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Lichens produce a diverse range of secondary metabolites/
chemical products, many of which have been found to have
antimicrobial activity (Lawrey, 1986; Elix, 1996; Land and
Lundstrom, 1998; Shahi et al., 2001, Boustie and Grube,
2005). Most of these antimicrobial substances are phenolic
derivatives (e.g. usnic acid) and have extremely low
solubility’s in water. The present finding deals with the
evaluation of aqueous as well as acetone soluble
substances from Ramalina sp. and Stereocaulon sp. against
some common plant pathogens.

MATERIALS AND METHODS

Maintenance of fungus culture

The test fungi, Alternaria alternata (Fr.) Keissler, Aspergillus
flavus Link, and Pencill ium i talicum Wehmer were
maintained on potato dextrose agar medium. Seven day
old cultures of each fungus were used for antifungal testing.

Isolation of active constituents

Lichens material (thallus) were collected from sub temperate
climates of Mizoram, India; washed with distilled water and
dried at room temperature. A stock solution of aqueous and
acetone extract were prepared by macerating 10 g of lichen
material in 20 ml each of sterile distilled water and acetone
respectively, using a pestle and mortar followed by filtering
through muslin cloth and a Millipore filter (pore size 0.22
mm).

Antifungal screening

The antifungal activity of the extracts was determined
following the modified spore germination inhibition
technique (MSGIT) of Shahi et al (1997) with a slight
modification of Shukla (2010). Potato dextrose broth was
prepared and amended with Penicillin G (5 mg/l) and

Streptomycin sulphate (5 mg/l) in the medium at 40°C in
order to prevent bacterial growth, as suggested by Gupta
and Banerjee (1970). Culture discs containing spores (5
mm diameter) cut out from the 7 day old cultures, grown in
petri dishes were transferred aseptically in flasks (100ml)
containing the broth, and shaken well for even distribution
of spores. The numbers of spores were counted per
microscopic field using ‘Modified Cytometer Technique’
(MCT) (Shahi et al, 1997). The diameter of Microscopic field
was measured by using micrometer and then the area and
volume of microscopic field was calculated by the formula:

AMF = πr² VMF = (AMF) h

where,

AMF = area of microscopic field;

VMF = volume of microscopic field;

h = thickness of medium (in between slide and cover
glass) 0.1 mm.

The number of spores (average count value of 5
microscopic fields) was counted just by eliminating the
overlapped spores. The number of spores in the volume of
microscopic fields (NSV) was calculated by the formula:

NSV = ANS/VMF

where,

ANS = average number of spores in microscopic field.

The volume of liquid medium (VLM) per microscopic field
was calculated by the formula:

VLM = 2rh

The total inoculum density (TID) was calculated in the initial
volume of medium as per formula:

TID = (NSV/VLM) IVM

where,

IVM = initial volume of medium.
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The effective concentration of water and acetone
extracts were determined by dissolving requisite quantity
of extracts in water and acetone respectively (2% of the
required quantity of the seed medium) and mixed it to the
standardized inoculums suspension, in the culture tubes.
In controls, sterilized water was used in place of the extracts.
Culture tubes thus prepared were incubated at 27°±1°C
and the observations were recorded at the interval of 24 hr
up to 96 hr, by counting the number of germinated spores.
Percent inhibition of spore germination (SGI) was calculated
as per formula:

(Gc - Gt) 100
SGI (%) = ——————

Gc

where,

Gc = number of spore germination in control;

Gt = number of germinated spore in treatment

Fungitoxic spectrum

The fungitoxic spectrum with the aqueous as well as
acetone extracts of both the lichens (Ramalina and
Stereocaulon spp), at 50.0 µl/ml was also determined
against some plant pathogenic fungi viz., Aspergillus
parasiticus Speare, Cladosporium cladosporioides
(Fresenius) de Vries, Curvularia lunata (Wakker) Boedijin,
Colletotrichum capsici (Syd.) Butler & Bisby, C. falcatum
Went, Fusarium oxysporum Schlecht, F. udum de vries,
Helminthosporium maydis Nisikado & Miyakel, H. oryzae
Breda de Haan, Penicillium implicatum Biourge and P. minio-
luteum Dierckx; using the MSGIT of Shahi et al (1997) with
a slight modification of Shukla (2010).

All the experiments were repeated twice and each
contained three replicates; the data presented in the tables
are the mean values.

RESULTS

In vitro antifungal investigations

The data reveals that the percentage of spore germination
inhibition with aqueous extract of Ramalina sp. in A. alternata
ranged from 6.89 to 100.00 at the concentration 0.1 to 50
µl/ml respectively while with acetone extract it ranged from
17.24 to 100.00 at the same concentrations, percentage of
spore germination inhibition with aqueous extract in A. flavus
ranged from 8.33 to 100.00 at 0.1 to 50 µl/ml respectively
while in acetone extract it ranges from 12.5 to 100.00 at the
same concentrations. Inhibition with aqueous extract in
Pencillium italicum ranged from 11.53 to 100.00 at 0.1 to 50
µl/ml, while with acetone extract it ranged from 11.53 to
100.00 at the same concentrations. Spore germination
inhibition with aqueous extract of Stereocaulon sp. in
A. alternata ranged form 10.34 to 100.00 at 0.1 to 50 µl/ml;
for A. flavus ranged from 12.50 to 100.00 at the
same concentrations and for P. italicum percent inhibition
ranged from 15.38 to 100.00 at the respective
concentrations.

Percent spore germination inhibition with acetone
extract in A.alternata ranged from 13.79 to 100.00 at 0.1 to
50 µl/ml, in A. flavus ranged 16.66 to 100.00 at the same
concentration and in P. italicum 15.38 to 100.00 at the
respective concentrations (Table 1 & 2).

Table 1. Antifungal activity of Ramalina sp

Concentration                      Spore germination inhibition (%)

Aqueous extract Acetone extracts

Alternaria alternata Aspergillus flavus Penicillium italicum Alternaria alternata Aspergillus flavus Penicillium italicum

00.00 7.25 6.00 6.50 7.25 6.00 6.50
00.10 6.89 8.33 11.53 17.24 12.50 11.53
01.00 17.24 20.83 23.07 27.58 25.00 23.07
05.00 31.03 29.16 34.61 55.17 41.66 42.30
10.00 51.72 41.66 46.15 62.06 54.16 53.84
20.00 94.60 82.66 86.25 100.00s 88.16 100.00s

50.00 100.00c 100.00s 100.00c 100.00c 100.00c 100.00c

sindicates static; cindicates cidal in nature

Table 2. Antifungal activity of Stereocaulon sp

Concentration                      Spore germination inhibition (%)

Aqueous extract Acetone extracts

Alternaria alternata Aspergillus flavus Penicillium italicum Alternaria alternata Aspergillus flavus Penicillium italicum

00.00 7.25 6.00 6.50 7.25 6.00 6.50
00.10 10.34 12.50 15.38 13.79 16.66 15.38
01.00 34.48 25.00 38.46 34.48 29.16 30.76
05.00 44.82 41.66 46.15 58.62 45.83 50.00
10.00 58.62 50.00 53.84 65.51 58.33 61.53
20.00  98.12 88.60 96.20 100.00c 94.66 100.00s

50.00 100.00c 100.00s 100.00c 100.00c 100.00c 100.00c

sindicates static; cindicates cidal in nature
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Table 3. Fungitoxic spectrum of Ramalina sp with aqueous and
acetone extract

Fungi Tested                            Ramalina sp (50.0 µl/ml)

Aqueous Acetone
Extract Extract

Plant Pathogens

Aspergillus parasiticus 100s 100c

Cladosporium cladosporioides 100c 100c

Curvularia lunata 100s 100c

Colletotrichum capsici 100c 100c

C. falcatum 100c 100c

Fusarium oxysporum 100c 100c

F. udum 100c 100c

Helminthosporium maydis 100c 100c

H. oryzae 100c 100c

Penicillium implicatum 100s 100c

P. minio-luteum 100c 100c

sindicates static; cindicates cidal in nature

Table 4. Fungitoxic spectrum of Stereocaulon sp with aqueous and
acetone extract

Fungi Tested                             Stereocaulon sp (50.0 µl/ml)

Aqueous Acetone
Extract Extract

Aspergillus parasiticus 100s 100c

Cladosporium cladosporioides 100c 100c

Curvularia lunata 100c 100c

Colletotrichum capsici 100c 100c

C. falcatum 100c 100c

Fusarium oxysporum 100c 100c

F. udum 100c 100c

Helminthosporium maydis 100c 100c

H. oryzae 100c 100c

Penicillium implicatum 100c 100c

P. minio-luteum 100c 100c

sindicates static; cindicates cidal in nature

Table 5. Comparative efficacy of the lichen extracts with some synthetic fungicides

Trade Names of Active Ingredients Characteristics features Plant Pathogens (MECs)

Plant/ Synthetic Alternaria Aspergillus Penicillium
Fungicides alternata flavus italicum

Ramalina sp Extract (aqueous Renewable, biodegradable, non-residual toxicity. 20 µl/ml 50 µl/ml 20 µl/ml
& acetone)

Stereocaulon sp Extract(aqueous Renewable, biodegradable, non-residual toxicity. 20 µl/ml 50 µl/ml 20 µl/ml
& acetone)

Benlate Benomyl Non-renewable, non-biodegradable and residual 7.0 µl/ml 7.0 µl/ml 6.0 µl/ml
toxicity.

Mancozeb Zn, Mn, Ethylene Non-renewable, non-biodegradable and residual 2.6 µl/ml 2.6 µl/ml 6.0 µl/ml
bis-dithiocarbamate toxicity
(Zn 2%, Mn 16%, Ethylene
bis-dithiocarbam 62%)
(75% ww)

Thiram Tetra methyl thiram Non-renewable, non-biodegradable and residual 10.0 µl/ml 10.0 µl/ml 7.0 µl/ml
disulfide (75%ww) toxicity

*MEC=Minimum Effective Concentration

DISCUSSION

Antifungal efficacy of 50% ethanolic extract from some
macrolichens, Parmelia tintorum, Ramalina sp., Teloschistes
flavicans, Usnea undulate had been tested by Dikshit (1991)
against pathogenic fungi Aspergillus flavus only. However,
in the present investigation two moulds A. flavus and P.
italicum and a filamentous fungus A. alternata have been
selected to evaluate the broad spectrum antifungal activity
of extracts. Aqueous extracts from Nephroma articum,
Heterodermia leucomela (Shahi et al., 2001) and Parmelia
cirrhatum (Dikshit, 1991) have been tested for their
antifungal efficacy against some plant and human
pathogenic fungi and found encouraging results. However,
in the present communication, the acetone extracts of
Ramalina sp. and Stereocaulon sp. have been found more
effective than aqueous extracts. To the best of our knowledge
the antifungal activity as well as fungitoxic spectrum of
aqueous and acetone extracts of the samples against tested
plant pathogenic fungi is reported for the first time. Thus, the

Fungitoxic Spectrum

The fungitoxic spectrum with the aqueous as well as
acetone extracts of both the lichens (Ramalina and
Stereocaulon spp), at 50.0 µl/ml contains a broad fungi toxic
spectrum. Further, the nature of toxicity of the aqueous
extract (50.0 µl/ml) of Ramalina sp. against the test fungi
Aspergillus parasiticus, Curvularia lunata and Penicillium
implicatum was static (a conc which checks the growth but
could not kill the organism), however, with the acetone
extract (50.0 µl/ml), it was cidal (lethal) against all the test
fungi (Table 3). In case of Stereocaulon sp. the nature of
toxicity with the aqueous extract (50.0 µl/ml), was static only
against the Aspergillus parasiticus, however, it was cidal
against all the test fungi, in aqueous as well as acetone
extract (Table 4). The comparative analysis of the aqueous
and acetone extracts of the lichens (Ramalina and
Stereocaulon spp), with some synthetic fungicides viz.,
Benlate, Mancozeb, Thiram were also investigated (Table 5).
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finding will be useful for the conservation of taxa also by
isolation, characterization and identification of the active
principle(s), which could be used (after detailed in vitro and
in vivo investigations), for the development of harmless and
effective antifungal formulations.

ACKNOWLEDGEMENTS

The authors are thankful to the Head, Department of Botany,
University of Allahabad for providing the research facilities;
to Dr. Ram Sajeevan Shukla, Plant Pathology Division,
Central Institute of Medicinal & Aromatic Plants, Lucknow
for providing the microbial expertise. Besides, the authors
are highly thankful to the peoples of Mizoram as well as the
authorities of the Mizoram University, Aizawl, for providing
various kinds of supports during the course of the research
work.

Further, the Department of Science and Technology,
New Delhi (Ref No. SR/WOS-A/ LS-04/ 2009) is also
acknowledged for providing the financial assistance.

REFERENCES

Beye, F. (1978). Insecticides from vegetable kingdom. Plant Res.
Devel. 7: 13-31.

Brandes, C.A. (1967). Commercial development of fungicides:
246-247. Holton et al. (eds), Plant Pathology-Problem and
Progress 1908-58: 246-247. Indian University Press.

Boustie, J. and Grube, M. (2005). Lichens- a promising source of
bioactive secondary metabolites. Plant Genetic Resources
3(2): 273-287.

Dikshit, A. (1991). Antifungal activity of some micro-lichens. Proc.
Int. Conf, on Global Envir. Diver. (abs.) pp.53.

Elix, J.A. (1996). Biochemistry and secondary metabolites. In
Lichen Biology (T.H. Nash III ed.): 154-180, Cambridge
University Press.

Gupta, S. and Banerjee, A.B. (1970). A rapid method of screening
antifungal antibiotics producing plants. Indian J. Exptl. Biol. 8:
148-149.

Land, C.J. and Landstrom, H. (1998). Inhibition of fungal growth
by water extracts from the lichens Nephroma articum.
Lichenologist 30: 259-262.

Lawrey, J.D. (1986). Biological role of lichen substances. Bryologist
89: 111-122.

Shahi, S.K., Shukla, A.C., Dikshit, S. and Dikshit, A. (1997).
Modified spore germination inhibition technique for
the evaluation of candidate fungi toxicantss (Eucalyptus
sp.): Diagnosis and Identification of Plant Pathogens.
(eds. Dhene, H.W., Adam, G., Diekmann, M., Frahm, J.,
Maular Machnik, A. and Halteren, P. Van), 257-263 Dordrecht,
Kluwer.

Shahi, S.K., Shukla, A.C., Dikshit, A. and Uperti, D.K. (2001)
Broad spectrum antifungal properties of the lichen
Heterodermia leucomela. Lichenologist 33(2): 177-179.

Shukla, A.C. (1998). Fungitoxic studies of some aromatic plants
against storage fungi. D. Phil Thesis, Unviersity of Allahabad,
India.

Shukla, A.C. (2010). Bioactivities of the major active constituents
isolated from the essential oil of Cymbopogon flexuosus
(Steud.) Wats and Trachyspermum ammi (L) Sprague as a
herbal grain protectant(s). D.Sc. Thesis, University of
Allahabad, India.

Shukla, A.C., Shahi, S.K. and Dikshit, A. (2000). Epicarp of Citrus
sinensis: a potential source of natural pesticide. Indian
Phytopath. 53: 318-322.

Singh, R., Shukla, A.C. and Prasad, L. (2007). Antifungal Screening
of some higher plants against storage fungi. Progressive
Agriculture 7(1-2): 128-131.

Received for publication: May 18, 2011
Accepted for publication: October 02, 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


