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Causal Organism, Importance and Geographical 
Distribution  
Verticillium wilt is caused by the fungus Verticillium dahliae 
Klebahn. It is a soil-borne pathogen with a broad host range 
which causes premature death and wilt in sunflower. It has been 
described that V. dahliae can infect more than 400 plant species 
including herbaceous annuals and perennials, and woody 
perennials (Klosterman et al, 2009). Currently, Verticillium wilt 
is a major disease of sunflower in Argentina, Canada and the 
USA and has secondary importance in Spain, France, Romania, 
Bulgaria, Ukraine and Turkey (García-Carneros et al, 2014). 
However, the incidence on the countries surrounding the Black 
Sea is increasing in the last years and in some areas of France it 
has become a major constraint for the crop. Verticillium affects 
the crop performance by reducing the plant height, test weight 
and oil content (Figure 1). If the attack starts before flowering, 
yield reduction is significant and many plants can die. The 
absence of effective chemical control and resistant hybrids of 
comparable yield potential had made the accurate evaluation of 
yield losses produced by this disease difficult. One study with 
isohybrids (resistant and susceptible versions) conducted in 
Argentina estimated a 30% yield reduction in susceptible 
hybrids.  (Creus et al, 2007). The resistant isohybrid showed 
increased percent radiation interception and radiation use 
efficiency. The effect of the disease on the crop growth rate was 
evident after flowering. Up to that phenological stage, leaf 
expansion, radiation interception and photosynthetic rate did not 
differ between resistant and susceptible isohybrids. Figures 1 
shows a typical infection by V. dahliae in the field (Fig. 1A) and 
the biological consequences of the infection by the fungus in a 
susceptible hybrid vs the same hybrid not inoculated. 

 
Figure 1. Field with severe infection by Verticillium dahliae 
(A) and comparison of a susceptible hybrid artificially 
inoculated vs not inoculated in control conditions 

Symptoms 
The disease is characterized by a leaf wilt occasioned by the 
plugging of the conduction tissues starting from the root. It is 
thought that the fungus produces toxins which are translocated 
throughout the plant causing the chlorotic and necrotic areas 
between the veins. Verticillium wilt symptoms can be present 
on individual plants or groups of plants in a field. Initially, the 
symptoms appear on older plants, generally after the six-leaf 
stage. A mottling of the lower leaves becomes apparent (Figure 
2A) and disease symptoms progress up the plant as plants near 
maturity (Figure 2B). Tissue between leaf veins become yellow 
then brown, giving infected leaves a mottled appearance. 
Infected leaves eventually wilt, become completely dry, and die 
(Figure 2C). This situation results in a reduction of 
photosynthetic foliar surface and decline of photoasimilate 
availability. A blackening of the stems is often observed (Figure 
2D), especially near the soil line. Infected plants are stunted and 
mature early or die before flowering. The vascular system of 
infected stems is brown to black when cut in cross section 
(Figure 2E) (Sadras et al, 2000; Creus et al, 2007). 

 
Figure 2. Detailed symptoms of Verticillium wilt: Initial 
symptoms in the lower part of the plant (A); typical 
symptomatology of a plant infected by Verticillium dahliae 
before maturation(B); dry plant by the infection of the pathogen 
(C); blackening of the stems in dry plants (D); colonization of 
the vascular system by the fungus (E); and piece of stalk cut 
longitudinally showing the microesclerotia (F) 

Disease Life-Cycle and Epidemiology 
Infection occurs when soil borne microsclerotia germinate and 
penetrate sunflower roots. Germination is stimulated by root 
exudates of the host plants. The fungus penetrates the root of a 
susceptible plant in the region of elongation and the cortex is 
colonized. From the cortex, the hyphae invade the xylem vessels 
where conidia are formed. Vascular colonization occurs as 
conidia are drawn up into the plant along with water. Due to 
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fungal material and host reaction products, the vascular system 
becomes plugged, preventing water from reaching the upper 
parts of the plant even in the presence of abundant soil moisture. 
Leaves and stems deprived of water soon begin to exhibit 
symptoms of wilting and foliar chlorosis. As the infected plant 
senesces, the fungus produces microsclerotia (Figure 2F) which 
are released into the soil with the decomposition of plant 
material. Tillage then results in the further incorporation of the 
microsclerotia into the soil. The fungus survives for many years 
in this dormant form (Sadras et al., 2000). Figure 3 presents the 
life cycle of V. dahliae.  

The pathogen can be disseminated in and amongst fields in 
surface irrigation water, by the movement of infested soil and 
also with the seeds. The Verticillium wilt pathogens survive 
between sunflower crops in the soil as dormant microsclerotia 
which can survive in the soil for 10-15 years. The pathogen has 
a large host range consisting of more than 350 plant species, 
(Creus et al., 2007; Klosterman et al, 2009; Sadras et al, 2000). 
Verticillium wilt is favored by moist soils and a temperature 
range of 20-25°C. Seed transmission of V. dahliae has been 
documented and this fact can have a role in the epidemiology of 
the disease by facilitating the spread of the pathogen to new 
production areas (Klosterman et al, 2009). 

 
Figure 3. Life cycle of Verticillium dahliae 

Control and Management 
Verticillium wilt management is based mainly on the use of 
tolerant cultivars (Figure 4). Because of the presence of 
different races of the pathogen (García-Ruiz et al, 2014), it is 
possible that hybrids with good tolerance for one area do not 
behave in the same way in another region. Pioneer is studying 
the race structure of V. dahliae in the most problematic regions 
to develop hybrids with adequate tolerance profiles in each 
region. Crop rotations can be effective but long crop rotation 
(greater than 5 years) with no host crops are needed which 
cannot always be implemented. 

 
Figure 4. Resistant and susceptible hybrids in field conditions 
under a natural infection by Verticillium dahliae (A), and in 
controlled conditions followed by artificial inoculation (B) 

Bibliography 
Klosterman SJ, Atallah ZK, Vallad GE, Subbarao KV (2009) 

Diversity, Pathogenicity, and Management of Verticillium 
Species. Annu. Rev. Phytopathol 47:39–62 

Sadras V, Quiroz F, Echarte L, Escande A, Pereyra V (2000) 
Effect of Verticillium dahliae on photosynthesis, leaf 
expansion and senescence of field-grown sunflower. Ann. 
Bot. 86, 1007–1015. 

Creus C, Bazzalo ME, Grondona M, Andrade F, Leon AJ (2007) 
Disease Expression and Ecophysiological Yield Components 
in Sunflower Isohybrids with and without Verticillium 
dahliae Resistance. Crop Sci 47:703–710 

García-Carneros AB, García-Ruiz R, Molinero-Ruiz L (2014) 
Genetic and Molecular Approach to Verticillium dahliae 
Infecting Sunflower. Helia 37: 205–214. 

García-Ruiz R, García-Carneros AB, Molinero-Ruiz L (2014). 
A new race of Verticillium dahliae causing leaf mottle of 
sunflower in Europe. Plant Disease 98: 1435. 

 


	Causal Organism, Importance and Geographical Distribution
	Verticillium wilt is caused by the fungus Verticillium dahliae Klebahn. It is a soil-borne pathogen with a broad host range which causes premature death and wilt in sunflower. It has been described that V. dahliae can infect more than 400 plant specie...
	Figure 1. Field with severe infection by Verticillium dahliae (A) and comparison of a susceptible hybrid artificially inoculated vs not inoculated in control conditions
	Symptoms
	The disease is characterized by a leaf wilt occasioned by the plugging of the conduction tissues starting from the root. It is thought that the fungus produces toxins which are translocated throughout the plant causing the chlorotic and necrotic areas...
	Figure 2. Detailed symptoms of Verticillium wilt: Initial symptoms in the lower part of the plant (A); typical symptomatology of a plant infected by Verticillium dahliae before maturation(B); dry plant by the infection of the pathogen (C); blackening ...
	Disease Life-Cycle and Epidemiology
	Infection occurs when soil borne microsclerotia germinate and penetrate sunflower roots. Germination is stimulated by root exudates of the host plants. The fungus penetrates the root of a susceptible plant in the region of elongation and the cortex is...
	The pathogen can be disseminated in and amongst fields in surface irrigation water, by the movement of infested soil and also with the seeds. The Verticillium wilt pathogens survive between sunflower crops in the soil as dormant microsclerotia which c...
	Figure 3. Life cycle of Verticillium dahliae
	Control and Management
	Verticillium wilt management is based mainly on the use of tolerant cultivars (Figure 4). Because of the presence of different races of the pathogen (García-Ruiz et al, 2014), it is possible that hybrids with good tolerance for one area do not behave ...
	Figure 4. Resistant and susceptible hybrids in field conditions under a natural infection by Verticillium dahliae (A), and in controlled conditions followed by artificial inoculation (B)
	Bibliography


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /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 true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 250

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.33200

  /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 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.33333

  /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 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 900

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.25000

  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /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 /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



