (Bacon and

Hinton 1991), and Cercospora zea-maydis (Lapaire and

Dunkle 2003), and has also been studied from a practical

point of view to ensure the synchronized production of

large amounts of conidia of different strains in the shortest

possible time for industrial or other mass production pur-

poses (e.g., Krasniewski et al. 2006; Cascino et al. 1990;

Bosch and Yantorno 1999). In fact, there are considerable

morpho-physiological differences among the various pro-

cesses described as MC. In Aspergillus niger, for example,

where this process was described for the first time

(Anderson and Smith 1971), conidia simply swelled, and

became two to three times bigger than their original size,

before producing sporulating conidiophores directly on

their surfaces. Thus, in this case, there was an obvious

uptake of water and/or nutrients through the cell wall

before conidiogenesis occurred. In Neurospora crassa,

which produces two types of vegetative spores, uninucleate

microconidia and multinucleate macroconidia, the so-

called microcycle microconidiation occurred when the

germinated macroconidia produced lateral protuberances

on their germ tubes and these developed directly into

microconidia (Maheshwari 1999). In C. zea-maydis, both

germ tubes and conidiophores were produced on the sep-

tate conidia (Lapaire and Dunkle 2003); thus, there was

some hyphal development occurring simultaneously with

MC. Clearly, different types and subtypes of MC could be

distinguished in the fungal world, but these have not been

categorized in the literature to date.

Recently, it was shown that several species of powdery

mildew fungi (Erysiphales), in addition to producing con-

idia on conidiophores developed on the hyphae, can gen-

erate functional conidiophores directly on the surfaces of
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the already germinated conidia (Kiss et al. 2008, 2010).

This process, described as a type of MC, might favor a

quick propagation of young powdery mildew colonies

because new conidia are sometimes produced in a shorter

time than on the hyphae of the young mycelium (Fig. 1).

Before producing a microcyclic conidiophore, powdery

mildew conidia exhibiting MC had always produced one or

more germ tubes, and these have subsequently penetrated

the epidermal cells of the host plants to ensure the bio-

trophic uptake of nutrients by the young, developing

mycelium. Thus, conidia bearing one, or sometimes two,

microcyclic conidiophores have already become a part of

the young mycelium on the leaf surface. In some cases MC

was clearly a very early process of the colonization of host

plant surfaces by a powdery mildew fungus, being com-

pleted before conidiogenesis started on the young hyphae

(Kiss et al. 2010). In these cases conidia originating from

MC were among the first produced by the young mycelium,

thus ensuring a rapid propagation of the colonies. In other

cases, however, conidiogenesis had already started on the

hyphae before MC occurred, so the germinated conidium,

as an integral part of the already formed mycelium, simply

served as a site for conidiogenesis similar to other cells of

the hyphae (Kiss et al. 2010).

In the Erysiphales, MC was first described in Oidium

longipes (Kiss et al. 2008) and then documented in seven

other, phylogenetically distinct powdery mildew species

(Kiss et al. 2010). It was also shown to occur in a newly

described species, Oidium aloysiae (Takamatsu et al.

2008). These reports suggested that MC is apparently rare

in powdery mildews because only up to 5% of germinated

conidia exhibited MC. Similar low values were reported for

other fungi, such as Aspergillus spp. (Ahearn et al. 2007),

which might be the reason why MC was not observed

earlier in powdery mildew fungi in spite of detailed studies

on their conidial germination (Braun 1987, Green et al.

2002; Bolay 2005; Cook and Braun 2009).

In this work, to continue the study of MC in powdery

mildew species, we examined more than 500 samples of

powdery mildew-infected leaves representing the following

fungal and plant species: Erysiphe necator ex grapevine,

Podosphaera leucotricha ex apple, Golovinomyces orontii

ex tobacco, and Neoerysiphe galeopsidis ex Lamium pur-

pureum. All the samples were freshly collected from the

field, or, in the case of tobacco, from the greenhouse,

brought to the laboratory, and immediately examined using

light and/or low-temperature scanning electron microscopy

(LT-SEM). To prepare the samples for light microscopy,

small pieces of powdery mildew-infected leaf tissues were

cut from the leaves and boiled, with the powdery mildew

mycelium downward, in a drop of lactic acid on a slide as

described by Shin and La (1993). After boiling, the

mycelium was scraped off the leaf and mounted in either

lactic acid or cotton blue in lactic acid for light microscopy

Fig. 1 The life cycle of the

powdery mildew fungi

supplemented with the newly

described microcyclic

conidiogenesis. (Redrawn from

Braun 1987)
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using bright-field, phase-contrast, and differential interfer-

ence contrast (DIC) optics. Samples of E. necator infecting

grapevine were also prepared for LT-SEM studies as

described by Rügner et al. (2002) and observed with a

Philips XL 30 ESEM electron microscope connected with a

Gatan Alto 2500 Cryo unit.

In all the four species studied, germinated conidia

bearing microcyclic conidiophores were identified in up to

15% of the samples. LT-SEM documented MC in E. ne-

cator (Fig. 2), a species with a pseudoidium-type

anamorph representing Oidium subgen. Pseudoidium,

while the same process was detected in the other three

species using light microscopy (Fig. 3A–C). The latter

three species, P. leucotricha, G. orontii, and N. galeopsidis,

represent different genera of the Erysiphales with distinct

chain-forming anamorphs belonging to subgenera Fibroi-

dium, Reticuloidium, and Striatoidium, respectively, of the

anamorphic genus Oidium. In all these four species, both

developing and mature microcyclic conidiophores were

detected on the germinated conidia (Figs. 2, 3), and these

have undoubtedly contributed to the conidial production of

the newly formed colonies.

MC was recognized in some groups of filamentous

fungi as a specific process that leads to a rapid formation

of new asexual spores following ‘regular’ conidiogenesis

(Hanlin 1994). In fact, the production of basidiospores

from teliospores of rust and smut fungi is a similar pro-

cess, although it leads to sexually formed spores, fol-

lowing meiosis, and thus cannot be classified as MC. In

powdery mildew fungi, MC clearly differs from some of

the similar conidiation mechanisms described in various

fungal groups and resembles the process described, for

example, in C. zea-maydis, where conidia germinated

with germ tubes and have also produced microcyclic

conidiophores on their bodies (Lapaire and Dunkle 2003).

This study showed that it commonly occurs in different

species of the Erysiphales, contributes to some extent to

the rapid propagation of the newly formed, or older,

colonies, and should not be neglected when considering

conidial germination of powdery mildew fungi on host

plant surfaces.

Fig. 2 A mature microcyclic conidiophore arising from a germinated

conidium of Erysiphe necator on a grapevine leaf. Another conidium,

germinated later than the one bearing the microcyclic conidiophore, is

also shown on the picture taken using a low-temperature scanning

electron microscope (LT-SEM) (ZMB, University of Basel, Switzer-

land). Bar 10 lm

Fig. 3 Microcyclic conidiogenesis in three powdery mildew species. A Podosphaera leucotricha on apple. B Golovinomyces orontii on tobacco.

C Neoerysiphe galeopsidis on Lamium purpureum. Conidia bearing microcyclic conidiophores are shown by arrows. Bars A–C 30 lm
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Rügner A, Rumbolz J, Huber B, Bleyer G, Gisi U, Kassemeyer H-H,

Guggenheim R (2002) Formation of overwintering structures of

Uncinula necator and colonisation of grapevine under field

conditions. Plant Pathol 51:322–330

Shin HD, La Y (1993) Morphology of edge lines of chained immature

conidia on conidiophores in powdery mildew fungi and their

taxonomic significance. Mycotaxon 46:445–451

Takamatsu S, Havrylenko M, Wolcan SM, Matsuda S, Niinomi S (2008)

Molecular phylogeny and evolution of the genus Neoerysiphe
(Erysiphaceae, Ascomycota). Mycol Res 112:639–649

216 Mycoscience (2011) 52:213–216

123


	New records of microcyclic conidiogenesis in some powdery mildew fungi
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


