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Abstract. Ceratocystis fimbriata has been associated with decline disorders of several fruit and forest trees. In 2006 this
pathogen was isolated for the first time from declining mango trees in Pakistan. It has also recently been isolated from samples
of declining shisham trees and pathogenicity tests have confirmed that it is indeed responsible for the decline disorders
observed on shisham tress in Pakistan. This is the first record of C. fimbriata in association with shisham decline and the first
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time it is demonstrated to be the etiological agent of this important disease.

Shisham (Dalbergia sissoo), a member of the Fabaceae, is an
important forest tree in Pakistan, the Indian sub-continent and
other parts of the world. The tree was introduced into Pakistan a
century ago from Nepal (Khan ef al. 2004). It is attacked by a
number of diseases among which decline, quick wilting or sudden
death are the most important. This problem is not unique to
Pakistan and has been reported from various countries where the
shisham tree is grown (Bajwa et al. 2003). However, the severity
of the decline disorder varies from country to country and
regionally within the same country. In Bangladesh, for
example, it has caused up to 55% mortality of the shisham
population (Webb and Hossain 2005), while in Pakistan it has
destroyed up to 80% of the tree populations along canal banks
and up to 40% along highways and roadsides in the Punjab
province (Bajwa et al. 2003).

The symptoms of the disease include initial dieback of
branches and later, bark splitting and gummosis from the main
stems which result finally in tree death (Fig. 1). Other symptoms
also observed on infected trees are: wilting, cankers, internal
chlorosis and necrosis (Fateh ez al. 2006). Many fungi have been
reported to be associated with shisham decline. These include:
Fusarium solani (Bakshi 1954), Ganoderma Iucidum (Sharma
et al. 2000), Phytophthora cinnamomi (Gill et al. 2001) and
Botryodiplodia theobromae (Khan et al. 2004).

Ceratocystis fimbriata (Ceratocystiaceae: Microascales) has
been reported from a number of hosts around the world showing
similar decline symptoms. These include mango (Mangifera
indica), coffee (Coffea arbica), apricot (Prunus armeniaca),
almond (Prunus amygdalus), Eucalyptus spp (Baker et al.
2003), citrus (Citrus sp.) (Borja et al. 1995) and rubber (Hevea
brasilliensis) (Silveira et al. 1994). No previous record was found
in the literature of an association of this fungus with shisham
decline, but a possible association of this fungus with the disease
was conjectured because of symptom similarities between
shisham decline and mango decline caused by C. fimbriata.

© Australasian Plant Pathology Society 2010

Fig. 1.
gummosis from Ceratocystis fimbriata infection.

Mature shisham tree showing initial infection symptoms of stem

In October 2008, samples were collected from the collar
portions of declining shisham trees in the vicinity of the
National Agriculture Research Centre (NARC), Islamabad,
Pakistan, using a sharp axe. The wood samples were further
cut into small pieces, placed in a plastic bag and taken to the
NARC research laboratory. In the lab, the pieces were washed
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with distilled water, surface sterilised in 10% commercial bleach
for 1 min and then dried over sterilised filter paper for 1 h. Some
of the pieces were then aseptically transferred to the centre of
90-mL Petri plates containing potato dextrose agar (PDA) and
incubated at 20 +2°C.

Ten days after incubation, the growing colonies from the
wooden pieces were sub-cultured to fresh PDA plates and
incubated under the same conditions for further growth and
sporulation. Ten days later, the fungal colonies were examined
under a compound microscope (Labomed LX-400 fluorescent
microscope; Hicksville, NY, USA). Fungal structures were
mounted on 70% ethanol followed by an additional drop of
lactophenol for observation under the microscope.

The sporulating fungi obtained from the stem pieces had a
morphology equivalent to that of C. fimbriata, as described in
Morgan-Jones (1967), and Fusarium solani which has recently
been described and reported to be associated with shisham decline
(Rajput et al. 2010). However, C. fimbriata is recorded here for
the first time in association with shisham decline. The fungus
obtained from diseased trees had the following morphology:
mycelium initially hyaline becoming mouse-grey or greenish
brown. After 5 days the conidiophores gave rise to large numbers
of conidia in chains with hyaline and dark pigmented colours;
perithecia globose (140-200um), black with a long neck,
700-800 um long; ascospores hat-shaped, 4-8 um x 2—5 um,
hyaline (Fig. 2); conidia of two kinds: catenulate, rectangular,
truncated, 11-18 um x 4—6um, hyaline endoconidia and
cantenulate, oval, 8-16 x5-12um, thick-walled, brown,
aleuriconidia (Fig. 3). The cultures of C. fimbriata were
deposited in the collection of the Department of Mycology and
Plant Pathology, Quaid-i-Azam campus, University of Punjab,
Lahore-Pakistan (accession number FCBP 1012).

A pathogenicity test was carried out in order to confirm the
association of the isolated fungi with the disease. A total of 20
18-month-old shisham plants, each 115-120 cm tall, grown in
pots in greenhouse conditions, were used. The inoculations were
carried out with C. fimbriata and F. solani isolates from the
declining trees separately and also in combination with the two
fungi. Five plants were inoculated in each treatment, using a flap

Fig. 2. Long-necked perithecia of Ceratocystis fimbriata isolated from an
infected shisham tree (bar=600 um).
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method normally used for such stem inoculations. A T-shaped
incision (1.5 cm long) was made in the collar portion of the stem
up to a depth of 4-5 mm and a 5 mm mycelial plug taken from
freshly grown cultures of each fungus was placed below the bark
at the incision site and the area was sealed with Parafilm (Igbal
et al. 2010). Five plants with a similar flap injury were inserted
with only culture medium plugs and served as controls.
Observations were then made on every other day for any
symptom developments.

Decline symptoms were observed after 8 weeks, both on plants
inoculated with C. fimbriata individually and on plants inoculated
with C. fimbriata combined with F. solani. (Fig. 4). Plants
inoculated with C. fimbriata alone, showed drooping of leaves,
bark splitting 2-3 inches above inoculation point oozing gum.
‘When the bark was removed at these sites, necrotic dark brown to
black tissue was observed. Similar symptoms were observed in
the case of combination treatments with C. fimbriata and
F. solani. No conspicuous symptoms were observed on the
five plants inoculated with F. solani alone, although a few

Fig. 3. Conidia and conidiophore of Ceratocystis fimbriata isolated from
an infected shisham tree (bar= 10 um).

Fig. 4. Young shisham plants showing bark-cracking symptoms from
Ceratocystis fimbriata infection.
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leaves dried up on some of the plants. Control plants remained
healthy. Both fungi were reisolated from the diseased plants, thus
confirming the association of C. fimbriata alone and in
combination with F. solani with the shisham tree decline
disease. Further molecular studies are in progress to determine
whether C. fimbriata from shisham is the same fungus involved in
mango decline. Ceratocystis fimbriata is known to be a large
complex of species and a more precise identification of the
population attacking shisham is of significance for better
understanding of this important disease and its management.

References

Baker CJ, Harrington TC, Kraus U, Alfenas AC (2003) Genetic variability and
host specialization in the Latin American clad of Ceratocystis fimbriata.
Phytopathology 93, 1274-1284. doi:10.1094/PHYTO0.2003.93.10.1274

Bakshi BK (1954) Wilt of shisham (Dalbergia sissoo Roxb.) due to Fusarium
solani, the wilt organism in the soil. Nature 174, 278-279. doi:10.1038/
17427820

Bajwa R, Javid A, Shah MBM (2003) Extent of Shisham (Dalbergia sissoo
Roxb.) decline in Sialkot, Gujranwala, Lahore and Sargodha Districts.
Mycopathology 1, 1-5.

Borja DC, Caycedo JEL and Rios JAL (1995) El secamiento de los citricos en
la zona cafetera central. Cenicafé Avances Tecnicos No. 212.

Fateh FS, Kazmi MR, Ahmad I, Ashraf M (2006) Ceratocystis fimbriata
isolated from vascular bundles of declining mango trees in Sindh,
Pakistan. Pakistan Journal of Botany 38, 1257-1259.

Gill MA, Ahmed I, Khan AU, Aslam M, Ali S, Rafique M, Khan M (2001)
Phytophthora cinnamomi—a cause of Shisham decline in Punjab, Pakistan,
pp. 33-37. Proceedings of the 3rd National Conference on Plant
Pathology (Oct), 1-3 [NARC, Islamabad].

Australasian Plant Disease Notes 65

Igbal Z, Pervez MA, Saleem BA, Ahmad S, Dasti AA, Saleem A (2010)
Potential of Fusarium mangiferae as an etiological agent of mango
malformation. Pakistan Journal of Botany 42, 409—415.

Khan SH, Idrees M, Muhammad F, Mahmood A, Zaidi SH (2004) Incidence
of Shisham (Dalbergia sissoo Roxb.) decline and in vitro response of
isolated fungus sp. to various fungicides. International Journal of
Agricultural Biology 6, 611-614.

Morgan-Jones G (1967) Ceratocystis fimbriata. C.M.1. descriptions of
pathogenic fungi and bacteria. No. 141. Kew, Survey, United
Kingdom: Commonwealth Mycological Institute, 2 pp.

Rajput NA, Pathan MA, Rajpoot AQ, Jiskani MM, Lodhi AM, Rajput SA,
Khaskheli MI (2010) Isolation of fungi associated with shisham trees and
their effect on seed germination and seedling mortality. Pakistan Journal
of Botany 42, 369-374.

Sharma MK, Singal RM, Pokhriyal TC (2000) Dalbergia sissoo in India.
Proceedings of the Sub-regional seminar “Die-Back of Sissoo (Dalbergia
sisso0)”. Kathmandu, Nepal, 25-28 April 2000. (Eds S Appanah,
G Allard, SM Amatya). FO:GCP/RAS/163NET, Field Document
No. 18, FORSPA/DFRS, Nepal/FAO, 65pp.

Silveira AP, Oliveira DA, Cardoso RMG, Neto FB, Ortolani AA, Godoy G Jr
(1994) Caracterizagdo do prejuizo provocado pelo mofo cinzento
(Ceratocystis fimbriata) em painéis de seringueira (Hevea brasiliensis).
Summa Phytopathologica 20, 196-199.

Webb EL, Hossain SMY (2005) Dalbergia sissoo mortality in Bangladesh
plantations: correlations with environmental and management
parameters. Forest Ecology and Management 206, 61-69. doi:10.1016/
j.foreco.2004.10.055

Manuscript received 8 June 2009, accepted 29 May 2010

http://www.publish.csiro.au/journals/apdn




<<
  /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


