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Chapter I
INTRODUCTION

Fungi are heterotrophs and subsist mainly on live or dead, plant or animal-derived organic
matter. They are ubiquitous in nature and are the second largest group of living organisms
after insects (Hawksworth, 1991). Number of species of fungi around the world has been
estimated to be 1.5 million about 80,000 of which have so far been described and
documented (Hawksworth et al., 1995; Kirk et al., 2001).
Fungi live on plants as saprophytes, parasites and mutualists. The association of
fungi with plants is so intense that they form an amalgamation with one another. Richness
in fungal diversity is attributed to the highly diverse plant species and varied vegetation
types in the world's ecosystems especially in the tropics which embody a flourishing
diversity of fungi (Hyde, 1997). An exceedingly large number of novel fungi discovered
from the tropical belt in the recent years are a testimony of richness of fungal kingdom
(Hyde, 1992; Bhat and Kendrick, 1993; Castafteda and Kendrick, 1991; Subramanian and
Bhat, 1987).

1.1

Diversity of fungi

Fungal diversity of several parts of the world is known (Kirk et al., 2001). This includes
floristic information of fungi from soil, plant parts and litter, herbivore dung,
entomogenous, freshwater and marine (Barron, 1968; Ellis, 1971, 1976; Ingold, 1975;
Matsushima, 1971, 1975; Subramanian, 1971, 1985; Dix and Webster, 1995; Kohlmeyer
and Kohlmeyer, 1979).
About one-third of the world mycota so far described is known from India
(Jamaluddin et al., 2004; Sarbhoy et al., 1996). Two mega-biodiversity zones in India,
viz. the forests of Western Ghats and Eastern Himalayas, are said to be rich in fungal
diversity (Bhat, 2000; Bhat et al., 2008). Informative data on fungal flora of varied habits
and habitats of the Western Ghats are now available (D'souza, 2002; Jacob, 2000; Jalmi,
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2006; Keshava Prasad, 2004; Nair, 2002; Subramanian, 1971).
Fungi have generally been diagnosed and classified based on morphology of
spores and spore producing structures. Criteria such as cultural characters and
developmental biology have been added as useful tools in subsequent years. Reliable
diagnostic tools and excellent taxonomic keys are available for identification of fungi
(Kirk et al., 2001). Lately, taxonomic identification and examination of phylogenetic
relationships among different fungal groups have been facilitated by molecular tools such
as polymerase chain reaction (PCR). Using this as a principle process, several methods
such as DNA- DNA hybridization, restriction enzyme analysis (RFLP), amplification
using random primers (RAPD), amplification of microsatellite DNA, sequence analysis,
electrophoretic karyotyping and others have been designed and used in diversity studies
(Bruns et al., 1991). With high throughput genomic sequence data of fungi as well as
other organisms becoming available at gene-banks, efforts are on to find out what genes
fungi have in common with plants, animals and bacteria and which ones are specific to
fungi (Hsiang and Baillie, 2004).
Over the years, several studies have been done to document the diversity of plantassociated fungi from various forest types (Dix and Webster, 1995). By far, high diversity
of fungi has been observed in plant associated microhabitats such as leaf surface, internal
plant tissues and plant debris (Bhat et al., 2008).

1.2

Ecology of Fungi

Fungi play a major role in the decomposition of plant matter where most of the carbon of
terrestrial ecosystems is otherwise entrapped (Cooke and Rayner, 1984; Swift et al.,
1979). Fungal saprotrophs proficiently colonize dead herbaceous plant parts. The plant
debris in the soil offers an extended refuge for this group of fungi to subsist for long
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(Hestbjerg et al., 1999). Saprotrophic fungi include members of all groups of fungi, viz.
Zygomycotina, Ascomycotina and Basidiomycotina and their anamorphs. These often
appear in succession on plant substrates (Osono et al., 2006; Sherwood and Carroll,
1974). Most saprotrophs occur ubiquitously on plant substrates whereas certain fungi are
specialized and grow only on specific plant debris (Rambelli et al., 2004).
A wide yariety of fungi colonize the leaf even before senescence. These include
both phytopathogens and phylloplane fungi. The phylloplane i.e. the surface of plant
leaves, represent an important above ground level habitat for fungi (Girivasan and
Suryanarayanan, 2004). The diversity and density of these epiphytic fungi are influenced
by factors such as humidity, temperature, incidence of sunlight, nutrient availability, leaf
age and type, presence of inhibitors and arrival and settlement of viable propagules (Pugh
and Buckley, 1971). The plant exudates secreted and thin nutrient films deposited from
the atmosphere on the leaf surface further facilitates the microbial colonization (Kinkel,
1997). As plants grow new surfaces become available for fungi. Depending on the
susceptibility of host plant, some fungi become'phytopathogenic.
Spores settled on the aerial surface of leaves prior to senescence are better-positioned to
initiate and carry out the substrate decomposition (Frankland, 1998).All these
observations motivated mycologists and plant pathologists to look at the phylloplane as a
distinct micro-habitat for study of leaf surface micro-flora and their dynamics.
Phylloplane fungi have been recorded from several plant species in the tropical and
temperate ecosystems (Kirk, 1995; Inacio et al., 2002) Anamorphic ascomycetes are
found to be the most dominant class of fungi occurring in the phylloplane (Dix and
Webster, 1995).
`Endophytes' are the asymptomatic internal tissue colonizing fungi. They are
reported from all hitherto plants surveyed. They form a large, unquantified component of
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fungal diversity. Endophytes generally do not exhibit much of host preference, though
some host specific fungi have been identified (Arnold and Lutzoni, 2007; Saar et al.,
2001). Tissue specificity, however, is also observed in several cases. Majority of the
endophytes isolated so far were Ascomycetes and their asexual forms although
Zygomycetes and Basidiomycetes have also been reported (Carroll, 1988; Petrini et al.,
1992).
Endophytism is considered to be one of the factors in microbial speciation and
biodiversity (Stone et al., 2000). Surveys done on tropical angiosperms in the recent years
suggested that tropical endophytes are hyper-diverse (Arnold et al., 2000). The
endophytic diversity world over is estimated to be around 1.3 million (Dreyfuss and
Chapela, 1994).

1.3

Associative role of fungi

Fungi as saprobes release entrapped carbon by converting the organic debris into humus
and thus form important mediators in litter decomposition, nutrient cycling and energy
flow in forest ecosystems. They are the dominant recyclers of carbon and inorganic
nutrients in the forests and thereby aid in maintaining the biogeochemical cycles of
nature. Fungi as pathogens inflict various plant diseases and play damaging roles in the
forest. Phylloplane fungi are found to be strongly antagonistic to these phytopathogens.
Endophytic fungi occupy a unique ecological niche and influence distribution, ecology,
physiology and biochemistry of their host plants. Intimate and co-evolutionary
association of endophytes with their host plant provides them a potential to influence the
mechanism of plant defenses. They reside within the leaf tissues and act as asymptomatic
mutualists, benign commensals or latent pathogens. They aid the plants to overcome
abiotic stresses and deter pathogens, insect attack and herbivory (Dix and Webster, 1995).
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Molecular data and fossil records suggest that endophytic associations occurred since
antiquity and that some of the host-fungus associations known today existed since the
olden times (Selosse and Tacon, 1998). Often endophytes are considered as more evolved
forms of plant pathogenic fungi as they maintain a balanced antagonism between host
defense and virulence. A slight imbalance in this relation can lead to pathogenic phase of
the endophyte (Andrews and Hirano, 1991). The endophytes received considerable
attention in the last nearly 25 years when their effectiveness in host protection was
recognized (Azevedo et al., 2002).
The distinction among endophytes, epiphytes and saprotrophs is said to be purely
academic and it is difficult to draw limits between the fungi occurring in these ecological
groups (Azevedo et al., 2002).

1.4

Activity of fungi

Fungi outstrip bacteria in their ability to secrete a wide variety of enzymes with which
they are able to degrade all kinds of organic matter. Fungi occupy a special place in the
production of life-saving drugs, food additives, biocontrol principles and biofertilizers.
Since the discovery of penicillin and other fungus-derived healthcare biomolecules, fungi
are looked upon as producers of invaluable drugs (Azevedo et al., 2002). Many of the
pharmaceutical produces in clinical use today are developed from fungal metabolites. The
endophytes are recognized as sources of novel and beneficial secondary metabolites
(Santos, et al., 2003; Bills and Polishook, 1991). Efforts are now on to isolate creative
fungi occurring on medicinal and aromatic plants, from bioprospecting point of view
(Wiyakrutta et al., 2004).

1.5

Present work

Earlier studies carried out in this Department and elsewhere, on diversity, ecology and
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activity of aquatic, entomognous, endophytic, foliicolous and litter fungi, associated with
plants of the Western Ghats, provided an enduring and wealth of information on fungi of
the region (D'souza, 2002; Jacob, 2000; Jalmi, 2006; Keshava Prasad, 2004; Nair, 2002).
The present work was taken, with following objectives, as an extension of the earlier
efforts.
❖ Collection, isolation and culturing of epiphytic, endophytic and litter fungi
associated with selected medicinal plants.
❖ Taxonomic characterization, both conventional and molecular, of recovered fungi.
❖ Screening the isolated fungi for their activity.
❖ To qualify the ecological association of isolated fungi with respective medicinal
plants.
Fifteen commonly known medicinal plants of this region (Rao, 1985, 1986), viz.
Achyranthes aspera, Aegle marmelos, Alstonia scholaris, Andrographis paniculata,
Centella asiatica, Cymbopogon citratus, Emblica officinalis, Garcinia indica, Justicia
adhatoda, Hemidesmus indicus, Ocimum tenuiflorum, Piper belle, Semecarpus
anacardium, Strychnos nux-vomica and Syzygium cumini, from Colem in Sanguem taluka
and Mashem in Canacona taluka of Goa, India, were studied for their phylloplane,
endophyte and litter fungi. Some of the isolated fungi were screened for their biological
activity.
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Chapter II
REVIEW OF LITERATURE

Microbial diversity, interactions between them and the surrounding biotic and abiotic
environment, are all essential in the orderly maintenance of ecological communities. In
these, fungi influence important ecological processes, such as, decomposition of dead
plant parts and thereby nutrient recycling, development of pathological symptoms on
healthy plants and asymptomatic interactions between plants and fungi (Dix and Webster,
1995).

2.1

Diversity of fungi:

Several recent authors (Cannon, 1997; Hammond, 1992, 1995; Hawksworth, 1991; May,
2000; Pascoe, 1990; Rossman, 1994; Frohlich and Hyde, 1999; Arnold et al., 2000) made
efforts to speculate the magnitude of world fungal diversity. The well agreed upon figure,
1.5 million, was that of Hawksworth (1991, 2001). Mueller and Schmit (2007) recently
reviewed the hitherto figures on fungal diversity and found that Hawksworth's estimate
was an understatement as data on biogeographic distributions, levels of endemism and
host specificity have not been taken into account while developing global status of fungal
diversity.
Cannon (1997) made efforts to overcome the practical problems such as large
number of species, lack of trained staff and appropriate manuals, time-consuming
identification and occurrence of non-sporulating isolates in cultures and proposed
parataxonomic criteria such as use of recognizable taxonomic units (RTU) in estimating
the diversity of fungi. The concept of RTUs was previously suggested by Rees (1983)
which involved segregation of morphologically distinct taxa without identification and
their enumeration.
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2.2

Phylloplane fungi

Studies on diversity and seasonal variations in fungal communities on leaf surfaces of
various plants such as Acer platanoides (Breeze and Dix, 1981), Calamus (Girivasan and
Suryanarayanan, 2004), Eucalyptus viminalis (Cabral, 1985), Hordeum vulgare (Diem,
1974), Ilex aquifolium (Mishra and Dickinson, 1981), mangroves (Sivakumar and
Kathiresan, 1990), Pisum (Dickinson, 1967), Pteridium aquilinum (Godfrey, 1974),
Triticum vulgare (Abdel- Hafez, 1981), Typha latifolia (Pugh and Mulder, 1971),
Avicennia alba and Rhizophora mucronata (Kuthubutheen, 1984), Carrisa congesta and
Ficus benghalensis (Jacob,2000), Liquidambar styraciflua, Quercus germana and Q.
sartorri (Heredia, 1993) and Eucalyptus stellulata, Paspalum dilatatum and. Salix
babylonica (Lamb and Brown, 1970) have been made.
Vardavakis (1988) estimated phylloplane fungal flora of Arbutus unedo, Cistus
incanus and Quercus coccifera and recorded 27 fungal species of which Aspergillus
niger, Cladosporium cladosporioides, Mucor hiemalis, Penicillium frequentans, P.
funiculosum, P. verrucasum, Rhizopus stolonifer and Trichoderma pseudokoningii were
found to be the common phylloplane taxa. Jager et al. (2001) studied the fungal diversity
of mango phylloplane and discovered that the diversity was qualitatively and
quantitatively related to leaf age, position in the tree canopy, seasonality, and prevailing
agronomic practices. They observed that the density and diversity of fungi increased
progressively with leaf age while was negatively correlated with chemical sprays. They
also observed that phylloplane fungi were more abundant during winter and spring and
most common fungal genera isolated were Cladosporium and Alternaria. Osono et al.
(2004) studied the successional pattern of phyllosphere fungi on living and decomposing
leaves of Swida controversa.
Several methods are available to study the diversity of phylloplane fungi which
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includes impression films (Dickinson, 1967; Langvad, 1980; Brainbridge and Dickinson,
1972), leaf impressions (Brainbridge and Dickinson, 1972; Lamb and Brown, 1970) and
leaf washing (Dickinson, 1967, 1973; Kuthubutheen, 1981; Brainbridge and Dickinson,
1972). Lindsey (1976) reviewed the different methods used in the study of microfungal
succession on leaf surfaces. Recently, Lee and Hyde (2002) evaluated these techniques
and found that the leaf washing method resulted in documentation of highest number of
taxa. While, Norse (1972) thought that leaf-wash overestimates species richness since
many casuals grow in the agar plates, Cabral (1985) considered the species isolated with
high frequency by leaf washing method to be true inhabitants of the phylloplane. Lee and
Hyde (2002) reported that

Cladosporium cladosporioides, C. oxysporum

and

Pestalotiopsis maculans are true phylloplane taxa as they regularly occurred on numerous
plant species. They also obtained large number of sterile mycelial forms which could
actually be some of the commonly occurring species but did not sporulate ex-situ. They
finally concluded that leaf washing technique gives only a qualitative measure which
cannot be used to quantify the diversity as some spores that adhere firmly to the leaf
surface may not get washed into water.
Pereira et al. (2002) studied the diversity of phylloplane microfungi in plants
growing in a Mediterranean ecosystem and observed that species such as Alternaria
alternata, Aureobasidium pullulans, Cladosporium cladosporioides, C. sphaerospermum
and were isolated more frequently than others and represented 80-85% of the total
isolates. Pandey (1990) studied the microfungal succession on phylloplane of Psidium
guajava and discovered that the number of fungi increased with leaf age until it reached
maturity and declined at leaf fall. He found that fungi such as Alternaria alternata,
Aspergillus niger, Aureobasidium pullulans, Cladosporium cladosporioides

and

Epicoccum purpurascens were common species that occurred during the study.. Kinkel
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(1997) studied the spatial and temporal variation in population dynamics of fungi on leaf
surfaces and found that it was dependent on immigration, emigration, growth and death of
fungal species. He observed a characteristic aggregation of microbial populations within
individual leaves, a high degree of variability in sizes of microbial population among
individual leaves and among plants. an increase in microbial population densities on
leaves over the growing season and a distinct successional sequence among the
populations.
Osono and Mori (2004) studied the distribution of phylloplane fungi within leaf
canopy of giant dogwood, Swida controversa, and found that the diversity was affected
by leaf age, canopy height and intensity of sunlight. Juniper (1991) and Kinkel (1997)
reviewed the efforts of several researchers who earlier worked on the diversity and
distribution of phylloplane. fungi. Several less endowed regions around the world have
also been surveyed for phyllosphere/phylloplane fungi. Examples include, India
(Girivasan and Suryanarayanan, 2004), Malaysia (Kuthubutheen, 1984), Mediterranean
region (Inacio et al., 2002; Pereira, et al., 2002) and Yemen Arab Republic (Alhubaishi
and Abdel-Kader, 1991).

2.3

Endophytic fungi

The term `endophyte' was first introduced by Anton De Bary in 1866, to describe
organisms that live inside the plant. Carroll (1986) and Petrini (1986) believed that
selected group of fungi are more adapted to live specifically within plant tissues and that
endophytism by some fungal taxa is a premeditated event. Several studies were conducted
thereafter to document the endophytic fungi from varied plants and plant parts and this
has been reviewed by Stone et al. (2000). Farr et al. (1989) listed 77,830 different plantfungus combinations in the United States. Petrini et al. (1992) discovered symptomless
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endophytes in over 300 plant species including angiosperms, gymnosperms, ferns and
mosses. The ubiquitous nature of endophytes was proved by isolating them from various
plant tissues and regions, even from early times. Examples included tropical grass blades
in U.S. (Clay, 1988) and needles and petioles of conifers in Europe and USA (Carroll and
Carroll, 1978; Carroll et al., 1977).
Several studies have been carried out on fungal endophytes including their
association with temperate (Petrini 1986; Carroll and Carroll, 1978) and tropical hosts
(Rodrigues, 1994; Kumaresan and Suryanarayanan 2001; Rajagopal and Suryanarayanan
2000; Rodrigues and Samuels, 1990; Suryanarayanan and Vijaykrishna, 2001; Devarajan
et al., 2002; Frohlich et al., 2000; Suryanarayanan et al., 2002, 2003). Some of the
predominant endophytic genera of tropical plants as reported from previous work are
Alternaria, Colletotrichum, Dothiorella, Fusarium, Glomerella, Guignardia,
Pestalotiopsis, Phomopsis and Xylaria (Medeiros, 1988; Rodrigues, 1991; Rodrigues and
Samuels, 1992; Azevedo et al., 2000; Gamboa et al., 2002; Johnson et al., 1992; Larran et
al., 2001; Pereira et al., 1993).
Tropical endophytes differed from their temperate counterparts in two major
aspects, i.e. higher diversity and variable distribution patterns. In temperate plants,
endophytic infections were restricted to single cells and only a small fraction of the leaf is
colonized by fungi whereas in tropical plants, the size of individual endophyte
colonization is extensive (Gamboa et al., 2002).
In a strong yearn to determine whether tropical endophytes are hyperdiverse,
Arnold et al. (2000) quantified their colonization patterns, species richness, host
preference and spatial variation in healthy leaves of two co-occurring under storey tree
species (Heisteria concinna and Ouratea lucens) from the moist tropical forest of central
Panama. They observed that many of the isolates were singletons. Data generated from

non-singletons species demonstrated that there occurred host preference and spatial
heterogeneity among isolates and that tropical endophytes may be hyperdiverse. Based on
this study, they further predicted that if continued exploration of less surveyed guilds is
done, 1.5 million species would be an underestimate of fungal diversity.
Dreyfuss (1989) speculated that endophytic fungi represent one of the largest
ecological groups of fungal species and that each vascular plant species may harbor at
least 2-4 endophytes species that is unique to that plant species. It was later speculated
that there could be at least one million species of endophytes alone (Dreyfuss and
Chapela, 1994). Gamboa et al. (2002) realized that the size of leaf controls fungal
colonization frequency thus affect overall species abundance. To maximize the number of
endophytic fungal isolates they suggested that one requires to reduce the size and increase
the number of tissue fragments plated. They further recommended the optimal fragment
size as 2.5 mm2 beyond which cutting of segments would destroy the plant tissue. They
attributed the possible reason for encountering more diversity in finely cut fragments to
the reduction in competition among fungi as in larger fragments the first fungus emerging
out could inhibit the others growing in its vicinity. Secondly smaller pieces have higher
edge: area ratio and hence more escape routes for the fungi to reach the medium.
Bills et al. (1992) studied the endophytes of Cavendishia pubescens from
Colombia. Cother and Gilbert (1994) documented a number of endophytes from Atriplex
vesicatoria in Eastern Australia, several species of which were first records as
endophytes. Pereira et al. (1993) isolated endophytic fungi from leaves of Stylosanthes
guianensis. Rodrigues and Dias (1996) recovered endophytic fungi from tropical grasses,
Brachiaria brizantha and B. humidicola. Fisher et al. (1992) and Silva (1997) isolated
endophytes from Zea mays in temperate regions.
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Role of endophytes in plants to overcome stress due to high temperature, drought,
pest, pathogen and herbivory has been proved by several workers (Duchesne, 1996; Blee
and Anderson, 2000; Clay and Schardl, 2002; Azevedo et al, 2002; Redman et al., 2002;
Rodriguez et al., 2004). Suryanarayanan et al. (1998) isolated endophytes from leaves of
mangroves, Rhizophora apiculata and R. mucronata, from Tamil Nadu, India and
reported that the diversity of endophytes is more in the wet season as compared to the dry
one. They reported Hyphomycetes and sterile forms as more Common endophytes than
other groups. Murali et al. (2007) studied the diversity and host affiliation in fungal
endophyte communities in two tropical forests of southern India.
Saikkonen et al. (1998) reviewed the taxonomic, biological and evolutionary
differences and similarities between grass and woody plant endophytes. They discussed
their ecological consequences at individual, population and community level and
interactions with host plants, other species and abiotic environments. They further
proposed the evolutionary life-style 'of endophytic fungi to be a complex mechanism
involving multi-species interactions, multiple levels of causations and influence of
stochastic events such as biotic and abiotic environmental conditions.
In a recent review Suryanarayanan (2003) regarded endophytes as a cryptic but
essential component of fungal diversity and briefly described its distribution, diversity,
taxonomy and potential biotechnological applications.
Johnson et al. (1992) observed that in Mangifera indica several of the known
pathogenic fungi occur as endophytes. Muller et al. (2001) studied the endophytes of
spruce needles and their possible role as pioneer decomposers and found that the diversity
of fungi drop sharply when needles start to decompose. Rudgers et al. (2004) found that
the endophytic fungi in grasses altered relationships between diversity and ecosystem
properties.
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Camacho et al. (1997) speculated that the plant DNA could be frequently
contaminated with DNA of symbiotic microbes occurring in plant tissues. They provided
a proof to their conjecture by demonstrating that thesequence data reported for Picea by
Smith and Klein (1994) actually came from Hormonema dematioides, a fungus associated
with the plant. This view of plant DNA contamination was further supported by Saar et
al. (2001) who detailed out procedure for screening angiosperm DNA for its purity.
Initial reports on isolation of endophytic fungi from tropical host plants are those
of Petrini and Dreyfuss (1981) and Dreyfuss and Petrini (1984) with Araceae,
Bromeliaceae and Orchidaceae from French Guiana, Brazil and Colombia. In tropical
hosts proportion of leaf segments colonized varied from 30% in Amazonian palms
(Rodrigues, 1994) to 90-95% as in Manilkara bidentata (Lodge et al. 1996). Noteworthy
documentations of endophytic assemblages from tropical plants have been done for few
members of families like Anacardiaceae (Medeiros, 1988; Rodrigues and Samuels, 1999),
Arecaceae (Rodrigues and Samuels, 1990; Southcott and Johnson, 1997; Frohlich et al.,
2000), Asteraceae (Fisher et al., 1994), Causarinaceae (Bayman et al. 1998), Fabaceae
(Pereira et al., 1993), Meliaceae (Gamboa and Bayman, 2001; Rajagopal and
Suryanarayanan, 2000), Musaceae (Brown et al., 1998; Pereira et al., 1999; Photita et al.
2001), Poaceae (Danielsen and Jensen, 1999), Rhizophoraceae (Kumaresan and
Suryanarayanan, 2002), Rubiaceae (Santamaria and Bayman, 2005), Sapotaceae (Bayman
et al., 1998; Lodge et al., 1996;), Solanaceae (Larran et al., 2001), Araceae, Bromeliaceae
and Orchidaceae (Richardson and Currah, 1995), Ochnaceae and Olacaceae (Arnold et al.
2000), Flacourtiaceae, Lecythidaceae, Melastomataceae and Sterculiaceae (Arnold et al.,
2001), Piperaceae and Crassulaceae (Dreyfuss and Petrini, 1984). Number of diverse
fungal species have been reported in these inventories many of which were new to
science. With so much richness and abundance of fungi in tropical plants, endophytes are
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currently regarded as rich repositories of fungal diversity (Rodrigues, 1994; 1996).

2.4 Saprotrophic fungi
Litter decomposition is regulated by numerous factors, two most important being, the
environment in which decay takes place and physicochemical properties of the substrate.
These factors also regulate the diversity and colonization patterns of saprotrophs. Since
the early 1950s, there has been considerable accumulation of information on the activity
and succession of microbes (Hayes, 1979). Fungal species distribution and successional
changes occurring during the decomposition process have been extensively investigated
on several litter types and using different isolation methods (Kendrick and Burges 1962;
Struwe and Kjoller 1986; Rosenbrock et al. 1995). Mechanisms underlying these
successions and the pros and cons of the different methods have been reviewed and
discussed by Frankland (1992, 1998).
Bills and Polishook (1994) described the particle filtration technique to maximize
the recovery of litter fungi by selective elimination of soil fungi. They recovered a
number of fungi using this method from the rain forests of Costa Rica many of which
overlapped with endophytes and plant pathogens. This once again proved the richness of
microbiota in the tropical areas (Azevedo et al. 2000).
Rambelli et al. (2004) compared the behavioral patterns of microfungi on different
substrata in tropical ecosystems in the Ivory Coast forest litter. They identified a large
number of fimgal species, few of which were specialized while others occurred
ubiquitously. On similar lines, Paulus et al. (2006) studied the diversity and distribution
of saprobic microfungi in leaf litter of four tree species in a tropical Australian rainforest
using techniques such as particle filtration and moist chamber incubations.
Dickinson and Pugh (1974) in their monumental work, The Biology of Litter
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Decomposition emphasized the role of terrestrial fungi in litter decomposition. A number
of studies have gone into describing new species occurring as saprophytes from all over
the world. These include Cooper (2005), Hayes (1965), Hering (1967), Hughes (1978),
Kirk (1981), Bhat and Sutton (1985), Bills and Polishook (1994), Grandi and Gusrnao
(2002), Heridia and Reyes-Estebanez (1999), Holubova-Jechova and Sierra (1982),
Heridia et al. (1995, 1997), Hyde et al. (2001), Onofri et al. (1981), Parungao et al.
(2002), Polishook et al. (1996), Sierra et al. (1995), Stchigel et al. (2006) and that from
India are Ananda and Sridhar (2004), Bhat and Kendrick (1993), Rao and de Hoog
(1986), Subramanian and Bhat (1987), Subramanian and Sudha (1986) and Subramanian
and Vittal (1974, 1979, 1980). Matsushima gave an insight to common, rare and
interesting saprotrophic microfungi from Japan and Taiwan (Matsushima, 1971, 1975,
1981, 1983, 1985, 1987, 1989). Ellis (1971, 1976) compiled taxonomic information of a
large number of saprotrophic microfungi, mainly from the tropics.
Studies on fungal succession were carried out world over for different plant and
forest types (Hering 1965; Hudson, 1968; Osono, 2005; Koide et al., 2005; Pasqualetti et
al., 1999). Frankland (1998) discussed the nature and mechanisms of successions of fungi
in soil and plant litter. Initial colonization of leaf litter is affected by a wide variety of
organisms, some of which could be earlier parasites or endophytes. The primary
saprotrophic colonizers comprise genera such as Alternaria, Aureobasidium, Botrytis,
Cladosporium and Epicoccum. These are accompanied by restricted primary saprophytes
which included species that arc confined to particular host species. In the final phase,
various secondary saprophytes invade the dead litter followed by the various soil
inhabitants (Hayes, 1979). This complex mosaic of fungi growing on leaf litter is a unique
and intricate niche of fungal community that will continue to attract attention of
mycologists for several decades to come.
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2.5 Fungi associated with medicinal plants

A number of new and interesting species of Emericella were described on herbal drugs
from India and Japan by Horie (1978, 1979). Horie et al. (1979) also studied the fungal
flora from 66 different kinds of herbal drugs from India and reported a total of 75 species
in 30 genera, the common ones being Aspergillus, Chaetomium, Eurotium, Paecilomyces
and Penicillium. Other genera such as Emericella, Gelasinospora, Mucor, Neosartorya,
Rhizopus, Scopulariopsis, Talaromyces, Thielavia, and Trichoderma were frequently

found.
Interaction between epiphytes and endophytes of Eucalyptus viminalis growing in
Argentina was analyzed by Faifer and Bertoni (1988). Bettucci and Saravay (1993)
characterized the endophytic mycobiota of two species of Eucalyptus in Uruguay and
found that the fungal diversity and host specificity was not significant. Lupo et al. (2001)
looked at the endophytes of flowers, capsules and seeds of E. globulus. Radu et al. (2000)
investigated the diversity of endophytic fungi in medicinal plants of Malaysia. Alwadi
and Baka (2001) documented fungi on the leaves of Withania somnifera collected from
two altitudinal ranges in Saudi Arabia and observed that the number of fungi was
negatively correlated with altitude and positively correlated with leaf age. Santos and
Rodrigues (2003) examined the fungi associated with Melia azaderach, a plant possessing
insecticidal property, and isolated 59 endophytic fungi, majority of which were
Hyphomycetes, with Aspergillus and Penicillium as the most abundant genera.
Mucciarelli et al. (2002) isolated a non-sporulating fungus, from the meristem culture of
Mentha piperita, which had the ability to enhance vegetative growth of the plant.

In India, Ganguly and Pandotra (1963) examined the fungi occurring on medicinal
and aromatic plants of the northwest Himalayas. Gupta (1974a,b,c) studied the parasitic
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fungi appearing on medicinal plants in India. Krishnamurthy and Hemalatha (2003)
studied endophytic fungal diversity of Cymbopogon citratus.
Rajagopal and Suryanarayanan (2000) studied the endophytic fungi in the leaves
of Azadirachta indica and found that colonization is affected by tissue type, site and
seasonality. They recorded only Fusarium spp. and a few non-sporulating fungi as
endophytes. Mahesh et al. (2005) documented the endophytic mycoflora associated with
the inner bark of Azadirachta indica and reported a total of 77 isolates belonging to 15
genera, majority of which were Hyphomycetes, followed by Coelomycetes, Ascomycetes
and Sterile mycelia.
Raviraja (2005) studied the fungal endophytes in five medicinal plant species of
Kudremukh Range of Western Ghats and recorded a total of 18 species of endophytes
from bark, stem and leaf segments of which Curvularia spp. and Fusarium oxysporum
were the most dominant types. Nalini et al. (2005) during an investigation of fungal
endophytes of Crataeva magna, isolated 96 endophytic fungal isolates from bark and
twig segments, majority of which were Deuteromycetes followed by Zygomycetes and
Ascomycetes. Fusarium verticilloides, Nigrospora oryzae and Verticillium sp. were the
dominant endophytes recorded by them. Tejesvi et al. (2006) studied the endophytic
assemblage of inner bark of some of the ethnopharmaceutically important medicinal trees,
viz.

Azadirachta indica, Butea monosperma, Crataeva magna, Holarrhena

antidysenterica, Terminalia arjuna and T. chebula and recovered a total of 48 species of
which mitosporic fungi represented a major group followed by Ascomycetes and sterile
mycelia. During this study they found species of Chaetomium, Fusarium, Myrothecium,
Pestalotiopsis, Trichoderma and Verticillium to occur frequently.
Gangadevi and Muthumary (2006) studied the endophytic fungal colonization of
two medicinal plants viz. Mimusops elengi and Rauvolfia tetraphylla and the effect of
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season on its diversity. They reported both plants to harbor more diversity in monsoons.
They also determined the potential of some of these fungi as source of taxol production.
Venna et al. (2007) studied endophytes associated with different plant parts' of
Aegle marmelos and reported its distribution in these plant parts to be uneven. They

further reported Deuteromycotina to be the most dominant group and A spergillus sp.,
Alternaria sp., Drechslera sp., Rhizoctonia sp., Curvularia sp., Nigrospora sp. and
Stenella sp. to be the most dominant species. Two Ascomycetes Chaetomium globosum

and Emericella sp. were also reported from the plant.
Hitherto known data on fungal diversity associated with the 15 medicinal plants
taken for present study is briefly reviewed (Table 1). (SMML, as on January 2008).

Table 1: Previous reports of fungi on medicinal plants selected for present study
Sr.
No.

Host

1.

Achyranthes aspera

18

2.

Aegle marmelos

13

3.

Alstonia scholaris

16

4.

8

5.

Andrographis
paniculata
Centella asiatica

20

6.

Cymbopogon citratus

38

7.

EllIblica officinalis/
Phyllanthus emblica

24

8.

Garcinia indica

2

9.

Hemidesmus indicus

9

No. of fungal
species

Kind of fungi

Mostly rust and Cercosporoid fungi of the
tropics
Coelomycetes and cercosporoid fungi from
Indian subcontinent
Variety of pathogenic and saprotrophic fungi
from tropical countries of India, Philippines,
Taiwan
Species of Colletotrichum, Cercospora,
Fusarium and others from India and China
Pathogenic, saprophytic and endophytic fungi
from the tropics
Rusts, smuts, Curvularia and other sps.
frequently occurring as plant pathogens in
tropics
Coelomycetes and Hyphomycetes occurring
as pathogens and symbionts and post harvest
on fruits from India and China
Pathogenic fungi from India
Sooty moulds, cercosporoid fungi and other
plant pathogens and saprophytes from India
and Srilanka
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10.

Justicia adhatoda/
Adhatoda vasica

22

Variety of pathogenic and saprophytic fungi
from Indian sub-continent

1 1.

Ocimum tenuiflorum/
O. sanctum

23

Variety of pathogenic and saprophytic fungi
from India and Cuba

12.

Piper belle

53

Variety of pathogenic, symbiotic and
saprophytic fungi from the tropics

1.3.

Semecarpus
anacardium

5

Meliola and other pathogenic fungi from India

14.

Striichnos nux-vomica

14

Pathogenic Coelomycetes and Meliolales
from the tropics

15.

Syzygium cumin"

84

Variety of pathogenic, symbiotic and
saprophytic fungi from the tropics

2.6

Interactions between phylloplane, endophytic and saprophytic fungi

It is presumed that the phylloplane and endophytic fungi present on/in fresh plant
substrates act as primary decomposers during senescence and abscission of the plant
tissue. °son° (2002, 2006) examined the succession of phyllosphere fungi in leaf litter of
Fagus crenata and reviewed their role in the development of decomposer fungal
communities and decomposition processes of leaf litter. He further observed that several
of the common phyllosphere fungi of forest trees are primarily saprobes with ability to
decompose litter components.
Endophytic, pathogenic and saprotrophic behavior of fungi is largely
controlled by the host-environment. Several authors ( Ruinen, 1961; Davenport,
1976; Carroll and Petrini, 1983) have attempted to prove the role of fungal endophytes
in litter decomposition. Microfungi in dead but attached twigs of varied plants such as
ash, beech and oak (Petrini and Fisher, 1988; Griffith and Boddy, 1988) were
investigated. In an attempt to study the role of endophytes as latent invaders, Boddy
and Griffith (1989) observed that water saturation prevented fungal development but
active mycelium was isolated within a few days after drying began. The fungi isolated
were same as found on the litter. The water-stress that occurs during senescence induces
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the fungi to switch onto the saprotrophic phase (Sridhar and Raviraja, 1995). Griffith and
Boddy (1988) isolated species of Fusarium and Phomopsis from healthy bark and also
from dead attached twig proving some endophytes to be primary colonizers of dead plant
tissues. Similar observations were made by Sadaka and Ponge (2003) who isolated
microfungi from living, senesced and litter leaves of holm oak. They observed that the
number of fungal strains increased from living to senescent stages, strongly decreased at
late decomposition stages and after which they were succeeded by true saprotrophs
proving that the decomposition process is not entirely confined to the microbial flora of
the forest floor. Weber et al. (2004) found out that Phoma medicaginis which was present
as endophyte in Medicago spp., produced detectable levels of the toxin brefeldin A only
during and after the switch from endophytic to saprophytic phase occurs.
A significant percent of overlap in fungal species is observed between litter fungi
and endophytes in temperate zone. In tropics, although several families and genera are
common between litter fungi and endophytes, they share only a few fungal species in
common. This observation was made by Girivasan and Suryanarayanan (2004) who
suggested that the minimum overlap in the two groups of fungi is an adaptation to avoid
competition. Schardl et al. (1994) said that this non-overlap may not be a true pattern but
an artifact of highly diverse assemblages that is not thoroughly sampled.

2.7

Diversity studies using molecular methods

Diagnosis of fungi using morphological characteristics has been the order until now. With
advent of polymerase chain reaction and sequencing techniques, various molecular tools
such as DNA-DNA hybridization, restriction enzyme analysis (RFLP), amplification
using random primers (RAPD), amplification of microsatellite DNA, sequence analysis,
electrophoretic karyotyping are available that aid in identification and taxonomic
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characterization of species. They also reveal the phylogeny of the organisms.
Comprehensive and detailed reviews of the use of these techniques in fungal systematics
have been provided by Bruns et al. (1991), Hibbett (1992), Kohn (1992), Maresca and
Kobayashi (1994), Weising et al. (1995) and Guano et al. (1999).
RAPD is one of the most popular DNA fingerprinting methods followed in recent
times (Williams et al., 1990). This technique has been employed to determine the genetic
diversity among species. Pamphile and Azevedo (2002) characterized endophytic strains
of Fusarium verticillioides from maize through RAPD analysis and attributed the genome
polymorphism observed in the strain to the process of co-evolution between the isolates
of F. verticillioides and maize inbred lines. Some of the taxa so far were analyzed using
this technique were Chaunopycnis alba (Moeller et al., 1995), Chondrostereum

purpureum (Gosselin et al.,1996), Claviceps purpurea (Jungehulsing and Tudzynski,
1997), Colletotrichum graminicola (Guthrie et al., 1992), Exserohilum turcicum (Abadi et
al., 1996), Fusarium graminearum (Oullet and Seifert, 1993), F. oxysporum f. sp.

vasinfectum (Assigbetse et al., 1994), Gremmeniella abietina (Hamelin et al., 1993),
Melampsora rust (Pei et al., 1997), Mycosphaerella dearnessii (Huang et al., 1995),
Ophiostoma piceae and

O. quercus (Halmschlager, 1994), Pseudocercosporella

herpotrichoides (Nicholson and Rezanoor, 1994), Pyrenophora teres (Peever, and
Milgroom, 1994), Rhizoctonia solani (Duncan et al., 1993), Sphaeropsis sapinea (Stanosz
et al., 1996), Trichoderma strains (Zimand et al., 1994) and Verticillium dahliae and V.

albo atrum (Koike et al., 1996).
-

The most followed method to determine the DNA sequence, i.e. order of
nucleotides in a given DNA fragment, is the 'chain termination method' developed by
Sanger (Sanger and Coulson, 1975) wherein sequence-specific termination of a DNA
synthesis is done using modified nucleotide substrates. Among the genes, one that codes
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for rRNA is most frequently used for sequencing and subsequent phylogenetic analysis.
Introns of several protein-encoding genes, such as the acetyl coenzyme A synthase (Birch
et al., 1992), actin (Cox et al., 1995), P-tubulin (O'Donnell, 1992), chitin synthase
(Szaniszlo and Momany, 1993), glyceraldehyde-3-phosphate dehydrogenase (Harmsen et
al., 1992), lignin peroxidase (Naidu et al., 1990) or orotidine 5'-monophosphate
decarboxylase (Radford, 1993) have also been used.
The rDNA gene is a non-protein coding gene which is present in tandem
multicopies, homogenized by concerted evolution and is therefore almost always treated
as a single-locus gene. Ribosomes are present in all organisms, with a common
evolutionary origin and parts of it are highly conserved (van de Peer et al., 1997) which
serve as reference points for evolutionary divergence studies. These features of the gene
make it the most preferred one for phylogenetic analysis. The conserved regions alternate
with variable regions or divergent domains. This further aids in the designing of markers.
In many cases, phylogeny of filamentous fungi is deduced through 18S sequence
(Bruns et al., 1992; Wilmotte et al., 1993), although, in certain cases, the variable domains
of the gene provide insufficient information for taxonomic identification (de Hoog and
van den Ende, 1998). To overcome this difficulty large parts of the molecule required to
be sequenced to obtain a clear resolution (Haase et al., 1995). For this, in recent studies of
fungal phylogeny, the ITS regions are more preferred as they are much more variable.
Furthermore, ITS region can be used to align with confidence only the closely related taxa
and hence can be used for species differentiation (Guarro et al., 1999). Martin et al.
(2000) reviewed the use of ITS region in various organisms and discovered that it is a
powerful tool for fungal taxonomy. rDNA nucleotides sequences (especially the ITS1,
5.8S and ITS2) of several fungi including non-sporulating, dark, septate, endophytes have
been sequenced and are available at genebanks. Worapong et al. (2001) described a new
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genus, Muscodor Worapong, Strobel and Hess, based on differences in sequences of 18
rDNA and ITS region of the fungus.

2.8

Bioactive potential of fungi

Endophytic fungi are known to produce compounds similar or even identical to those
produced by the host plant. Taxol, an anticancer drug, formerly obtained from Pacific
Yew tree (Taxus brevifolia), are now obtained from its endophytic fungus, Taxomyces
andreanae (Stierle et al., 1993). Production of gibberellic acid derivatives by endophytic
fungi and host plants (Hedden et al., 2001) confirmed the intimate association between
plant and fungi. These ecological associations and sharing of biochemical properties have
been explained as possible plasmid exchanges between the associated organisms (Santos
and Rodrigues, 2003). Endophytic fungi have been extensively screened for enzymes,
antibiotics, antivirals, anticancer drugs, antioxidants, anti-insecticidal activities,
antidiabetics and immunosuppressive compounds (Jeffrey, 1970; Strobel, 2002; Webber,
1981; Strobel and Daisy, 2003; Strobel and Long, 1998; Claydon et al., 1985; Liu et al.,
2001; Lumyong et al., 2002; Stierle et al., 2003 and Wiyakrutta et al., 2004).
Number of bioactive compounds has been isolated from endophytes of Chinese
medicinal plants (Tan et al., 1999). Endophytic fungi, such as, Fusarium oxysporum and
Microsphaeropsis olivacea have been screened for their secondary metabolite production
by Panagiotou et al. (2005) and Hormazabal, et al. (2005), respectively. Rodrigues et al.
(2000) studied the antimicrobial activities of secondary metabolites produced by
endophytic fungi from Spondias mombin and discovered that some of the isolates
exhibited pronounced antifungal activity. Raviraja et al. (2006) evaluated the
antimicrobial property of endophytic fungi inhabiting medicinal plants of the Western
Ghats of India and found that a number of fungal species were bioactive. Phongpaichit et
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al. (2006) screened the endophytic fungi of five species of

Garcinia for their

antimicrobial activity and found that a number of cultures are bioactive. Claydon et al.
(1987) and Siegel and Latch (1991) studied the antifungals from Trichoderma harzianum
and grass endophytes.
Azevedo et al (2002) reviewed the use of endophytes as insect control agents with
emphasis on tropical plant endophytes. Arnold et al. (2003) studied the role of endophytes
in protecting plants against pathogen damage. Ahmad et al. (2001) found that endophytic
fungus Balansia sclerotica colonizing Cymbopogon flexuosus enhanced host biomass
production and essential oil yield. Santos and Rodrigues (2003) isolated meroterpenes
from a species of Penicillium isolated as an endophyte from root bark of Melia
azedarach. Schulz et al. (2002) reviewed the potential of endophytes as source of novel
biologically active compounds and found that endophytes are more active than soil
isolates. They further hypothesized that the endophyte-host interaction is a finely tuned
equilibrium between fungal virulence and plant defense and that if this balance is
disturbed, disease develops. Therefore, to maintain a balanced relation with host plant and
to compete with pathogens, endophytes require to synthesize appropriate metabolites.
Johri (2006) reviewed the potential role of endophytes in human healthcare. Strobel
(2002) discussed the urgent need of bio-prospecting of endophytic microorganisms of the
rainforests for human advantage.

2.9 Fungal diversity studies in Goa

Initiated in the 1990s, continuous studies on documentation, screening and ecology of
fungi found associated with varied substrates such as fallen, decaying leaf litter, fresh
plant parts, leaf surfaces, freshwater aquatics, marine, mangrove, air, insects, herbivore .
dung, etc. from the forests of Western Ghats and surrounding regions have been
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conducted (Bhat et al., 2008). These brought to light large number of common, rare,
interesting and new fungi. Several of them brought into culture are maintained in a
sustainable manner in an ex situ culture repository. Some of the supportive work in
documenting the fungal wealth of Western Ghats of Goa included the following.
Jacob (2000) investigated the fungi associated with Larissa congesta and Ficus
benghalensis. The isolates were also screened for litter degrading enzymes. D'souza
(2002) examined fungi, mainly saprotrophs, inhabiting some of the common plants
growing in the wildlife sanctuaries and national parks of Goa and stated that the region
harbors rich fungal diversity. She also studied the ecology and enzyme producing ability
of these fungi. Nair (2002) explored the diversity of freshwater stream fungi from the
forests of Goa and reported number of rare and interesting fungi. She also studied the root
endophytes of riparian plants. Keshava Prasad (2004) studied the diversity and ecology of
entomopathogenic fungi occurring on insect hosts in the Western Ghats of Goa and
surrounding regions. He also carried out preliminary investigations on activity of these
fungi on control of mosquitoes. Jalmi (2006) examined the foliicolous fungi colonizing
fresh leaves of angiosperms of the region and reported many Cercosporoid fungi and a

large number of saprotrophs on fresh leaves.
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Chapter III
MATERIALS AND METHODS

The materials used and methods followed in this investigation are detailed out below in
four parts (1-4) are largely adopted from Booth (1971), Hawksworth et al. (1995) and
Rossman et al. (1998).
3.1

Documentation of diversity of fungi from medicinal plants

3.1.1. Sampling sites: The two study sites, viz. 'Site I' and 'Site II', chosen for collection
of fungal samples were from forested regions of the Western Ghats in Goa State (Fig 1).
Site I, Colem, located in Sanguem Taluka and site II, Mashem, in Canacona taluka of Goa
are distanced, as crow flies, by 44 km. The location, topography and vegetation type of
both sites are given below (Table 2).
Table 2: Location, topography, soil and vegetation type of Site I and II
Sampling site
Location

Site I (Colem)
15°.19.801' N
74 °.12.486' E

Site II (Mashem)
14°.57.699' N

Topography

Undulating hilly terrain,
about 55 km away from
Arabian sea

Lateritic rocky plateau, about
25 km away from the sea
coast

Soil type

Thick humus mixed soil

Lateritic with thin soil

Vegetation cover

Dense, with wild trees bushy
under storey

Sparse, with wild trees and
grass under storey

74 ° .03.192' E

3.1.2. Test plants and plant parts: The medicinal plants chosen for isolation of fungi in

the present work (Table 3; Figs 2-16) included some of the commonly occurring herbs,
shrubs, climbers and trees, majority of which were perennial. Of all, Achyranthes aspera
and Andrographis paniculata were the two annuals examined. The plant parts used
included fresh leaves for phylloplane fungi; fresh leaves, stems and roots or bark
for endophytic fungi and dead leaves and twigs for litter fungi.
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Fig 1: Map of Goa showing sampling sites • (Extracted from Wikimapia, 2008)
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Table 3: List of medicinal plants examined for isolation of fungi
Plant name Synonym

Family

Achyranthes
aspera L.

Amaranthaceae Prickly
schaff

Common
name

Local
name

Known medicinal
properties

(Konkani)

Aghada

Active against boils,
skin
eruptions,
scabies and other
skin diseases
(Manandhar, 2002).

Aegle
marmelos
(L.) Corr.

Crateva
marmelos L.

Rutaceae

Apple wood Bel
tree

Highly
effective
antimicrobial
and
anti-inflammatory
agent
(Rusia &
Srivastava, 1988;
Udupa et al., 1994).

Alstonia
scholaris (L.)
R.Br

Echites
scholaris L.

Apocynaceae

Devil's tree Satvin

Anti-bacterial
and
effective against skin
diseases (Khan et al.
1983).

Andrographis Justicia
paniculata
paniculata
(Burm. f.)
Burm. f.
Wall.ex Nees

Acanthaceae

Kirayat

Kiraite

Anti-inflammatory
and
antibacterial
(Zaidan et al., 2005)

Centella
asiatica
(Linn.) Urban

Apiaceae

Pennywort Brahmi

Antibiotic
against
enteric
pathogens
(Mamtha et al., 2004;
Zaidan et al., 2005)

Poaceae

Lemon
grass

Ganjan

Plant
oils
are
antifungal
against
human and animal
cutaneous mycoses
(Koba et al., 2003)

Euphorbiaceae Indian
gooseberry

Aavlo

Antimicrobial against
a range of microbes
(Ganapaty et al.,
2005)

Clusiaceae

Binda

Against food-borne
and
pathogens
bacteria
spoilage
and
(Negi
Jayaprakasha, 2004)

Hydrocotyle
asiatica L.

Cymbopogon Andropogon
citratus (DC.) citratus DC.
Stapf.

Emblica
officinalis
Gaertn.

Phyllanthus
emblica L.

Brindonia
Garcinia
indica
Du
(Du indica
Petit-Thou.
Petit-Thou.)
Choisy

Kokum
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Fig. 2: Achyranthes aspera
Fig. 3: Aegle marmelos
Fig. 4: Alstonia scholaris
Fig. 5: Andrographis paniculata
Fig. 6: Centella asiatica
Fig. 7: Cymbopogon citratus
Fig. 8: Emblica officinalis
Fig. 9: Garcinia indica

Hemidesmus Periploca
indicus (L.) indica L.
Schult.

Asclepiadaceae

Indian
Sarsaparilla

Anantmul Active against acneinducing and enterobacteria (Kumar et
al., 2007; Das and
Devaraj, 2006)

Justicia
adhatoda L

Adhatoda
zeylanica
Medic.; A.
vasica Nees

Acanthaceae

Malabar nut Aduso

Ocimum
tenuiflorum
L.

Ocimum
sanctum L.

Lamiaceae

Holy basil

Piperaceae

Betel leaf

Piper betle L.

Possesses
volatile
antimicrobial
compounds (Ahmed
et al., 1999).

Kali
Plant oils are active
Tulas against enteric
bacteria and yeast
(Mondal et al., 2007)
Antimicrobial against
Khavche
paan
human and plant
Pathogens (Shitut et
al., 1999).

Semecarpus
anacardium
L.

Anacardiaceae Oriental
cashew nut

Bibo

Oils and other plant
parts
are
antimicrobial
(Mohanta et al.,
2007).

Strychnos
nux-vomica
L.

Loganiaceae

Kajro

Antibacterial
(Senthilkumar et al.,
2005)

Nuxvomica

Black plum Jambul

Myrtus cumini Myrtaceae
Syzygium
Eugenia
cumini (L.) L.;
jambolana
Skeels
Lam.

Leaf extract active
against yeast and
broad spectrum of
bacteria- (de Oliveira
et al., 2007)

3.1.3. Collection season: Being in the south-west monsoon belt, Goa has a warm and
humid climate, all through the year. The region receives heavy rainfall (average 280
cm/y) during June to October, followed by post-monsoon and summer months
(November-May) with temperature ranging from 19 °C to 35 °C. Two broad seasons, viz.
the 'wet' (June to October) and 'dry' (December to May), were considered for collection
of samples of fungi (Table 4).
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Table 4: Weather data during sampling period (Source: India Meteorological Dept., Goa
Observatory, Altinho)
DRY SEASON

WET SEASON

Weather parameters

June '04-Oct. '04

June '05 - Oct. 05

Dec '04 - May '05

Dec. '05 -May '06

Max. temp. ( uC)

30.6

30.4

32.9

33.3

Min. temp. (uC)

23.9

24.1

22.0

22.3

Mean temp. ( uC)

27.4

27.3

27.5

27.8

Rainfall (mm)

386.3

651.0

15.1

76.9

Humidity (%)

89.4

91.0

79.4

79.2

Sunshine (hrs/day)

4.9

4.3

9.2

9.0

3.1.4. Sample size and number: For the ecological study undertaken, 10 g of the plant
litter was considered as a single sample. This included leaf or stem litter at different
stages of decomposition and randomly gathered from a single plant type. In case of fresh
plant tissue, depending on the size, 30-40 leaves or 5-10 stem/root/bark pieces formed a
sample. For analyses of leaf surface mycoflora, randomly collected 15-20 leaves of single
t.
type formed a sample. Sample number is the number of times a defined sample is
sourced. In this study, six samples of each type, fresh plant and litter, were collected.
3.1.5. Sampling, Isolation and culturing techniques:
The samples were gathered in separate clean paper or polythene bags and each was
labeled with details on locality, date and substrate and provided with a collection number.
On bringing to the laboratory, the samples were immediately transferred to cold storage
(+ 4° C) until further processing which normally was within 24 h of collection. A number
of techniques, both direct and indirect, were used for isolation and maximum recovery of
fungi. They are as follows:
Moist chamber incubation method (Rossman et al.,1998): This method, used for isolation
of saprotrophs, is based on the principle that when the substrate is placed in a humid
environment the fungal mycelium immersed within or the spores settled on the surface
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get a conducive environment to grow and sporulate. The method is explained using a
flowchart (Fig. 17).
The litter sample was incubated at room temperature (26-30 °C) in sterile Petri
plates lined with moist cotton and filter paper for varied duration of time. The incubated
samples were examined under a stereoscope on alternate days. The sporulated fungi were
carefully picked up using a sterile needle and mounted on a glass slide with a drop of
lactophenol mountant. The slides were further observed under transmitted light
microscope.
The sporulating fungi were cultured using single spore isolation technique of
Onions et al. (1981). A small spore mass was carefully picked up using a sterile, finetipped needle and suspended on a drop of sterile distilled water placed on a slide. The
spore suspension was spread on malt extract agar medium and incubated at 25 °C. After
24 h, germinating spores were individually transferred to a fresh Malt extract agar (MEA)
(Himedia) plate or slant.
Particle plating technique (Bills and Polishhook, 1994): The litter sample was thoroughly
washed in distilled water to remove the surface colonizers and further pulverized into fine
particles using an electrical blender. The particles were filtered through meshes to obtain
particles of 100-200 pm size, washed thoroughly in running deionized tap water and
suspended in 10 ml sterile distilled water. Repeated washing ensured removal of surfacedwelling spores. 0.1 ml of the suspended particles was spread on MEA plate incorporated
with antibiotics (10mg each of Neomycin, Penicillin, Streptomycin sulfate, Bacitracin per
1 L of medium). The plates were incubated at 25 °C and examined on 2'1, 7th and 15th day
of incubation. The growing colonies were transferred onto MEA slants.
This method enabled maximum recovery of saprotrophic fungi from mycelial fragments
immersed within the substrate. Flowchart for the method is given in Fig.18.
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Fig 17: Moist chamber incubation method
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Dissimilar colonies
transferred into slants

Three-step sterilization method (Petrini, 1986): Fresh plant leaves, twig, root or bark,
temporarily cold stored Was brought back to room temperature prior to processing. These
were surface sterilized in 4% sodium hypochlorite for 3 min and 70% ethanol for 30 sec,
in that sequence. The plant part was repeatedly rinsed in sterile distilled water to remove
traces of sterilization chemical and cut into small pieces of approx. 2 mm 2 size. One
hundred segments were placed on 2% MEA plates incorporated with antibiotics (9 pieces
per plate). Edges of the plates were sealed by parafilm and incubated at 25 °C. Fungal
mycelium emerging out from cut ends of the plant pieces was transferred onto fresh MEA
plates where they were maintained until sporulation. Morphologically distinct colonies
were transferred into MEA slants. The method is explained using a flowchart (Fig.19).
Leaf washing technique (Girivasan and Suryanarayanan, 2004): For isolation of
phylloplane fungi, twenty leaves were cut into 40 pieces, each of 5 mm 2 , and shaken
thoroughly for 20 min in 40 ml sterile distilled water containing 0.05% Tween 20. The
surface wash was diluted (1:10) in sterile distilled water and 0.1 ml of the aliquot was
plated, in triplicate, on MEA plates incorporated with antibiotics. The plates were sealed
and incubated for 15 days at 25 °C. Emerging colonies were isolated and transferred into
MEA slants. This technique is explained diagrammatically (Fig. 20).

Isolation and maintenance culture media (Arnold et al., 2001): Two percent malt extract
agar (MEA) at pH 5.5 was the basic medium used for culturing the fungi in the present
study. The isolation medium was incorporated with a cocktail of antibiotics (0.02g/1 each
of Neomycin sulphate, Penicillin G, Streptomycin sulphate, Tetracycline and Bacitracin).
Besides, media such as 4.1% potato dextrose agar (PDA) (Himedia), potato carrot agar
(PCA), 7.25% Oatmeal agar (OMA) (Himedia), tap-water agar with sterile banana leaf
pieces, synthetic nutrient-poor agar (SNA) with sterile filter paper, were used for inducing
sporulation in cultures (Onions et al., 1981). The compoSition of the media is detailed out
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in Annexure 1. Pure cultures obtained during the study were maintained at Goa
University Fungal Culture Collection (GUFCC) by regular sub-culturing on MEA slants.
3.2

Taxonomic descriptions and identification
Both microscopic and cultural characters of each fungal isolate were recorded, in

addition to details of collections, viz. name of the host, date and place of collection, name
of the collector and accession number. The mycological features of the fungi such as
shape, size, texture and color of conidiomata, conidiophores, conidiogenous cells and
conidia in case of Deuteromycotina; ascomata, centrum, asci and ascospores for
Ascomycotina were noted. The cultures that remained non-sporulating were grouped as
morphotypes based on distinct cultural characters such as colony height and depth,
presence/absence of aerial mycelium, reverse of the colony, surface texture, margin
character and growth rate.
3.2.1 Morphology-based identification: Morphology-based identification of the
sporulating fungi was done using standard taxonomic keys and monographs (Barnett and
Hunter, 1972; Ellis, 1971, 1976; Matsushima, 1971, 1975; Seifert, 2000; Sivanesan,
1984; Sutton, 1980; Kifler and Morelet, 2000; Ainsworth et al., 1973; Carmichael et al.,
1980; Onions et al., 1981). Besides, several extended research papers related to taxonomy
of fungi were used (Hughes, 1978; Bhat and Kendrick, 1993; Subramanian and Bhat,
1987; Rao and de Hoog, 1986). Fungal taxonomy related websites such as Centraalbureau
voor Schimmelcultures, Indexfungorum, Mycobank, and Systemic Mycology and
Microbiology Laboratory were useful in identification of most fungi.
Slide preparation and microscopic examination: Growing fungal colonies were
recognized by examining the samples under a Zeiss Stemi 1000 stereoscope. Using a fine
tipped needle, a small piece of sporulating fungal mass was carefully lifted and placed on
a clean slide with a drop of water or lactophenol cotton blue mountant. A cover glass was
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placed on the mountant and the slide was gently heated over a flame to remove entrapped
air-bubbles. Edges of the cover-slip were sealed using a DPX sealant. The slides were
examined under an Olympus BX-41 compound microscope. Semi-permanent slides were
deposited at the Goa University Mycology Herbarium.
Taxonomic descriptions were supplemented with microphotographs taken using
an Olympus DP12 digital camera attached to a binocular compound microscope
(Olympus BX-41). Camera lucida illustrations drawn using a drawing tube fitted to the
binocular compound microscope (Olympus CH 30) are provided for novel fungi.
3.2.2 Taxonomic characterization of fungi using molecular tools: This was done
through DNA fingerprinting technique, Randomly Amplified Polymorphic DNA
(RAPD). Nucleotide sequencing of the ITS region followed by BLAST analysis and
phylogram construction of one of the cultures was carried out.
Cultivation of fungi and extraction of DNA (Sambrook, 1989; Doyle and Doyle, 1990):
Fungal isolate was inoculated in 50 ml 2% malt extract broth in 250 ml flasks. The flasks
were incubated as shaken cultures at 200 rpm and 25 °C for 7-10 days. The mycelium was
harvested by centrifugation in sterile Oak-ridge centrifuge tubes at 5000 rpm for 20 min.
The supernatant was discarded and mycelial pellet was washed by resuspending in sterile
distilled water followed by recentrifugation. The mycelium was pulverized in liquid
nitrogen using a sterile mortar and pestle and transferred to sterile 1.5 ml microfuge tubes
containing 600 gl of 2X CTAB buffer pre-warmed at 75 °C for 30 min. The mixture was
freeze-dried in liquid nitrogen and thawed at room temperature by vortexing. This process
of freezing and thawing was repeated twice and the final suspension was incubated at
65°C for 30 min. The suspension was mixed with equal volume (approx. 600 gl) of
chloroform and vortexed and centrifuged at 10,000 rpm at 4 °C for 30 min. The resulting
aqueous phase was collected in a 1.5 ml microfuge tube and the chloroform extraction
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was repeated. The aqueous phase was collected in another microfuge tube to which 1 vol.
. of isopropanol and 1/10 th vol. of 3M sodium acetate was added. The solution was inverted
and gently mixed. This was maintained at -20 °C for 60 min and finally centrifuged at
10,000 rpm at 4°C for 30 min to precipitate the DNA. To obtain DNA free from RNA, the
resulting pellet was treated with 20 pg/m1 RNAse solution (Genei, Bangalore), mixed by
vortexing, incubated at 37 °C for 10 min and centrifuged at 10,000 rpm for 15 min. The
DNA pellet was washed with 70% ethanol thrice, each time centrifuging at 10,000 rpm
for 15 min and decanting the supernatant. Ethanol precipitation concentrated the DNA
samples from dilute solution.
After final washing the DNA pellet was allowed to dry in sterile lamina air-flow
chamber for 10 min. The dried pellet was suspended in 30-50 µl of TE buffer (pH 8.0)
(Genei, Bangalore) at 37 °C for 60 min and stored at -20 °C until quantification of the
DNA. Isolation of DNA was verified through standard gel electrophoretic method.
Quantification of DNA using spectrophotometric method (Sambrook, 1989):
DNA samples stored at -20 °C were taken and thawed in an ice bath. This was gently
mixed by tapping the sides of the tube. Ten pl of the sample was taken in a separate
sterile 1.5 ml microfuge tube and mixed with 990 ill of sterile milliQ water. The solution
was allowed to stand for 10 min to ensure complete diffusion of the DNA. This solution
containing 1:100 dilution of the DNA was used to read optical density in a double beam
UV-visible spectrophotometer (UV-2450, Shimadzu) at wavelength 260 and 280 nm. At
260 nm,optical density 1.0 corresponds to 50 1.1g/m1 DNA. Ratio between readings at
260nm and 280 nm (0D260/ °Dm) provided an estimate of the purity of nucleic acids.
Accordingly, the concentration and purity of the DNA samples were determined.
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Amplification of DNA using random primers for RAPD analysis (Fig. 21):
For RAPD analysis purified DNA of three of the morphologically similar stem
endophytic isolates of Phomopsis stipata, viz. GUFCC 4949 (from Hemidesmus indicus),
GUFCC 4950 (from Adhatoda vasica) and GUFCC 4951 (from Piper belle) were used.
The study was done using random decamer primers procured from Operon Technologies,
Inc. Almeda, CA USA. A single primer (OPK-19) which in previous studies showed
polymorphism in Phomopsis isolates (Chen et al., 2002; Jiang et al., 2003) was used for
the purpose. Amplification was performed in a 50 ill reaction volume containing 25 ill of
IX Genei PCR master mix (Bangalore Genei Pvt. Ltd.), 0.4 mM primer and 10 ng of
DNA. The reaction mixture was overlaid with 25 ill of paraffin oil, spinned briefly,
amplified using a MJ minicycler (MJ Research, Inc.) programmed for initial denaturation
at 94°C for 2 min and 45 cycles at 94 °C for 45 sec, annealing at 35 °C for 1 min and
extension at 72°C for 2 min. The amplification was completed with a 7 mM final
extension at 72 °C. The products were resolved electrophoretically at 50V on 1% agarose
gel containing Ethidium bromide (0.51.1g/m1) using lx TAE buffer (Bangalore Genei). A
100 by standard DNA ladder (Bangalore Genei Pvt. Ltd.) served as a molecular weight
marker. The resolved gel was photographed under UV light using UV transilluminator.
Amplification of ITS region of the DNA and its sequencing (O'Donnell, 1993) (Fig. 22):
Nucleotide sequence of the ITS region of GUFCC 4952 isolate was determined. For this,
the crude genomic DNA was purified using Biorad Kit. After electrophoretic verification
of the purity of DNA, the sample was subjected to amplification reaction of the ITS1,
5.8S, ITS2 and the D1 /D2 region of the LSU rDNA using primer pairs ITS1 (5'-TCC
GTA GGT GAA CCT GCG G-3') /ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3')
(White et al., 1990) and NL1 (5'-GCA TAT CAA TAA GCG GAG GAA AAG-3')/NL4
(5'-GGT CCG TGT TTC AAG ACG G-3'). Amplification was performed in 50 ill
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reaction volume containing 5 ul 10X buffer, 200 mM each of dNTP's, 25 pmol each of
forward and reverse primer, 2 units of Taq polymerase, 2.5 mM MgC12 and 50 ng
genomic DNA. Amplification was performed using the Gene Amp PCR system (PerkinElmer) programmed for initial denaturation at 94 °C for 5 min and 29 cycles at 94°C for
30 sec, annealing at 55 °C for 30 sec and extension at 72 °C for 1 min. The amplification
was completed with a 7 min final extension at 72 °C. Amplified products were resolved
electrophoretically at 70-75 V on a 0.8% preparative agarose gel containing 0.5 ug/m1
Ethidium bromide. A 1Kb standard DNA ladder served as a molecular weight marker.
The resolved gel was visualized through a UV transilluminator using safety
goggles. Amplicon regions were spliced-off using a sterile scalpel and put in a preweighed 1.5 ml microfuge tube. The PCR-products were purified using the Qiagen
Gel Extraction Kit following the manufacturers' protocol and the product was suspended
in 10 mM Tris Cl (pH 8.5). The concentration and purity of the amplified product was
calculated by determining the optical density at 260 and 280. The samples were stored at
4°C until further use.
The amplified products were subsequently subjected to sequencing reaction. This
was performed in a 10 ul reaction volume containing 1.5 ul 5x buffer, 1 µl TRR, 1 ul
respective primer and 1.5-2 ul amplified template. Amplification was performed using the
thermal cycler (Perkin-Elmer GeneAmp PCR System 9600).
The amplified products were purified as follows: Two ul of 125 mM EDTA was
added to the reaction mixture and mixed thoroughly. This was followed by addition of 50
ul of 95% ethanol and thorough mixing. The mixture was incubated at room temperature
for 15 min and centrifuged at 12,000 for 20 min. The supernatant was carefully collected
without touching the unseen pellet and mixed with 250 ul of 70% ethanol. The sample
was mixed thoroughly and centrifuged for 10 min again followed by ethanol washing.
After the third and final washing, the pellet was dried in a sterile air flow unit for 5 min.

-42-

Fig. 21:_ Schematic representation of steps followed in RAPD analysis
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Phylogenetic analysis

Ten µl of HiDye formamide was added to the dried pellet, followed by brief vortexing
and incubating at room temperature for 10 min. The sample was incubated at 95 °C for 5
min followed by immediate immersion in ice for 3 min. After brief spinning, the samples
were loaded in a sequencing tray and submitted for sequencing.
Alignment of sequences and BLAST analysis:
The sequences were viewed using the Chromas program and converted into FASTA
format. For two of the reverse primers used the sequences derived were converted to
reverse and complementary sequences using the Chromas program before being
converted to FASTA format. BLAST analysis of the sequences was performed at the
NCBI website. Following this, the ITS sequences of closely related species available at
the genebanks were obtained (Table 4). Using the multiple alignment mode of the
CLUSTAL X program these sequences were aligned and saved after trimming-off the
surplus residues form the two ends. The saved aligned file was imported in the PHYLIP
program for phylogenetic analysis. Here it was subjected to seqboot followed by dnapars,
consense and finally drawgram to obtain the phylogram.
Table 5: Fungal taxa and GenBank sequences used in the study

Fungal species

Isolate

Host

Origin

Acc.No.

G. bidwelli/
P. ampelicida

CBS 111645

Parthenocissus
quinquefolia

USA

DQ377876

G. citricarpa/
P. citricarpa

CBS 102374

Citrus aurantium

Brazil

DQ377877

G. philoprina

CBS 447.68

Taxus baccata

Netherlands

DQ377878

Guignardia sp.

CPC 10978

Eucalyptus sp.

Colombia

DQ377879

Guignardia sp.

CPC 11867

Acacia crassicarpa

Thailand

DQ377880

Phyllosticta sp.

CPC 11336

Eucalyptus globulus

Spain

DQ377928

Phyllosticta sp.

CPC 12073

Cupressocyparis
leylandii

USA

DQ377929

-
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G. bidwelli/
P. ampelicida

CBS 237.48

DQ678085

G. gaultheriae

CBS 447.70

DQ678089

Fungal endophyte

AEA2779

Dryas integrifolia

DQ979422

Fungal endophyte

AEA2834

Dryas integrifolia

DQ979423

Fungal endophyte

AEA3300

Dryas integrifolia

DQ979427

Fungal endophyte

AEA9144

Platycladus orientalis

EF420046

Fungal endophyte

AEA9135

Platycladus orientalis

EF420049

Fungal endophyte

AEA9134

Platycladus orientalis

EF420050

Fungal endophyte

AEA9130

Platycladus orientalis

EF420051

Fungal endophyte

AEA 9129

Platycladus orientalis

EF420052

Fungal endophyte

AEA 9149

Platycladus orientalis

EF420059

Fungal endophyte

AEA 1182

Magnolia grandiflora

EF420085

Fungal endophyte

AEA 435

Laetia thamnia

EF420093

Fungal endophyte

AEA 6730

Swartzia simplex

EF420102

Fungal endophyte

AEA 6731

Swartzia simplex

EF420103

Phyllosticta sp.

GUFCC 4952

Garcinia indica

India

EU650319

3.3 Screening the isolated fungi for their biological activity (Fig 23):

3.3.1. Cultures for screening: Of the isolates recovered during the study period, 65
cultures (endophytic, phylloplane and litter fungi) obtained from 11 medicinal plants,
were used for screening tests.
An effort was made to check whether the activity was influenced by the substrate,
host or tissue type or independent of the substrate. For this, the activity pattern of
Alysidium resinae (GUFCC 4960 and 4995) isolated as endophyte from Emblica
officinalis and Cymbopogon citratus respectively from Site I and Corynespora
cambrensis (GUFCC 4981 and 4987) isolated from Garcinia indica fresh stem and bark
respectively from Site I were compared. Guignardia bidwelli (5424 and 5422) isolated
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from fresh leaf and stem respectively of Centella asiatica were compared to check the
activity pattern of similar fungi isolated from different tissue types. Morphologically
similar non-sporulating isolates (GUFCC 4978 and 4963) isolated as endophyte from
Syzygium cumini from two different study sites were also compared to check the variation
in activity pattern due to difference in collection sites.
3.3.2 Preparation of culture extracts (Wiyakrutta et al., 2004): Cultures grown on MEA
plates for 7 days were inoculated in 50 ml sterile YES broth taken in 250 ml flasks. The
flasks were incubated at 25 ° C on an orbital shaker (Orbitek, Scigenics Biotech Pvt. Ltd.,
Chennai) at 200 rpm for 10-15 days. The fungal cultures (mycelium together with the
broth) were pulverized in a sonicator (Bandelin Electronics, Berlin, Germany). The
pounded culture extract was extracted in methanol for 2 days and filtered. The methanolic
extract was vacuum-dried and stored at 4 °C until further use.
Standard cultures used in the test panel for assay included filamentous fungi (2:
Alternaria brassicicola [MTCC 2102] and Aspergillus niger [MTCC 282]), yeast (1:
Candida albicans [MTCC 183]) and bacteria (2: Bacillus subtilis [MTCC 144] and
Escherichia coli [MTCC 739]). These were procured from the Micorbial Type Culture
Collection, Institute of Microbial Technology, Chandigarh. Fungi and yeast cultures were
grown on MEA plates for 4-7 days at 25 °C while the bacterial cultures were grown on
nutrient agar (NA) at 37 °C for 24-48 hours. In order to use for screening, a spore/cell
suspension of the cultures was made in sterile distilled water for fungi (10 3 cfu/ml) and
sterile saline for bacteria (10 6 cfu/ml).
3.3.2 Testing biological activity (Pieckova and Roeijmans, 1999): Biological activity of
the extracts was tested in triplicates using the 'Agar-well diffusion' method with DMSO
as solvent. To check antifimgal and antibacterial activity, MEA and NA plates were
seeded with 0.1 vl of the spore/cell suspension and spread evenly using a spreader. Wells
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Standard test organisms
(Bacterial and fungal)

Cell/spore suspension
Fungal 103 cfu /ml in sterile distilled water

Grown on YES broth (10%
sucrose & 2% yeast extract)

Bacteria1:106 cfu /ml in saline

Seeded 0.1 ml of the
---"" suspension on respective
media (spread plate method)

Prepared of cell extract using
sonicator

Bored wells of 6 mm
diameter in the seeded plates
using cork borer

Extracted in methanol

0
Filtered through Whatman
No. I filter paper

■110.
Dissolved in DMSO
(100 mg/ml)

Dried culture
extract

Dispensed 25 ,A.1 of culture
extract in each well

Incubated the plates
(Fungal: 25°C for 7 days
Bacterial: 37°C for 24 hours)

Positive activity:
Inhibition zone
measured

Fig. 23: Schematic representation of steps involved in antibiotic screening
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of size 6 mm were bored on to these plates. The culture extracts to be tested were
dissolved in dimethyl sulfoxide at a concentration of 100 mg/ml. 25g1 of the extract was
dispensed in the wells bored on the seeded plates. The experimental plates were incubated
at 25 °C for 7 days for fungi and yeast and at 37 °C for 24-48 hours for bacteria. Negative
control was maintained by plating 25g1 of DMSO in the seeded plates. Positive control
was maintained by using standard antibiotics, viz. Streptomycin (antibacterial) and
Nystatin (antifungal) at a concentration of 1 mg/ml.
3.3.3 Determining the activity index and creativity index: The culture extracts showing
positive activity against any of the test organisms was determined by the extent of
diameter of 'zone of inhibition' (IZ) formed around them using the formula:
Inhibition zone (IZ) = Diam. of total inhibition zone — Diam. of the well (6 mm)
Based on mean inhibition zone of positive controls, activity index (AI) of each positive
extract was calculated by the formula:
Activity index (AI) = Mean inhibition zone for test sample
Mean inhibition zone for standard antibiotic
Inhibition zone (IZ) : >12 highly active
8-12 moderately active
< 8 slightly active
Extracts having Activity index (AI) greater than 0.4 are considered 'promising
candidates' of novel antibiotics.
In order to understand the utility value of the non-sporulating isolates as compared
to their sporulating counterparts, the cultures screened were segregated into two groups,
the sporulating and non-sporulating fungi. Creativity index (CI) of each of these groups
was determined using the formula:
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Creativity index (CI) =

Number of cultures showing positive activity
Total number cultures screened

Data analysis

3.4

Of the 15 plants studied 11 were considered for statistical analysis .Data gathered from
these 11 plants was viewed and analyzed using the observational approach (i.e. data
measurements was made over a range of conditions imposed by nature such as effect of
different host plants, substrates, tissue type, locations and seasons) to determine the
diversity of fungi on them.
(i)

Different hosts and microhabitats associated with hosts were studied collected in
same season from single collection site.

(ii)

Similar samples collected in same season from different places were studied

(iii) Similar samples collected in different seasons from same place were studied.

Data from the first set of observations was used to determine the percent similarity
between pairs of host plants. For this, Jaccard's similarity coefficient was determined
using the following formula.
Jaccard's similarity coefficient=
A+B+C
A, B= Number of fungal sp. isolated from any two hosts,
C= no. of fungal sp. found in common
Based on the percent similarity, using the SPSS statistical package, a dendrogram of
nearest neighbor linkage was derived showing clustering of host plants based on their
similarities in the fungal species they harbor.
Diversity of fungi occurring in various ecological niches for each plant is presented in the
form of Venn diagrams illustrating the uniqueness and overlap between ecological niches.
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For the second and third set of observations primarily the percent colonization by each
fungus and overall percent tissue colonization was determined using the formulae,
Percent Colonization by each fungus = No. of segments colonized by each fungus X 100
Total segments plated
Percent tissue colonization = Total segments colonized for each tissue type X 100
Total segments plated for that particular tissue type
Variations in the percent tissue colonization and diversity of fungi in two seasons from a
single collection site and from two collection sites in a common season was determined.
Simpson's diversity index for the same was estimated for each tissue type. Simpson's
diversity index is the probability of any two individuals drawn at random from an
infinitely large community belong to different species. It gives a measure of richness and
eveness of species leveled into a single value and is determined using the formula:
Simpson's Diversity Index (SO= 1-E (IV
where, Pi = Number of individuals of each species
Grand total of all individuals of all sp.
Variation in percent tissue colonization for difference in seasons and collection sites is
graphically represented. The significance of this variation was analyzed through
ANOVA.
Besides, the dominance of fungal group in the study, total number of fungi reported from
each plant and plant associated microhabitat was also determined and graphically
represented.
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Chapter IV
RESULTS AND DISCUSSION

Results

Part 1: Taxonomy and diversity of fungi documented from the medicinal plants
Several mycofloristic investigations of plant-associated fungi have been carried
out around the world including India (Kirk et al., 2001). Only 8-10% of the estimated
fungi are known so far. Fungal associations of several plants of the Western Ghats have
also been documented (D'souza, 2002; Jacob, 2000). However, in the light of diverse
plant species and conducive environmental conditions in the Western Ghats, such studies
are fragmentary, both in space and time, leaving behind a lacunae for future workers to
fill. In view of this, the present work was undertaken with an aim to study the diversity,
activity and ecology of the fungi associated with some medicinal plants commonly found
in this part of the world. The collection of samples was done seasonally over a period of 2
years, from June 2004 to May 2006.
The study resulted in the recovery of about 8500 isolates of fungi belonging to
214 species in 117 identified genera. These belonged to Zygomycotina, Ascomycotina,
Deuteromycotina (Hyphomycetes and Coelomycetes) of Kingdom Mycota. A total of 3
species in 3 genera belonged to Zygomycetes, 30 in 16 genera to Ascomycetes, 133
species in 70 genera to Hyphomycetes and 48 species in 28 genera to Coelomycetes. Five
Ascomycetes, one Hyphomycete and twenty Coelomycetes could not be assigned to any
genera in absence of relevant literature and these were designated as UA (undetermined
ascomycete), UH (undetermined hyphomycete) and UC (undetermined coelomycete)
respectively. Besides, 201 non-sporulating isolates could not be assigned to any
taxonomic group in absence of sporulating structures. Six of the non-sporulating cultures
exhibited clamp connections in their hyphae and therefore designated as Undetermined
Basidiomycetes (UB). The remaining, based on their cultural characters such as colony
colour, texture, margin, growth rate and exudates, were grouped into 178 non-sporulating
morphotypes (NSM).
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Nine taxa, viz. Acremoniula microspora, Alternaria goanensis, Dictyochaeta
microsporae, Echinosphaeria macrospora, Harpophora konkanensis, Phaeoacremonium
emblicae, P. indicum, Rachicladosporium indicum and Vermiculariopsiella endophytica,
are considered to be new to science. Detailed diagnostic features of each of this has been
given. These have been compared to other known species in the genus and discussed for
their novelty. Camera lucida illustrations of each of these taxa along with
photomicrographic plate is provided. As per Article 30.5 and Article 36.1 of the
International Code for Botanical Nomenclature, in absence of effective publication and
latin diagnoses, respectively, hitherto, the novelty of these taxa remains provisional
(Hawksworth, 1974).
Most of the taxa are identified down to species level and described based on their
diagnostic characters and supplemented with photomicrographs. Information has been
provided under each taxon with regard to the specimens examined based on which the
descriptions were written.

4.1.1 Taxonomic descriptions
Zygomycetes

Mucor pinformis A. Fisch., 1892, Rabenh. Krypt.-Fl. (Leipzig) 1(2): 191.

(Fig. 24)

Colonies off-white to pale brown, grayish during sporulation. Mycelium composed
of sub-hyaline, aseptate hyphae. Sporangiophores erect, collapsing later, unbranched,
brown to pale gray, aseptate, up to 2 mm long, 14-24 gm wide. Sporangia yellow to pale
brown, spherical, 95-220 gm in diam.; sporangial wall fragile. Collumellae globose, 62160 gm diam., collapsing, smooth, pale brown, non-collarette. Sporangiospores hyaline,
slimy, pale brown, ovoid to irregularly shaped with vacuoles, aseptate, 7.5-16 x 6-10 1.1,M.
Specimen examined: Fresh leaves of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas,

P.; Herb No. PG-0560; Isolated by leaf washing technique.
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Rhizopus oryzae A. Fisch., 1892, Rabenh. Krypt.-Fl. (Leipzig) 1 (4): 233

(Fig. 25)

Colonies pale brown, grayish during sporulation. Mycelium composed of sub-

hyaline, aseptate hyphae. Sporangiophores erect to curved, collapsing later, sometimes
branched from the base, smooth, pale brown, aseptate, up to 2.5 mm long, 10-15 um wide
with rhizoidal base. Sporangia pale brown, spherical to sub-spherical, 80-150 um in
diam. Collumellae globose, smooth, pale brown, 60-100 um diam. Sporangiospores
hyaline, slimy, pale brown, globose to ellipsoidal, aseptate, striated, 6-8 x 6-9 um.

Specimen examined: Fresh leaf of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.;
Herb No. PG-0369; Isolated by leaf washing method.
Syncephalastrum racemosum

Cohn ex J. Schrot., in Cohn, 1886, Krypt.-Fl. Schlesien

(Breslau) 3(2): 217.

(Fig. 26)

Mycelium profusely branched, aseptate, later becoming septate, hyaline, to sub-

hyaline. Sporangiophores repeatedly branched; each branch, short, bearing a vesicle,
forming septa just below the vesicle; straight to flexuous, hyaline to sub-hyaline, smooth,
up to 200 .tm long, 6.5-7.5 .tm wide, ending in a swollen vesicle. Vesicle globose, pale
brown, 20-30 um in diam. covered completely with merosporangia forming dark brown
to gray heads. Merosporangia clavate, 9-13.5 x 4.2-4.5 in the broadest region with
evanescent walls, containing a single row of 4-5 (sometimes 2-3) sporangiospores, with
terminal spore larger in size and the size decreases downwards. Sporangiospores cubical
to globose, 3-6 x 3-4.2 um, smooth, pale brown.

Specimens examined: (i) Fresh root of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0760; Isolated by 3-step sterilization method; (ii) Bark of Emblica
officinalis; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-0540; Isolated by 3-step
sterilization method; (iii) Fresh stem of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0782; Isolated by 3-step sterilization method.
Ascomycetes
Apinisia graminicola La Touche, 1968, Trans. Br. mycol. Soc. 51: 283.

(Fig. 27)

Ascomata gymnothecial, globose, solitary, superficial, 150-180 .tm in diam.

surrounded by a thin layer of loosely interwoven, septate, initially white becoming brown
at maturity, septate, 0.8-1 .tm wide hyphae and spirally coiled, 1.5-1.8 um thick, brown,
smooth, septate peridial appendages Asci eight-spored, globose, sub-globose to broadly
clavate, non-pedicellate sometimes with a short stalk, unitunicate, evanescent, 4-4.4 .tm x
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7.4-7.8. Ascospores sub-globose to convex, minutely verruculose, sub-hyaline to pale
yellow, darker in mass, aseptate, 2.3-2.6 x 1.5-1.8 tm.

Specimen examined: Fresh root of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0157; Isolated by 3-step sterilization method.
Ascotricha chartarum Berk., 1838, Ann. Mag. nat. Hist., Ser. 1 1: 257.

(Fig. 28)

Colonies brown to gray. Ascomata perithecial, superficial, ovoid to obpyriform,
240-290 x 180-210 tm covered with apical and lateral hair, ostiolate. Peridial wall
composed of intricately coiled, thick-walled, dark brown cells. Ascomatal hair up to 580
tm long, 1.5-2.2 tm wide, numerous, dark brown to black, bent at certain angle,
producing hyaline, clavate ampullae at every bent and at the apex. Ampullae 10-12 x 11.5 tm, 2.2-2.6 at the broadest region. Asci eight-spored, unitunicate, cylindrical,
dissolving at maturity, pedicellate, 8.2-8.8 x 5.5-6 tm. Ascospores dark brown, globose,
smooth, aseptate, dorsiventrally slightly flattened, 4-4.4 tm diam.

Specimen examined: Plant litter of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas,
P.; Herb No. PG-0807; Isolated by moist chamber incubation method.
Caliciopsis indica Pratibha, Shenoy, K.D. Hyde & Bhat

(Fig. 29)

Colonies effuse, slow-growing, pale brown. Mycelium partly immersed, partly
superficial, composed of septate, branched, hyaline to subhyaline, smooth, 2-3.5 tm thick
hyphae. Stroma absent. Ascomata perithecial, superficial, solitary, pedicellate, dark
brown, coarse on the exterior surface, ostiolate, 200-320 x 30-65 tm. Ostiole 25-35 tm
wide, single, central, at the apex of the cylindrical ostiolar neck. Peridium composed of
outer 2-3 layers of brown, thick-walled, polygonal cells and inner few layers of
compactly arranged, thin-walled cells. Paraphyses absent. Asci eight-spored, bitunicate,
saccate to pyriform, pedicellate, non-amyloid, 16-25 x 4-6 tm. Ascospores pale brown,
globose, smooth, aseptate, 2.5-4 gm diam.
Specimen examined: Leaf litter of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.;
Herb No. PG-0637; Isolated by moist chamber incubation method.

Chaetomium bostrychodes

Zopf, 1877, Abhandl. Botan. Ver. Prov. Brandenburg 19:
(Fig. 30)

173.

Colonies effuse, off-white with brown scattered ascocarps. Mycelium immersed.
Ascomata perithecial, ovoid to ellipsoidal, grayish brown, superficial, solitary, or in
groups, 340-450 x 170 tm, upper half covered with ascomatal hair. Ascomatal hair
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septate, unbranched, verrucose, spirally coiled, the coil diam. decreasing outwardly.
Peridial wall composed of thick-walled, intricate textured cells. Ostiole single, central,
surrounded by ascomatal hair. Paraphyses absent. Asci eight-spored, globose to broadly
clavate, non-pedicellate, unitunicate, evanescing at maturity. Ascospores aseptate, subhyaline when young, becoming pale to mid-brown at maturity, broadly elliptic to
fusiform, smooth, 6.5-8 x 5-6.5 pm, with germ pores at each end.

Specimen examined: Fresh leaf of Cymbopogon citratus; Colem, Goa; 17.07.04; coll. by Gawas,
P.; Herb No. PG-0445; Isolated by 3-step sterilization method.
Chaetomium globosum Kunze, 1817, Mykologische Hefte (Leipzig) 1: 16.

(Fig. 31)

Colonies effuse, off-white with brown scattered ascocarps. Mycelium immersed.
Ascomata perithecial, ovoid, brown to dark brown, rhizoidal, arising in groups,

superficial, surrounded by peridial wall composed of several layers of thick-walled
intricately arranged cells, 150-380 pm, covered by spirally coiled, septate hair in the
upper region of the ascomata. Ostiole single, central, surrounded by hair. Paraphyses
absent. Asci eight-spored, sub-globose to broadly clavate, non-pedicellate, unitunicate,
evanescing at maturity, 30-36 µm in diam. Ascospores aseptate, sub-hyaline when young
later becoming mid- to dark brown, broadly elliptic to broadly fusiform, smooth, 8-12 x
6-8.5 pm, with germ pores at each end.

Specimens examined: (i) Bark of Syzygium cumini; Mashem, Goa; 12.05.05; coll. by Gawas, P.;
Herb No. PG-1004; Isolated by 3-step sterilization method; (ii) Fresh root of Ocimum
tenuiflorum; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0789; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Semecarpus anacardium; Colem, Goa; 11.04.05; coll. by
Gawas, P.; Herb No. PG-0925; Isolated by 3-step sterilization method; (iv) Litter of Hemidesmus
indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0733; Isolated by moist
chamber incubation method; (v) Fresh leaf of Hemidesmus indicus; Mashem, Goa; 28.12.05; coll.
by Gawas, P.; Herb No. PG-0722; Isolated by 3-step sterilization method; (vi) Bark of Alstonia
scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0256; Isolated by 3-step
sterilization method; (vii) Bark leaf of Alstonia scholaris; Colem, Goa; 17.07.04; coll. by Gawas,
P.; Herb No. PG-0239; Isolated by 3-step sterilization method.
(Fig. 32)

Diaporthe sp.

Colonies slow growing. Ascomata perithecial, sub-globose, stromatic, solitary or

in groups, erumpent to partly immersed, dark brown to black, 650-700 x 580-640 pm,
with a long cylindrical ostiolar neck, 460-550 x 55-65 ttm. Periderm composed of outer
several layers of thick-walled, brown, polygonal cells and inner layers of compressed,
sub-hyaline cells. Paraphyses numersous, hyaline, filiform, flexuous, unbranched. Asci
eight-spored, bitunicate, clavate, pedicellate, with rounded apex, 28-33 x 5-6 pm.
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Fig. 24: Mucor piriformis
Fig. 25: Rhizopus oryzae
Fig. 26: Syncephalastrum racemosum
Fig. 27: Apinisia graminicola
Fig. 28: Ascotricha chartarum
Fig. 29: Caliciopsis indica
Fig. 30: Chaetomium bostrychodes
Fig. 31: Chaetomium globosum
Fig. 32: Diaporthe sp.
Fig. 33: Discosphaerina mirabilis
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Ascospores uniseptate, hyaline, fusiform, smooth, constricted at the septa, 2-3
guttulate, 10-12 x 2.5-3

Specimens examined: (i) Fresh stem of Aegle marmelos; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0061; Isolated by 3-step sterilization method; (ii) Fresh stem of Emblica
officinalis; Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb No. PG-0518; Isolated by 3-step
sterilization method.
Discosphaerina mirabilis (E.

Sivan., 1984, Bitunicate Ascomycetes and their
(Fig. 33)

Anamorphs (Vaduz): 150.

Ascomata pseudothecial, scattered, solitary, globose to ob-pyriform, unilocular,
gray to black, erumpent 160-200 x 140-160 Rm. Peridium thin, composed of outer thickwalled angular gray layer and inner thin walled, hyaline angular cells. Ostiolate. Asci
eight-spored, oblong to clavate, pedicellate, rounded at eh apex, bitunicate, fissitunicate,
54-65 pm long, 11-14 lam in the broadest region. Ascospores aseptate, hyaline, ellipsoidal
to cylindrical with rounded ends, straight to slightly curved, smooth, guttulate, irregularly
biseriate, 13-17 x 5.5-6.5 pm

Specimen examined: Leaf litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by Gawas,
P.; Herb No. PG-0304; Isolated by particle plating method.

Emericella nidulans (Eidam) Vuill., 1927, Compte rendu hebdomadaire des Sciences de
(Fig. 34)

l'Academie des sciences, Paris 184: 137.

Ascomata cleistothecial, globose to sub-globose, solitary or in groups, superficial,
deep orange, 100-180 pim in diam. surrounded hulle cells and a thin layer of intricate
textured cell. Htille cells hyaline to sub-hyaline, globose, 18-28 um in diam. Ostiole
absent. Paraphyses absent. Asci eight-spored, globose, non-pedicellate, unitunicate, 7-12
ilt11

in diam. Ascospores aseptate, bivalved, hyaline when young becoming reddish brown

at maturity, lenticular, with entire circular ridges along the sides having longitudinal
striations, 3-3.8 lam diam. (5-5.5 inn including membranous edges), 3-3.5 lam wide.

Specimen examined: Fresh root of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by Gawas,
P.; Herb No. PG-0008; Isolated by 3-step sterilization method.
Emericella subulata Y. Horie, 1979, Trans. Mycol. Soc. Japan 20(4): 481.

(Fig. 35)

Ascomata cleistothecial, globose to sub-globose, solitary or in groups, deep
orange, superficial, 320-400 lam in diam. surrounded by peridial wall composed of thin
layer of intricate textured cells, interwoven hyphae and hillle cells. Hillle cells hyaline to
sub-hyaline, thick-walled, toroid, 18-22 lam in diam. Paraphyses absent. Asci eight-
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spored, globose, non-pedicellate, unitunicate, 8-10 gm in diam. Ascospores aseptate,
hyaline when young becoming reddish brown at maturity, lenticular, bivalved, smooth,
with entire circular ridges, 3-3.5 gm diam. (5.5-6 gm in including the ridges), with
longitudinal striations along the membrane, 3-3.5 gm wide.

Specimens examined: (i) Fresh root of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG-0714; Isolated by 3-step sterilization method; (ii) Fresh root of
Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0673; Isolated by
3-step sterilization method.
Emericella variecolor Berk. & Broome, 1857, Intr. crypt. bot. (London): 340.

(Fig. 36)

Ascomata cleistothecial, globose to sub-globose, solitary or in groups, deep

orange, superficial, 350-450 .tm in diam. surrounded by peridial wall composed of
several layers of thick-walled loose interwoven hyphae, sub-hyaline to pale brown and
hiille cells. HUlle cells hyaline to pale violet, globose to irregularly shaped, thick-walled,
9-24 .tm in diam. Ostiole absent. Paraphyses absent. Asci eight-spored, globose, nonpedicellate, unitunicate, 8-9 gm in diam. Ascospores aseptate, bivalved, hyaline when
young becoming reddish brown at maturity, lenticular, with membranous stellate edges
having longitudinal striations, 3-4 tm diam. (9-11 tm including ridges), 2.5-3 gm wide.

Specimens examined: (i) Litter of Syzygium cumini; Colem, Goa; 01.05.06; coll. by Gawas, P.;
Herb No. PG-1021; Isolated by moist chamber incubation method; (ii) Litter of Achyranthes
aspera; Mashem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0046; Isolated by Moist
chamber incubation method; (iii) Fresh leaf of Piper belle; Colem, Goa; 01.05.06; coll. by Gawas,
P.; Herb No. PG-0893; Isolated by leaf washing method.

Eurotium carnoyi Malloch & Cain, 1955, Mycologia 47: 675.

(Fig. 37)

Ascomata cleistothecial, globose to sub-globose, in groups, deep orange,

superficial, up to 1500 .tm in diam., non-ostiolate. Peridium composed of 1-2 layers of
thick-walled, brown, polygonal cells. Paraphyses absent. Asci eight-spored, globose, nonpedicellate, unitunicate, evanescent, 8-11 .tm in diam. Ascospores aseptate, hyaline when
young, turning pale brown at maturity, smooth, lenticular, with stellate ridges, 1.5-2 gm
diam. (4-4.5 including the ridges), 2-2.5 gm wide.

Specimens examined: (i) Fresh leaf of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0648; Isolated by Leaf washing technique; (ii) Litter of Ocimum tenuiflorum;
Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0804; Isolated by Moist chamber
incubation method.
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Eurotium chevalieri L. Mangin, 1909, Ann. Sci. Nat., Bot. 10:361.

(Fig. 38)

Ascomata cleistothecial, globose to sub-globose, in groups, deep orange,
superficial, up to 100-150 Inn in diam., non-ostiolate. Peridium composed of thickwalled, brown, polygonal cells. Paraphyses absent. Asci eight-spored, globose, nonpedicellate, unitunicate, evanescent, 10-14 um in diam. Ascospores hyaline to pale
orange, circular, convex, lenticular, bivalved, with thin pleated circular membranous
edges, smooth, 3.5-4 Inn in diam. (5.5-6 including the ridges), 2.7-3 inn wide
Specimen examined: Fresh stem of Semecarpus anacardium; Colem, Goa; 11.04.05; coll. by
Gawas, P.; Herb No. PG-0937; Isolated by 3-step sterilization method.
Eurotium rubrum J.

Konig, Spieck. & W. Bremer, 1901, Z. Untersuch. Nahrungs-

Gen. smittel 4:726.

(Fig.

39)

Ascomata cleistothecial, globose to sub-globose, in groups, deep orange,
superficial, up to 180 µm in diam., non-ostiolate. Peridium composed of 1-2 layers of
thick-walled, brown, polygonal cells. Paraphyses absent. Asci eight-spored, globose, nonpedicellate, unitunicate, evanescent, 12-16 1.trn in diam. Ascospores aseptate, hyaline
when young, turning pale brown at maturity, smooth, lenticular, with circular ridges, 44.5 µm diam. (5.5-6 um including the ridges), 2-3.2 um wide.
Specimens examined: (i) Fresh stem of Aegle marmelos; Colem, Goa; 24.06.05; coll. by Gawas,
P.; Herb No. PG-0078; Isolated by 3-step sterilization method; (ii) Fresh stem of Aegle marmelos;
Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0090; Isolated by 3-step sterilization
method.

(Fig. 40)

Eurotium sp.1

Ascomata cleistothecial, globose to sub-globose, solitary or in groups, superficial,
320-380 µm in diam., non-ostiolate. Peridium thin composed of 1-2 layers of flattened,
brown, polygonal cells surrounded by sub-hyaline to pale brown, loose interwoven
hyphae. Paraphyses absent. Asci eight-spored, globose, non-pedicellate, unitunicate,
evanescent, 5-7.5 um in diam. Ascospores aseptate, hyaline, convex, lenticular verrucose,
with stellate ridges 2.5-3.5 1.trn in diam., 1.5-2 um wide.
Specimen examined: Fresh root of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0158; Isolated by 3-step sterilization method.

(Fig. 41)

Eurotium sp. 2

Ascomata cleistothecial, globose to sub-globose, solitary or in groups, superficial,
non-ostiolate, 140-165 imn in diam. Peridium thin, composed of 1-2 layers of flattened
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Fig. 34: Emericella nidulans
Fig. 35: Emericella subulata
Fig. 36: Emericella variecolor
Fig. 37: Eurotium carnoyi
Fig. 38: Eurotium chevalieri
Fig. 39: Eurotium rubrum
Fig. 40: Eurotium sp.1
Fig. 41: Eurotium sp. 2
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polygonal cells. Paraphyses absent. Asci eight-spored, globose, non-pedicellate,
unitunicate, 6-9 pm in diam. Ascospores aseptate, hyaline, convex, lenticular, verrucose,
bivalved, with circular ridges having pleated appearance, 1.2-1.5 pm in diam. (2.4-2.8
including the ridges), 1.5-1.8 pm wide.
Specimen examined: Fresh root of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0675; Isolated by 3-step sterilization method.

Glomerella sp.

(Fig. 42)

Colonies slow growing. Ascomata perithecial, globose to obpyriform, solitary or
aggregated in small groups, superficial, dark brown, ostiolate, 380-420 x 290-310 pm.
Ostiolate, single, central. Peridium composed of outer many-layered, thick-walled,
brown, polygonal cells and inner thinner, pale brown to sub-hyaline cells. Paraphyses
numerous, septate, unbranched, with granular contents, interspersed with the asci. Asci
50-75 x 8-10 pm, eight-spored, clavate to cylindrical, unitunicate, with short pedicel;
apex rounded with apical ring. Ascospores broadly fusiform to ellipsoidal, septate,
guttulate, hyaline, straight to slightly curved, smooth, biseriately arranged, 12-15 x 4-4.2
Ilm.
Specimen examined: Fresh leaf of Justicia adhatoda; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0328; Isolated by 3-step sterilization method.

Gorgoniceps vernoniicola (Henn.) Bat. 1960, Atas Inst. Micol. 1: 244.

(Fig. 43)

Ascomata apothecial, sessile, aggregated in groups, yellowish brown, 230-350 pm
in diam. Paraphyses filiform, flexuous, hyaline, up to 120 pm long x 1 pm wide. Asci
eight-spored, cylindrical to narrowly clavate, pedicellate, rounded at the apex, bitunicate,
90-110 pm long x 5-5.5 pm wide in the broadest region. Ascospores pluriseptate, hyaline
to sub-hyaline, elongated, filiform, smooth, 70-85 x 1.5-2 pm
Specimen examined: Litter of Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb
No. PG-1017; Isolated by Moist chamber incubation method.

Guignardia bidwellii (Ellis) Viala & Ravaz, 1892, Bull. Soc. mycol. Fr. 8: 63.

(Fig. 44)

Colonies effuse, dark gray to black; margin rhizoidal, having medium growth rate
on MEA. Mycelium immersed. Ascomata globose to sub-globose, pseudothecial,
multilocular, aggregated on the stroma, 300-370 x 270-320 p.m. Stroma erumpent.
Peridium composed of thick-walled, dark brown, pseudoparenchymatous cells.

Paraphyses absent. Asci eight-spored, broadly clavate, pedicellate, rounded at the apex,
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bitunicate, fissitunicate, 60-95 gm long, 8-10 wide in the broadest region. Ascospores
aseptate, hyaline, straight to slightly bent, rhomboidal to ellipsoidal, wider in the centre,
guttulate, smooth, irregularly biseriate, 14-17.5 gm long, 6-7.5 gm in centre, 2.8-3.8 gm
at terminal ends.
Specimens examined: (i) Fresh leaf ofAndrographis paniculata; Mashem, Goa; 16.03.05; coll. by
Gawas, P.; Herb No. PG-0194; Culture No. GUFCC 4957; Isolated by 3-step sterilization method;
(ii) Fresh leaf of Centella asiatica; Colem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0398;
Isolated by 3-step sterilization method (iii) Fresh stem of Centella asiatica; Colem, Goa;
24.01.05; coll. by Gawas, P.; Herb No. PG-0402; Isolated by 3-step sterilization method; (iv)
Fresh stem of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG0936; Isolated by 3-step sterilization method; (v) Fresh leaf of Semecarpus anacardium; Colem,
Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0951; Isolated by 3-step sterilization method;
(vi) Fresh leaf of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0593;
Isolated by 3-step sterilization method.

Guignardia citricarpa Kiely, 1948, Proc. Linn. Soc. N. S. W. 73: 259.

(Fig. 45)

Colonies effuse, dark gray to black with rhizoidal margin, having medium growth
rate on MEA. Mycelium immersed. Ascomata obpyriform to irregularly pseudothecial,
multilocular, aggregated on stroma, 200-490 x 120-330 gm. Stroma erumpent. Peridium
composed of thick-walled, dark brown, pseudoparenchymatous cells. Paraphyses absent.
Asci eight-spored, broadly clavate, pedicellate, rounded at the apex, bitunicate,
fissitunicate, 50-90 x 8-15 gm. Ascospores aseptate, hyaline to sub-hyaline, rhomboidal,
straight to bent, smooth, tri-guttulate, irregularly biseriate, 12-18 gm long, 4-6 gm in
centre, 2.8-3.8 gm at terminal ends.
Specimens examined: (i) Fresh stem of Achyranthes aspera; Mashem, Goa;10.01.05; coll. by

Gawas, P.; Herb No. PG-0019; Isolated by 3-step sterilization method; (ii) Fresh leaf of Alstonia
scholaris; Colem, Goa; 17.07.04; coll. by Gawas, P.; Herb No. PG-0222; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Alstonia scholaris; Mashem, Goa; 13.02.06; coll. by
Gawas, P.; Herb No. PG-0253; Isolated by 3-step sterilization method; (iv) Fresh leaf of
Cymbopogon citratus; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No. PG-0441; Isolated by
3-step sterilization method; (v) Fresh leaf of Cymbopogon citratus aniculata; Colem, Goa;
17.07.04; coll. by Gawas, P.; Herb No. PG-0451; Isolated by 3-step sterilization method; (vi)
Fresh leaf of Cymbopogon citratus; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG0468; Isolated by 3-step sterilization method; (vii) Fresh root of Hemidesmus indicus; Colem,
Goa; 01.05.05; coll. by Gawas, P.; Herb No. PG-0681; Isolated by 3-step sterilization method;
(viii) Fresh leaf ofHemidesmus indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG0694; Isolated by 3-step sterilization method; (ix) Fresh leaf of Hemidesmus indicus; Mashem,
Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0710; Isolated by 3-step sterilization method; (x)
Fresh leaf of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG1063; Isolated by 3-step sterilization method; (xi) Fresh stem of Strychnos nux-vomica; Colem,
Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-1088; Isolated by 3-step sterilization method;
(xii) Fresh stem of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No.
PG-1096; Isolated by 3-step sterilization method; (xiii) Fresh leaf of Strychnos nux-vomica;

Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1101; Isolated by 3-step sterilization
method.

Guignardia mangiferae A.J. Roy, 1968, Indian Phytopath. 20(4): 348.

(Fig. 46)

Colonies effuse, dark gray to black; margin rhizoidal, having medium growth rate
on MEA. Mycelium immersed. Ascomata obpyriform, pseudothecial, multilocular,
aggregated on stroma, 180-260 x 90-120 pm. Stroma erumpent. Peridium composed of
thick-walled, dark brown, pseudoparenchymatous cells. Paraphyses absent. Asci eightspored, broadly clavate, pedicellate, rounded at the apex, bitunicate, fissitunicate, 45-65 x
10-13 1.tm. Ascospores aseptate, hyaline, smooth, rhomboidal, straight to slightly bent,
guttulate, sometimes eguttulate, biseriate, 10-15 x 4-6.5 1.tm at the centre, 2.5-3.5 1.tm at
the terminal ends.
Specimens examined: (i) Fresh leaf of Ocimum tenuiflorum; Colem, Goa; 04.10.04; coll. by
Gawas, P.; Herb No. PG-0771; Isolated by 3-step sterilization method; (ii) Fresh leaf of Strychnos
nux vomica; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-1081; Isolated by 3-step
sterilization method; (iii) Fresh stem of Andrographis paniculata; Mashem, Goa; 28.12.04; coll.
by Gawas, P.; Herb No. PG-0176; Isolated by 3-step sterilization method; (iv) Fresh leaf of
Justicia adhatoda; Colem, Goa; 01.10.05; coll. by Gawas, P.; Herb No. PG-0330; Isolated by 3step sterilization method.
-

Guignardia philoprina (Berk. & M.A. Curtis) Aa, 1973, Stud. Mycol. 5: 44.

(Fig. 47)

Colonies effuse, dark gray to black with rhizoidal margin, having medium growth
rate on MEA. Mycelium immersed. Ascomata obpyriform to irregularly pseudothecial,
aggregated on stroma, 280-340 tm in diam. Stroma erumpent. Peridium composed of of
thick-walled, dark brown, pseudoparenchymatous cells. Paraphyses absent. Asci eightspored, broadly clavate, pedicellate, rounded at the apex, bitunicate, fissitunicate, 60-75 x
12.5 -14.5

Ascospores aseptate, hyaline, rhomboidal, straight to bent, smooth, mostly

tri-guttulate, irregualry biseriate, 14-16 .tm long, 6-8.5 .tm in the centre, 3.6-4.2 .tm at
edges.
Specimens examined: (i) Fresh leaf of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0034; Isolated by 3-step sterilization method; (ii) Fresh stem of Emblica
officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0515; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by
Gawas, P.; Herb No. PG-0537; Isolated by 3-step sterilization method; (iv) Fresh stem of Emblica
officinalis; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-0549; Isolated by 3-step
sterilization method; (v) Fresh leaf of Emblica officinalis; Colem, Goa; 17.07.04; coll. by Gawas,
P.; Herb No. PG-0524; Isolated by 3-step sterilization method.

4.-

Fig. 42: Glomerella sp.
Fig. 43: Gorgoniceps vernoniicola
Fig. 44: Guignardia bidwellii
Fig. 45: Guignardia citricarpa
Fig. 46: Guignardia mangiferae
Fig. 47: Guignardia philoprina
Fig. 48: Lasiosphaeria spermoides
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Lasiosphaeria spermoides (Hoffm.) .Ces. & De Not., 1863, Comm. Soc. crittog. Ital. 1(4):
229.

(Fig. 48)
Ascomata perithecial, pyriform, in groups, dark brown, ostiolate. 200-0250 x 150-

185 gm. Ostiole short central. Peridium composed of several layers of dark brown, thickwalled, pseudoparenchymatous cells. Paraphyses absent. Asci 62-78 x 11-14 gm, narrow
at the apex, possessing an apical ring, truncate at apex when young. Ascospores guttulate,
allantoid, vermiform, hyaline to sub-hyaline, aseptate, smooth, biseriate, 18-22 x 4.2-5
Specimen examined: Fresh leaf of Piper betle; Colem, Goa; 12.03.05; coll. by Gawas, P.; Herb
No. PG-0862; Isolated by 3-step sterilization method.

Lasiosphaeria sp. 1

(Fig. 49)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial,
composed of branched septate, pale brown hyphae. Ascomata perithecial, pyriform, 200280 x 120-165 gm, growing in groups, dark brown, ostiolate. Ostiole single, short,
central. Peridium pseudoparenchymatous, composed of outer, dark brown, polygonal,
thickened cells and inner hyaline to sub-hyaline, compressed layers of thin-walled cells.
Paraphyses absent. Asci 36-44 x 9-11 gm, eight spored, arising from the base of inner
layer of periderm, clavate, unituncate, pedicellate, narrow at the tip, with apical ring.
Ascospores 12.5-15.5 x 4.2-5 gm, allantoid to vermiform, hyaline to sub-hyaline,
aseptate, guttulate, smooth, biseriately arranged.
Specimens examined: (i) Fresh leaf of Emblica officinalis; Mashem, Goa; 13.02.05; coll. by
Gawas, P.; Herb No. PG-0547; Isolated by 3-step sterilization method; (ii) Fresh stem of
Strychnos nux vomica; Colem, Goa; 12.07.05; coll. by Gawas, P.; Herb No. PG-1094; Isolated by
3-step sterilization method; (iii) Fresh stem of Achyranthes aspera; Mashem, Goa; 21.05.05; coll.
by Gawas, P.; Herb No. PG-0026; Isolated by 3-step sterilization method.
-

(Fig. 50)

Lasiosphaeria sp. 2

Colonies effuse, pale brown. Ascomata perithecial, pyriform, 120-160 x 90-120
gm, growing in groups, dark brown, ostiolate.

Peridium pseudoparenchymatous,

composed of outer thick-walled, brown polygonal cells and inner hyaline to sub-hyaline,
thin walled flattened cells. Ostiole single, short, central. Paraphyses absent. Asci 30-40 x
8-10 .tm, eight spored, arising from the base of inner layer of periderm, clavate,
unituncate, pedicellate, narrow at the tip. Ascospores 8-13 x 3.5-4.5 p.m, cylindrical to
allantoid, hyaline to sub-hyaline, aseptate, guttulate, smooth, biseriately arranged.
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Specimen examined: Fresh stem of Piper belle; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb
No. PG-0876; Isolated by 3-step sterilization method.

Lasiosphaeria sp. 3

(Fig. 51)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial,
composed of branched septate, pale brown hyphae. Ascomata perithecial, pyriform, up to
240-280 high, 120-140 p.m wide, growing in groups, dark brown, ostiolate. Ostiole single,
short, central. Peridium pseudoparenchymatous, composed of outer, dark brown,
polygonal, thickened cells and inner hyaline to sub-hyaline, compressed layers of thinwalled cells. Paraphyses absent. Asci 35-45 x 8-10 p.m, eight spored, arising from the
base of inner layer of periderm, clavate, unituncate, pedicellate, narrow at the tip.
Ascospores 12-15 x 4-5 Rin, cylindrical to allantoid, hyaline to sub-hyaline, aseptate,
guttulate, smooth, biseriately arranged.
Specimen examined: Fresh leaf of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0598; Isolated by 3-step sterilization method.

Microascus trigonosporus C.W. Emmons & B.O. Dodge, 1931, Mycologia 23: 317.

(Fig. 52)
Ascomata perithecial, globose, solitary, superficial, 240-310 pm in diam., with a
short, ostiolar neck. Ostiole present, central. Peridium composed of thick-walled, dark
brown to black angular cells. Paraphyses absent. Asci eight-spored, globose to ovoid,
non-pedicellate, unitunicate, 8.5-9.5 pm when globose, 8-9 x 11-12 p.m when ovoid.
Ascospores aseptate, hyaline, triangular each side slightly concave, rounded at ends,
smooth, eguttulate, appearing reddish brown in mass, 3-4 p.m wide.
Specimen examined: Fresh root of Andrographis paniculata; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0145; Isolated by 3-step sterilization method.

Ophioceras commune Shearer, J.L. Crane & W. Chen, 1999, Mycologia 91(1): 146.

(Fig. 53)
Colonies slow growing, off-white. Mycelium immersed, hyaline. Ascomata
perithecial, solitary, erumpent to partly immersed, dark brown to black, globose to subglobose, 230-600 p.m diam. with a long, cylindrical, periphysate, ostiolar canal, up to
760-3000 p.m long , 40-60 p.m wide at the base, 24 pm wide at the apex. Peridium
composed of outer thick-walled, dark brown angular cells and inner several layers of thinwalled, hyaline, compressed angular cells. Paraphyses numerous, septate, hyaline,

- 66 -.

filiform, flexuous, sigmoid, unbranched, 85-100 x up to 2 pm thick. Asci eight spored,
cylindrical, with short pedicel, truncate apex with an apical ring, unitunicate, straight to
sigmoid, 80-120 x 5.5-7pm. Ascospores 3-7 septate, hyaline, filiform, smooth, eguttulate,
65-100pm long, 1.5- 2 pm thick.
Specimens examined: (i) Fresh leaf of Aegle marmelos; Colem, Goa; 15.08.04; coll. by Gawas,
P.; Herb No. PG-0082; Isolated by 3-step sterilization method; (ii) Litter of Alstonia scholaris;
Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0278; Isolated by moist chamber
incubation method; (iii) Fresh leaf of Justicia adhatoda; Colem, Goa; 15.08.04; coll. by Gawas,
P.; Herb No. PG-0326; Isolated by 3-step sterilization method; (iv) Fresh leaf of Garcinia indica;
Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0596; Isolated by 3-step sterilization
method; (v) Fresh leaf of Hemidesmus indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb
No. PG-0691; Isolated by 3-step sterilization method.

Ophioceras dolichostomum (Berk. & M.A. Curtis) Sacc., 1883, Syll. fung. (Abellini).

(Fig. 54)
Ascomata perithecial, solitary, erumpent, dark brown to black, globose to subglobose, 300-400 1..tm diam. with a long, cylindrical, periphysate, 700-1100 x 64-70 p.m
ostiolar canal covered exteriorly with hair on the upper half, sometimes two ostiolar necks
emerge from a single ascocarp in culture. Peridium composed of thick-walled, dark
brown angular cells. Asci eight spored, cylindrical with short pedicel, truncate apex with
an apical ring, unitunicate, straight to sigtnoid, 60-70 x 6-6.5

1.1,M.

Paraphyses

unbranched, hyaline, filiform sigmoid. Ascospores 4-7 septate, hyaline, acicular, smooth,
eguttulate, 60-75 x 2.2-2.6 gm.
Specimen examined: Fresh stem of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0148; Isolated by 3-step sterilization method.

Talaromyces wortmannii Stolk & Samson, 1972, Stud. Mycol. 2: 39.

(Fig. 55)

Ascomata cleistothecial, spherical to sub-spherical, solitary or in groups, brown,
superficial, pale brown, non-ostiolate, up to 320 pm in diam. Peridial wall composed of
loose or compressed interwoven hyphae. Paraphyses absent. Asci eight-spored, ovate to
globose, non-pedicellate, unitunicate, borne in short chains on the hyphae, 9-11 gm in
diam. Ascospores aseptate, hyaline to sub-hyaline, ovoid to ellipsoidal, verrucose,
aseptate, 4.2-5 x 3-4.2
Specimen examined: Bark of Alstonia scholaris; Mashem, Goa; 13.02.06; coll. by Gawas, P.;
Herb No. PG-0260; Isolated by 3-step sterilization method.
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Fig. 49: Lasiosphaeria sp. 1
Fig. 50: Lasiosphaeria sp. 2
Fig. 51: Lasiosphaeria sp. 3
Fig. 52: Microascus trigonosporus
Fig. 53: Ophioceras commune
Fig. 54: Ophioceras dolichostomum
Fig. 55: Talaromyces wortmannii
Fig. 56: Acremonium acutatum
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Hyphomycetes

Acremonium acutatum W. Gams, 1975, Trans. Br. mycol. Soc. 64: 394.
(Fig. 56)
Colonies effuse, off-white. Mycelium superficial, composed of branched, septate,
hyaline, smooth, 2-2.5 gm thick hyphae.

Conidiophores semi-macronematous,

mononematous, unbranched to rarely branched, straight to flexuous, hyaline, smooth, 2225 x 1.5-2.2 gm. Conidiogenous cells monophialidic, integrated, terminal, discrete when
branched, hyaline, cylindrical to subulate, up to 20 gm long, 1.5-2 gm; collarette absent.
Conidia in false chains, which slides down to from slimy heads, simple, fusiform with
truncate ends, smooth, aseptate, hyaline, 3.5-4.5 x 0.8-1 gm. Sclerotia present.
Specimens examined: (i) Fresh leaf of Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by
Gawas, P.; Herb No. PG-0438; Isolated by 3-step sterilization method; (ii) Litter of Cymbopogon
citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0472; Isolated by Moist
chamber incubation method; (iii) Fresh leaf of Cymbopogon citratus; Colem, Goa; 13.03.05; coll.
by Gawas, P.; Herb No. PG-0486; Isolated by leaf washing method; (iv) Litter of Cymbopogon
citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0496; Isolated by particle
plating method; (v) Fresh stem of Piper belle; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb
No. PG-0836; Isolated by 3-step sterilization method; (vi) Fresh leaf of Piper belle; Colem, Goa;
10.01.05; coll. by Gawas, P.; Herb No. PG-0859; Isolated by 3-step sterilization method; (vii)
Fresh stem of Piper belle; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0880;
Isolated by 3-step sterilization method; (viii) Fresh leaf of Syzygium cumini; Colem, Goa;
13.03.05; coll. by Gawas, P.; Herb No. PG-1030; Isolated by leaf washing method; (ix) Litter of
Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-1042; Isolated by
particle plating method (x) Fresh leaf of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by
Gawas, P.; Herb No. PG-0377; Isolated by leaf washing method.

Acremonium byssoides W. Gams & T.M. Lim, in Gams, 1975, Trans. Br. mycol. Soc. 64:
391.

(Fig.

57)

Colonies effuse, off-white. Mycelium superficial, composed of branched, septate,
hyaline, smooth, 2-2.5 gm thick hyphae forming mycelial cords. Conidiophores semimacronematous, mononematous, unbranched, straight to flexuous, hyaline, smooth, 12-20
x 1-1.5 gm. Conidiogenous cells monophialidic, integrated, terminal, cylindrical to
subulate, hyaline, 10-14 x 1-1.5 gm; collarette absent. Conidia slimy, ellipsoidal to
obovoid, smooth, straight to curved, aseptate, hyaline, 2-3.5 x 1-2 gm.
Specimens examined: (i) Fresh stem of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0759; Isolated by 3-step sterilization method; (ii) Fresh root of Ocimum
tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0798; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG-0788; Isolated by 3-step sterilization method.
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Acremonium curvulum

W. Gams, 1971,

Cephalosporium-artige Schimmelpilze

(Stuttgart): 57.

(Fig. 58)

Colonies effuse, off-white to pale brown. Mycelium superficial, composed of
branched, septate, hyaline, smooth, 2-2.5 µm thick hyphae.

Conidiophores

macronematous, mononematous, unbranched, sometimes branched from the base, straight
to flexuous, hyaline, smooth, up to 200 2-3 Rm. Conidiogenous cells monophialidic,
integrated, terminal, cylindrical, hyaline, 25-50 x 2-2.4 i.tm; collarette absent. Conidia
glioid, simple, obovoid to ellipsoidal to cylindrical, straight to slightly curved, smooth,
aseptate, hyaline, 3-7 x 1.5-3 Rm.
Specimens examined: (i) Bark of Aegle marmelos; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0070; Isolated by 3-step sterilization method; (ii) Bark of Aegle marmelos;
Mashem, Goa; 14.05.06; coll. by Gawas, P.; Herb No. PG-0099; Isolated by 3-step sterilization
method; (iii) Litter of Piper belle; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG0908; Isolated by particle plating method.

Acremonium strictum W. Gams, 1971, Cephalosporium-artige Schimmelpilze (Stuttgart):

(Fig. 59)

42.

Colonies effuse, off-white. Mycelium superficial, composed of branched, septate,
hyaline, smooth, 2-2.5 i.tm thick hyphae.

Conidiophores semi-macronematous,

mononematous, unbranched, sometimes branched, straight to flexuous, hyaline, smooth,
20-50 x 1.5-2.5

Conidiogenous cells monophialidic, integrated, terminal, discrete

when branched, hyaline, cylindrical to subulate, up to 32 µm long, 1-1.5 i.tm wide.
Conidia glioid, simple, obovoid to ellipsoidal, hyaline, aseptate, smooth, 4-4.5 x 1.5-2
Specimens examined: (i) Fresh leaf of Aegle marmelos; Colem, Goa; 28.12.05; coll. by Gawas,
P.; Herb No. PG-0122; Isolated by leaf washing method; (ii) Litter of Aegle marmelos; Colem,
Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0127; Isolated by particle plating method; (iii)
Fresh leaf of Justicia adhatoda Colem, Goa; 17.10.05; coll. by Gawas, P.; Herb No. PG-0336;
Isolated by 3-step sterilization method; (iv) Bark of Emblica officinalis; Colem, Goa; 18.02.05;
coll. by Gawas, P.; Herb No. PG-0506; Isolated by 3-step sterilization method; (v) Fresh leaf of
Garcinia indica; Colem, Goa; 26.10.05; coll. by Gawas, P.; Herb No. PG-0642; Isolated by leaf
washing method; (vi) Fresh root of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0678; Isolated by 3-step sterilization method; (vii) Fresh leaf of Hemidesmus
indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0739; Isolated by leaf washing
method; (viii) Fresh leaf of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.;
Herb No. PG-0744; Isolated by leaf washing method; (ix) Litter of Hemidesmus indicus; Colem,
Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0752; Isolated by particle plating method; (x)
Fresh leaf of Piper belle; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0837; Isolated
by 3-step sterilization method; (xi) Fresh root of Piper belle; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0841; Isolated by 3-step sterilization method; (xii) Fresh root of Piper
belle; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0874; Isolated by 3-step
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sterilization method; (xiii) Litter of Piper belle; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb
No. PG-0886; Isolated by moist chamber incubation method; (xiv) Litter of Piper belle; Colem,
Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0901; Isolated by particle plating method; (xv)
Fresh leaf of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG0051; Isolated by leaf washing method; (xvi) Fresh leaf of Justicia adhatoda; Colem, Goa;
21.05.05; coll. by Gawas, P.; Herb No. PG-0368; Isolated by leaf washing method; (xvii) Fresh
leaf of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0374;
Isolated by leaf washing method; (xviii) Fresh leaf of Alstonia scholaris; Colem, Goa; 21.09.05;
coll. by Gawas, P.; Herb No. PG-0227; Isolated by 3-step sterilization method; (xix) Litter of
Alstonia scholaris; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0297; Isolated by
particle plating method; (xx) Fresh leaf of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by
Gawas, P.; Herb No. PG-1127; Isolated by leaf washing method; (xxi) Leaf litter of Emblica
officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-1147; Isolated by particle
plating method.

Acremonium sp.1

(Fig. 60)

Colonies effuse, off-white. Mycelium superficial, composed of branched, septate,
hyaline, smooth, 2-2.5 pm thick hyphae.

Conidiophores semi-macronematous,

mononematous, unbranched to rarely branched, straight to flexuous, hyaline, smooth.

Conidiogenous cells monophialidic, integrated, terminal, discrete when branched,
hyaline, cylindrical to subulate; collarette absent. Conidia ellipsoidal, hyaline, aseptate,
solitary, glioid, semi-endogenous, simple, smooth, 4-6 x 1-1.5 p.m. Chlamydospores
present.
Specimens examined: (i) Fresh leaf of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0048; Isolated by leaf washing method; (ii) Bark of Emblica officinalis;
Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-0509; Isolated by 3-step sterilization
method; (iii) Fresh stem of Alstonia scholaris; Colem, Goa; 17.07.04; coll. by Gawas, P.; Herb
No. PG-0233; Isolated by 3-step sterilization method; (iv) Fresh leaf of Alstonia scholaris;
Colem, Goa; 11.01.05; coll. by Gawas, P.; Herb No. PG-0282; Isolated by leaf washing method.

Acremonium sp. 2

(Fig. 61)

Colonies effuse, off-white. Mycelium superficial, composed of branched, septate,
hyaline, smooth, 2-2.5 pm thick hyphae, often forming mycelial cords with 3-7 hyphal
threads. Conidiophores semi-macronematous, mononematous, unbranched to rarely
branched, straight to flexuous, hyaline, smooth, 22-45 x 1.5-2.2 pm. Conidiogenous cells
monophialidic, integrated, discrete when branched, hyaline, long, 16-24 pm, collarette
absent. Conidia glioid, semi-endogenous, simple, obovoid to ellipsoidal, smooth,
aseptate, hyaline, 3-4.5 x 1.5-2 pm.
Specimens examined: (i) Fresh leaf of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas,
P.; Herb No. PG-0335; Isolated by 3-step sterilization method; (ii) Fresh leaf of Cymbopogon
citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0462; Isolated by 3-step

sterilization method; (iii) Fresh leaf of Cymbopogon citratus; Mashem, Goa; 13.02.06; coll. by
Gawas, P.; Herb No. PG-0469; Isolated by 3-step sterilization method.

Acrostalagmus luteoalbus (Link) Zare, W. Gams & Schroers, 2004, Mycol. Res. 108(5):
581.

(Fig. 62)
Colonies effuse, off-white, having medium growth rate.

Mycelium partly

immersed, partly superficial, composed of branched, septate, hyaline, smooth, 2-2.5 gm
thick hyphae. Conidiophores macronematous, mononematous, unbranched, erect, straight
to flexuous, sub-hyaline, finely verruculose, 270-400 x 2-2.5 gm. Conidiogenous cells
monophialidic, verticillately arranged, discrete, determinate, terminal and intercalary,
hyaline, subulate, with long tapering necks, 14-24 x 1.5-2 gm; collarette absent. Conidia
glioid, simple, ellipsoidal, smooth, aseptate, sub-hyaline to pale brown, 3.5- 4.5 x 1.5-2.2
Rm.
Specimens examined: (i) Litter of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.;
Herb No. PG-0365; Isolated by moist chamber incubation method; (ii) Litter of Andrographis
paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0201; Isolated by moist
chamber incubation method; (iii) Litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0271; Isolated by moist chamber incubation method.

Alternaria alternata (Fr.) Keissl., 1912, Beih. Bot. Zbl., Abt. 1 29: 434.

(Fig. 63)

Colonies effuse, dark brown. Mycelium partly immersed, partly superficial,
olivaceous brown.

Conidiophores

semi-macronematous to macronematous,

mononematous, arising in groups, unbranched to branched, straight to flexuous, brown,
smooth, up to 70 gm long x 3-3.5 gm wide. Conidiogenous cells polytretic, integrated,
terminal becoming intercalary, sympodial, cicatrized, cylindrical, 5-10 x 3-4.2 gm.
Conidia catenate, in acropetal branched chains, dry, acrogenous, simple, obclavate„
verrucose at the base, smooth at the beak, euseptate with several transverse, longitudinal
and sometimes oblique thick-walled septa, only transverse in case of young conidia,
brown, 18-58 x 8-17 gm, with broadly pointed, pale brown, smooth-walled beak, 3.5-5
gm wide; few young conidia oval without a beak.
Specimens examined: (i) Bark of Justicia adhatoda; Colem, Goa; 17.10.05; coll. by Gawas, P.;
Herb No. PG-0333; Isolated by 3-step sterilization method; (ii) Fresh stem of Justicia adhatoda;
Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0355; Isolated by 3-step sterilization
method; (iii) Fresh leaf of Justicia adhatoda; Colem, Goa; 26.04.06; coll. by Gawas, P.; Herb No.
PG-0373; Isolated by leaf washing method; (iv) Fresh leaf of Justicia adhatoda; Mashem, Goa;
24.01.05; coll. by Gawas, P.; Herb No. PG-0378; Culture No. 4979; Isolated by leaf washing
method; (v) Litter of Justicia adhatoda; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No.
PG-0393; Isolated by particle plating method; (vi) Litter of Centella asiatica; Mashem, Goa;
28.12.04; coll. by Gawas, P.; Herb No. PG-0419; Isolated by moist chamber incubation method.
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Alternaria longissima Deighton & MacGarvie, 1968, Mycol. Pap. 113: 10.

(Fig. 64)

Colonies effuse, dark brown. Mycelium partly immersed, partly superficial,
brown. Conidiophores semi-macronematous to macronematous, mononematous, in
groups, branched, sometimes unbranched, straight to flexuous, brown, smooth, sometimes
slightly verruculose, up to 120 um long, 3-4.5 wide. Conidiogenous cells polytretic,
integrated, terminal becoming intercalary, sympodial, cicatrized, cylindrical.

Conidia

catenate, dry, simple, obclavate with along beak, smooth, with several transverse and a
few longitudinal and oblique septa, euseptate, with a narrow lumen, mid-brown, 42-160
um (total length), 11-13 um in the broadest region; beak up to 100 um long, 2-2.5 gm, 44.5 at the swollen apex; beak shorter or absent in young conidia.
Specimen examined: Litter of Cymbopogon citratus; Mashem, Goa; 13.02.06; coll. by Gawas, P.;
Herb No. PG-0485; Isolated by moist chamber incubation method.

Alternaria tenuissima (Kunze) Wiltshire, 1933, Trans. Br. mycol. Soc. 18: 157. (Fig. 65)
Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched septate, smooth, pale brown, 1.8-2 um thick hyphae. Conidiophores semimacronematous, mononematous, branched or unbranched, pale to mid-brown, smooth, up
to 100 um long x 4-6 um wide. Conidiogenous cells polytretic, integrated, terminal
becoming intercalary, sympodial, cicatrized, cylindrical, with thick conidial scars, up to
20 um long x 2.5-3 um wide. Conidia catenate, in acropetal, branched chains, dry,
simple, obclavate, smooth, euseptate with several transverse, longitudinal and oblique
thick-walled septa, sometimes only transverse septa present, narrow lumen, mid-brown,
18-65 um long x 8-18 um wide at the broadest region with a broadly pointed elongated
pale brown beak to which other conidia are attached, young spores without beak; beak
sometimes geniculate, swollen at the apex, up to 27 um long x 4-4.5 um thick at apex; a
the point of branching of the chain, the linking conidia ahs two beaks, one apical and the
other lateral.
Specimens examined: (i) Fresh leaf of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0015; Isolated by 3-step sterilization method; (ii) Litter of Achyranthes
aspera; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0055; Isolated by particle plating
method; (iii) Litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No.
PG-0309; Isolated by particle plating method; (iv) Fresh leaf of Hemidesmus indicus; Mashem,
Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0720; Isolated by 3-step sterilization method; (v)
Fresh stem of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG0725; Isolated by 3-step sterilization method; (vi) Litter of Hemidesmus indicus; Colem, Goa;
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18.02.05; coll. by Gawas, P.; Herb No. PG-0729; Isolated by moist chamber incubation method;
(vii) Litter of Hemidesmus indicus; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG0758; Isolated by particle plating method; (viii) Litter of Andrographis paniculata; Colem, Goa;
01.05.06; coll. by Gawas, P.; Herb No. PG-0200; Isolated by moist chamber incubation method;
(ix) Fresh leaf of Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No.
PG-0208; Isolated by leaf washing method; (x) Litter of Andrographis paniculata; Colem, Goa;
18.02.05; coll. by Gawas, P.; Herb No. PG-0210; Isolated by particle plating method; (xi) Bark of
Alstonia scholaris; Colem, Goa;11.01.05; coll. by Gawas, P.; Herb No. PG-0229; Isolated by 3step sterilization method; (xii) Fresh stem of Alstonia scholaris; Colem, Goa; 17.07.04; coll. by
Gawas, P.; Herb No. PG-0236; Isolated by 3-step sterilization method; (xiii) Fresh leaf of
Alstonia scholaris; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0245; Isolated by 3step sterilization method; (xiv) Litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0275; Isolated by moist chamber incubation method; (xv) Litter of
Alstonia scholaris; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0296; Isolated by
particle plating method; (xvi) Fresh stem of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by
Gawas, P.; Herb No. PG-0339; Isolated by 3-step sterilization method; (xvii) Litter of Justicia
adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0386; Culture No. GUFCC
4991; Isolated by particle plating method; (xviii) Bark of Emblica officinalis; Colem, Goa;
07.05.06; coll. by Gawas, P.; Herb No. PG-0511; Isolated by 3-step sterilization method; (xix)
Fresh leaf of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0533;
Isolated by 3-step sterilization method; (xx) Bark of Emblica officinalis; Mashem, Goa; 24.10.04;
coll. by Gawas, P.; Herb No. PG-0539; Culture No. GUFCC 4967; Isolated by 3-step sterilization
method; (xxi) Litter of Emblica officinalis; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No.
PG-0569; Isolated by particle plating method; (xxii) Fresh stem of Ocimum tenuiflorum; Colem,
Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0768; Isolated by 3-step sterilization method;
(xxiii) Fresh leaf of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No.
PG-0786; Isolated by 3-step sterilization method; (xxiv) Fresh leaf of Ocimum tenuiflorum;
Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0790; Isolated by 3-step sterilization
method; (xxv) Litter of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb
No. PG-0810; Isolated by moist chamber incubation method; (xxvi) Fresh leaf of Ocimum
tenuiflorum; Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb No. PG-0819; Isolated by leaf
washing method; (xxvii) Litter of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas,
P.; Herb No. PG-0824; Isolated by particle plating method; (xxviii) Leaf litter of Emblica
officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-1148; Isolated by particle
plating method.

Alysidium resinae (Fr.) M.B. Ellis, 1971, Dematiaceous Hyphomycetes (Kew): 90.
(Fig. 66)

Colonies effuse, brown. Mycelium partly superficial, partly immersed composed
of branched, hyaline, smooth, 1.5-2 1.1m thick hyphae. Conidiophores micronematous to
semi-macronematous, mononematous, pale brown, smooth, rarely branched, sometimes
with short branches. Conidiogenous cells monoblastic, integrated, terminal, determinate,
cylindrical, 10-15 x

Conidia dry, catenate, acrogenous, simple, ellipsoidal (14-

16 x 10 11 1.1m), spherical (7-7.5 1.1m), oval (10-12 x 8-8.5 1.1m), limoniform (7-7.5 x 6-6.5
-

1.1m), smooth, 0-1 septate, euseptate, pale to dark brown.
Specimens examined: (i) Fresh leaf of Cymbopogon citratus; Colem, Goa; 17.07.04; coll. by
Gawas, P.; Herb No. PG- 0450; Isolated by 3-step sterilization method; (ii) Bark of Emblica
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Fig. 57: Acremonium byssoides
Fig. 58: Acremonium curvulum
Fig. 59: Acremonium strictum
Fig. 60: Acremonium sp.1
Fig. 61: Acremonium sp. 2
Fig. 62: Acrostalagmus luteoalbus
Fig. 63: Alternaria alternata
Fig. 64: Alternaria longissima
Fig. 65: Alternaria tenuissima
Fig. 66: Alysidium resinae
Fig. 67: Ardhachandra cristaspora
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officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0505; Culture No. GUFCC
4960; Isolated by 3-step sterilization method; (iii) Fresh leaf of Ocimum tenuiflorum; Colem, Goa;
04.10.04; coll. by Gawas, P.; Herb No. PG-0770; Isolated by 3-step sterilization method; (iv)
Bark of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-1000;
Culture No. 4977; Isolated by 3-step sterilization method.

Ardhachandra cristaspora (Matsush.) Subram. & Sudha, 1978, Can. .1. Bot. 56: 731.

(Fig. 67)
Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, septate, pale brown, smooth, sometimes verrucose, 2-2.5 gm thick hyphae.
Conidiophores semi-macronematous, mononematous, unbranched, straight to flexuous,
pale brown, smooth, up to 40 gm long, 2.8-3.2 gm wide. Conidiogenous cells polyblastic,
integrated, terminal, sometimes becoming intercalary, denticulate, more or less
cylindrical, pale brown, 3-15 x 2.8-3.2 gm. Conidia solitary, dry, acropleurogenous,
simple, fiisiform, straight, verrucose, 2-euseptate, brown, 10-18 x 4-6 gm.
Specimen examined: Bark of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb
No. PG-0615; Culture No. GUFCC 4975; Isolated by 3-step sterilization method.

Arthrinium sacchari (Speg.) M.B. Ellis, 1965, Mycol. Pap. 103: 11.

(Fig. 68)

Colonies effuse, slow growing, dark brown. Mycelium immersed. Conidiophores
macronematous, mononematous, basauxic, arising from ampulliform Conidiophores
mother cell, narrow, hyaline, unbranched, straight to flexuous, 28-40 x 1-1.5 gm.
Conidiophore mother cell obclavate, 6-7.5 gm long. Conidiogenous cell polyblastic,
integrated, indeterminate, terminal and intercalary, cylindrical. Conidia solitary, dry,
simple, polygonal to rounded, smooth, aseptate, dark brown, dorsiventrally flattened, 5.57.5 x 2.5-3.5 gm.
Specimen examined: Fresh leaf of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.;
Herb No. PG-0376; Isolated by leaf washing method.

Arthrographis cuboidea (Sacc. & Ellis) Sigler, in Sigler & Carmichael, 1976, Mycotaxon

(Fig. 69)

4: 363.
Colonies

effuse, olivaceous brown.

Conidiophores

micronematous.

Conidiogenous cells, thallic. Conidia catenate, in branched chains, dry, simple,
cylindrical, septate, sub-hyaline to pale brown, 2.5-3.5 x 1.5-1.8 gm.
Specimen examined: Fresh root of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas,
P.; Herb No. PG-0762; Isolated by 3-step sterilization method.
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Aspergillus awamori

Nakaz., 1915, Report of the Department of Agriculture,

Government Research Institute of Formosa 4.

(Fig. 70)

Colonies effuse, pale brown, showing medium growth rate. Mycelium partly
immersed, partly superficial, composed of branched, septate, smooth, 2-2.5 pm thick •
hyphae.

Conidiophores macronematous, mononematous, unbranched, straight to

flexuous, sub-hyaline to pale brown, smooth, aseptate, 1.6 to 2 mm x 8-12 pm wide at the
centre, widening towards the apex to form a vesicle. Vesicle globose to sub-globose, 5058 pm in diam., sub-hyaline, compactly covered with metulae. Metulae pale brown,
clavate to cylindrical, 10-15 x 4.5-5 pm wide. Conidiogenous cells monophialidic,
discrete, determinate, terminal, borne in groups on the metulae, 8-10 x 3-3.5 pm. Conidial
heads biseriate, pale brown to brown, radiating. Conidia catenate, dry, semi-endogenous,
simple, globose to limoniform, verruculose, aseptate, pale brown, 4-4.5 pm in diam.
Specimens examined: (i) Litter of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.;
Herb No. PG-0366; Isolated by moist chamber incubation method; (ii) Litter of Semecarpus
anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0967; Isolated by moist
chamber incubation method; (iii) Litter of Semecarpus anacardium; Colem, Goa; 07.05.06; coll.
by Gawas, P.; Herb No. PG-0980; Isolated by particle plating method.

Aspergillus cervinus Massee, 1914, Bull. Misc. Inf., Kew (4): 158.

(Fig. 71)

Colonies effuse, pale brown to buff colour. Mycelium partly immersed, partly
superficial, composed of branched, septate, hyaline to pale brown, smooth, 2-2.5 pm
thick hyphae. Conidiophores macronematous, mononematous, unbranched, straight to
flexuous, sub-hyaline, smooth, aseptate, up to 270 pm long x 6.5-7.5 pm ending in a
vesicle. Vesicle 28-33 pm in diam., globose, sub-hyaline, completely covered with
conidiogenous cells. Metulae absent. Conidiogenous cells monophialidic, discrete,
determinate, terminal, borne on vesicle, 5-6 x 2.4-2.8 gm. Conidial heads uniseriate,
yellow to pale brown, radiating. Conidia catenate, dry, acrogenous, simple, globose to
limoniform, smooth, aseptate, sub-hyaline to pale yellow, 2.5-3 pm in diam.
Specimen examined: Fresh leaf of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by Gawas,
P.; Herb No. PG-0290; Isolated by leaf washing method.

Aspergillus flavipes (Bainier & R. Sartory) Thom & Church, 1926,, Manual of the

(Fig. 72)

Aspergilli: 179.
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Colonies effuse, brown. Mycelium partly immersed partly superficial, composed
of branched, septate, hyaline to pale brown, smooth, 1.5-2 pm thick hyphae.
Conidiophores macronematous, mononematous, unbranched, straight to flexuous, hyaline
to sub-hyaline, minutely verruculose, aseptate, 800-1500 pm long, ending in a vesicle.
Vesicle globose, hyaline, compactly covered with metulae, 40-45 pm in diam. Metulae
cylindrical to clavate, hyaline, 7-13 pm long, 4-4.5 pm wide in the broadest region.
Conidiogenous cells monophialidic, discrete, determinate, terminal arising in groups from
the metulae, 7.5-9.5 pm long. Conidial heads biseriate, columnar, off-white to pale buff
Conidia catenate dry, acrogenous, simple, globose to limoniform, smooth, aseptate,
hyaline to sub-hyaline, 2-3 pm in diam.
Specimens examined: (i) Fresh stem of Andrographis paniculata; Colem, Goa; 17.10.05; coll. by
Gawas, P.; Herb No. PG-0169; Isolated by 3-step sterilization method; (ii) Fresh leaf of
Andrographis paniculata; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0188;
Isolated by 3-step sterilization method; (iii) Fresh root of Centella asiatica; Colem, Goa;
24.01.05; coll. by Gawas, P.; Herb No. PG-00406; Isolated by 3-step sterilization method; (iv)
Fresh leaf of Centella asiatica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0425;
Isolated by leaf washing method; (v) Fresh leaf of Garcinia indica; Colem, Goa; 26.10.05; coll.
by Gawas, P.; Herb No. PG-0651; Isolated by leaf washing method; (vi) Fresh root of Ocimum
tenuiflorum; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-0765; Isolated by 3-step
sterilization method; (vii) Fresh leaf of Ocimum tenuiflorum; Mashem, Goa; 17.05.05; coll. by
Gawas, P.; Herb No. PG-0791; Isolated by 3-step sterilization method; (viii) Fresh leaf of
Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0815; Isolated by
leaf washing method; (ix) Fresh leaf of Ocimum tenuiflorum; Mashem, Goa; 13.02.06; coll. by
Gawas, P.; Herb No. PG-0822; Isolated by leaf washing method; (x) Fresh leaf of Syzygium
cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0986; Isolated by 3-step
sterilization method; (xi) Bark of Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas,
P.; Herb No. PG-1106; Isolated by 3-step sterilization method.

Aspergillus fumigatus Fresen., 1863, Beitr. Mykol.: 81.

(Fig. 73)

Colonies effuse, brown, showing medium growth. Mycelium partly immersed,
partly superficial, composed of branched, septate, smooth, 1.5-2 µm diam. Conidiophores
macronematous, mononematous, unbranched, straight to flexuous, pale to olivaceous
brown, aseptate, smooth, up to 280 pm long, 8-19 pm wide, apical region widening to
form a vesicle. Vesicle sub-globose, pale brown, upper half covered with conidiogenous
cells 12-25 pm. Metulae absent. Conidiogenous cells monophialidic, discrete,
determinate, terminal, arising in groups from the vesicle, 5.5-8.5 x 2-3.5 pm, lageniform,
arising from vesicle, covering the entire vesicle. Conidial heads uniseriate, columnar,
yellow to olivaceous brown. Conidia catenate, in unbranched, basipetal chains, dry,
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simple, aseptate, globose, finely verrucose, yellow to olivaceous brown, appearing pale
green in mass, 2.5-3.5 gm in diam.
Specimens examined: (i) Fresh root of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0010; Isolated by 3-step sterilization method; (ii) Litter of Achyranthes
aspera; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0045; Isolated by moist chamber
incubation method; (iii) Fresh leaf of Achyranthes aspera; Mashem, Goa; 21.05.05; coll. by
Gawas, P.; Herb No. PG-0052; Isolated by leaf washing method; (iv) Litter of Achyranthes
aspera; Colem, Goa; 17.10.05; coll. by Gawas, P.; Herb No. PG-0056; Isolated by particle plating
method; (v) Litter of Achyranthes aspera; Mashem, Goa; 21.05.05; coll. by Gawas, P.; Herb No.
PG-0059; Isolated by particle plating method; (vi) Bark of Aegle marmelos; Colem, Goa;
22.12.05; coll. by Gawas, P.; Herb No. PG-0068; Isolated by 3-step sterilization method; (vii)
Bark of Aegle marmelos; Mashem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0098;
Isolated by 3-step sterilization method; (viii) Litter of Aegle marmelos; Colem, Goa; 18.02.05;
coll. by Gawas, P.; Herb No. PG-0108; Isolated by moist chamber incubation method; (ix) Fresh
leaf of Aegle marmelos; Colem, Goa; 22.12.05; coll. by Gawas, P.; Herb No. PG-0120; Isolated
by leaf washing method; (x) Fresh stem of Justicia adhatoda; Mashem, Goa; 13.02.06; coll. by
Gawas, P.; Herb No. PG-0345; Isolated by 3-step sterilization method; (xi) Bark of Emblica
officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0507; Isolated by 3-step
sterilization method; (xii) Litter of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by Gawas,
P.; Herb No. PG-0571; Isolated by particle plating method; (xiii) Fresh root of Hemidesmus
indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0680; Isolated by 3-step
sterilization method; (xiv) Bark of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.;
Herb No. PG-1001; Isolated by 3-step sterilization method; (xv) Fresh stem of Syzygium cumini;
Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-1009; Isolated by 3-step sterilization
method; (xvi) Litter of Syzygium cumini; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG1019; Isolated by moist chamber incubation method; (xvii) Fresh leaf of Syzygium cumini; Colem,
Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-1033; Isolated by leaf washing method; (xviii)
Fresh leaf of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-1036;
Isolated by leaf washing method; (xix) Litter of Syzygium cumini; Colem, Goa; 13.03.05; coll. by
Gawas, P.; Herb No. PG-1041; Isolated by particle plating method; (xx) Fresh leaf of Strychnos
nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-1064; Isolated by 3-step
sterilization method; (xxi) Fresh stem of Strychnos nux-vomica; Colem, Goa; 01.05.06; coll. by
Gawas, P.; Herb No. PG-1077; Isolated by 3-step sterilization method.; (xxii) Bark of Strychnos
nux-vomica; Mashem, Goa; 25.02.05; coll. by Gawas, P.; Herb No. PG-1108; Isolated by 3-step
sterilization method; (xxiii) Fresh leaf of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by
Gawas, P.; Herb No. PG-1126; Isolated by leaf washing method; (xxiv) Fresh leaf of Strychnos
nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1131; Isolated by leaf
washing method; (xxv)Leaf litter of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-1145; Isolated by particle plating method.

Aspergillus glaucus (L.) Link, 1809, Magazin Ges. naturf: Freunde, Berlin 3(1-2): 82.
(Fig. 74)

Colonies effuse, grayish green, showing medium growth rate. Mycelium partly
immersed, partly superficial, composed of branched, septate, smooth, 2-2.5 gm thick
hyphae.

Conidiophores macronematous, mononematous, unbranched, straight to

flexuous, hyaline to pale gray, smooth, aseptate, up to 780 long, widening towards the
apex to form a vesicle. Vesicle spherical to sub-spherical, 18-32 gm in diam., hyaline,
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covered with conidiogenous cells. Metulae absent. Conidiogenous cells monophialidic,
discrete, determinate, terminal, borne on the vesicle, 5-8 x 3-3.5 vim. Conidial heads
uniseriate, pale greenish brown, radiating. Conidia catenate, dry, semi-endogenous,
simple, globose to limoniform, minutely verruculose, aseptate, sub-hyaline to pale
greenish brown, 4-6 vim in diam.
Specimens examined: (i) Litter of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.;
Herb No. PG-0666; Isolated by particle plating method; (ii) Fresh leaf of Piper betle; Colem,
Goa; 12.03.05; coll. by Gawas, P.; Herb No. PG-0892; Culture No. GUFCC 4984; Isolated by leaf
washing method; (iii) Fresh leaf of Piper betle; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb
No. PG-0914; Isolated by leaf washing technique.

Aspergillus japonieus Saito, 1906, Bot. Mag., Tokyo 20: 61.

(Fig. 75)

Colonies effuse, off-white to pale brown. Mycelium partly immersed, partly
superficial; composed of branched, septate, hyaline, smooth, 3-4 vim thick hyphae.
Conidiophores macronematous, mononematous, unbranched, straight to flexuous, subhyaline to pale brown, smooth, aseptate, up to 120-190 i.tm long, 8-8.5 pm wide in the
centre widening towards the apex to form a vesicle. Vesicle globose to sub-globose,
hyaline, 30-35 pm in diam., completely covered with conidiogenous cells. Metulae
absent. Conidiogenous cells monophialidic, discrete, determinate, terminal, arising from
the vesicle, 4.5-5.5 x 1.5-2 pm. Conidial heads uniseriate, radiating, off-white to pale
yellow. Conidia catenate, in unbranched basipetal chains, dry, simple, globose,
verruculose, aseptate, sub-hyaline to pale yellow, 2.5-3.5 pm in diam.
Specimens examined: (i) Fresh root of Achyranthes aspera; Colem, Goa; 15.05.05; coll. by
Gawas, P.; Herb No. PG-0011; Isolated by 3-step sterilization method; (ii) Fresh leaf of Centella
asiatica; Colem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0407; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by
Gawas, P.; Herb No. PG-0564; Isolated by leaf washing method.

Aspergillus nidulans (Eidam) G. Winter, in Rabenhorst, 1884, Rabenh. Krypt. Fl.
-

(Fig. 76)

(Leipzig) 1(2): 62.

Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, septate, smooth, 2-2.5 i.tm thick hyphae. Conidiophores macronematous,
mononematous, unbranched, straight to flexuous, sub-hyaline to pale brown, smooth,
aseptate, up to 180 pm long, 5-6 pm wide. Vesicle globose to sub-globose, sub-hyaline,
11-15 pm in diam., upper half covered with metulae. Metulae clavate, pale brown, 6-8 x
1-1.5

Conidiogenous cells monophialidic, discrete, determinate, terminal, arising
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from the metulae, 8-10 x 1-1.5 tm. Conidial heads biseriate, radiating, pale brown.
Conidia catenate, in unbranched basipetal chains, dry, simple, globose, sparsely
verruculose, aseptate, hyaline to sub-hyaline, pale green in mass, 3-3.5 tm in diam.
Specimens examined: (i) Fresh root of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0009; Isolated by 3-step sterilization method; (ii) Fresh root of Ocimum
tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0761; Isolated by 3-step
sterilization method; (iii) Litter of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas,
P.; Herb No. PG-0825; Isolated by particle plating method; (iv) Litter of Ocimum tenuiflorum;
Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0831; Isolated by particle plating
method.

Aspergillus niger Tiegh., 1867, Annls Sci. Nat., Bot., ser. 5 8: 240; var. niger

(Fig. 77)

Colonies effuse, off-white to turning balc on sporulation, slow growing. Mycelium
partly immersed, partly superficial, composed of branched, septate, hyaline, smooth, 2.53.5 tm thick hyphae. Conidiophores macronematous, mononematous, unbranched,
straight to flexuous, sub-hyaline, brown towards the apex, smooth, aseptate, 800 tm to 2
mm long, 14-18 tm wide in the centre widening towards the apex to form a vesicle.
Vesicle spherical to sub-spherical, hyaline to pale brown, 45-80 tm in diam., completely
covered with metulae. Metulae pale brown, cylindrical to clavate, 16-28 x 5-6 tm.
Conidiogenous cells monophialidic, discrete, determinate, terminal, arsing in groups from
the apex of metulae, 7-11 x 3-3.5 tm. Conidial heads biseriate, radiating, black. Conidia
catenate, in unbranched basipetal chains, dry, simple, sub-spherical, verrucose, aseptate,
dark brown, 3.5-4.5 gm in diam.
Specimens examined: (i) Bark of Aegle marmelos; Colem, Goa; 01.05.06; coll. by Gawas, P.;
Herb No. PG-0069; Isolated by 3-step sterilization method; (ii) Bark of Aegle marmelos;
Mashem, Goa; 28.12.05; coll. by Gawas, P.; Herb No. PG-0097; Isolated by 3-step sterilization
method; (iii) Fresh leaf of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.; Herb No.
PG-0121; Isolated by leaf washing method; (iv) Bark of Alstonia scholaris; Mashem, Goa;
18.01.05; coll. by Gawas, P.; Herb No. PG-0255; Isolated by 3-step sterilization method; (v)
Fresh leaf of Justicia adhatoda; Colem, Goa;21.05.05; coll. by Gawas, P.; Herb No. PG-0311;
Isolated by 3-step sterilization method; (vi) Fresh leaf of Justicia adhatoda; Mashem, Goa;
13.02.06; coll. by Gawas, P.; Herb No. PG-0352; Isolated by 3-step sterilization method; (vii)
Litter of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG-0382;
Isolated by particle plating method; (viii) Litter of Justicia adhatoda; Mashem, Goa; 17.05.05;
coll. by Gawas, P.; Herb No. PG-0391; Isolated by particle plating method; (ix) Litter of Garcinia
indica; Mashem, Goa; 26.04.05; coll. by Gawas, P.; Herb No. PG-0638; Isolated by moist
chamber incubation method; (x) Litter of Garcinia indica; Mashem, Goa; 26.04.05; coll. by
Gawas, P.; Herb No. PG-0670; Isolated by particle plating method; (xi) Fresh leaf of Hemidesmus
indicus; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-0751; Isolated by leaf washing
method; (xii) Fresh root of Ocimum tenuiflorum; Colem, Goa; 01.10.05; coll. by Gawas, P.; Herb
No. PG-0776; Isolated by 3-step sterilization method; (xiii) Fresh stem of Ocimum tenuiflorum;
Colem, Goa; 04.10.04; coll. by Gawas, P.; Herb No. PG-0777; Isolated by 3-step sterilization
method; (xiv) Fresh leaf of Piper belle; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-
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0863; Isolated by 3-step sterilization method; (xv) Fresh stem of Piper betle; Mashem, Goa;
17.05.05; coll. by Gawas, P.; Herb No. PG-0881; Isolated by 3-step sterilization method; (xvi)
Litter of Piper betle; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0887; Isolated by
moist chamber incubation method; (xvii) Litter of Piper betle; Mashem, Goa; 13.02.06; coll. by
Gawas, P.; Herb No. PG-0918; Isolated by particle plating method; (xviii) Litter of Syzygium
cumini; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-1046; Isolated by particle plating
method.

Aspergillus penicillioides Speg., 1896, Revta Fac. Agron. Vet. Univ. nac. La Plata: 245.
(Fig. 78)

Colonies effuse, bright yellow, showing medium growth. Mycelium partly
immersed, partly superficial, composed of branched, septate, smooth, 2-2.5 pm thick
hyphae.

Conidiophores macronematous, mononematous, unbranched, straight to

flexuous, pale brown, smooth, aseptate, 40-120 gm x 4-4.5 gm wide at the centre,
widening towards the apex to form a vesicle. Vesicle globose to sub-globose, 8-10 gm in
diam., sub- hyaline, compactly covered with conidiogenous cells. Metulae absent.
Conidiogenous cells monophialidic, discrete, determinate, terminal, borne on the vesicle,
6-8 x 2.5-3 gm. Conidial heads uniseriate, bright yellow to bright brown, radiating.
Conidia catenate, dry, semi-endogenous, simple, globose, finely verruculose, aseptate,
hyaline to pale yellow, 3-4 pm in diam.
Specimens examined: (i) Fresh leaf of Justicia adhatoda; Colem, Goa; 26.04.06; coll. by Gawas,
P.; Herb No. PG-0316; Isolated by 3-step sterilization method; (ii) Litter of Justicia adhatoda;
Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG-0358; Isolated by moist chamber
incubation method; (iii) Bark of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.;
Herb No. PG-0508; Isolated by 3-step sterilization method; (iv) Fresh leaf of Emblica officinalis;
Colem, Goa; 17.07.04; coll. by Gawas, P.; Herb No. PG-0522; Isolated by 3-step sterilization
method; (v) Fresh leaf of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No.
PG-0525; Isolated by 3-step sterilization method; (vi) Bark of Garcinia indica; Colem, Goa;
15.05.05; coll. by Gawas, P.; Herb No. PG-0583; Isolated by 3-step sterilization method; (vii)
Fresh leaf of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0652;
Isolated by leaf washing method; (viii) Litter of Garcinia indica; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0665; Isolated by particle plating method; (ix) Fresh leaf of Garcinia
indica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0643; Isolated by leaf washing
method; (x) Fresh stem of Ocimum tenuiflorum; Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb
No. PG-0787; Isolated by 3-step sterilization method; (xi) Bark of Semecarpus anacardium;
Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb No. PG-0929; Isolated by 3-step sterilization
method; (xii) Fresh leaf of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.;
Herb No. PG-0974; Isolated by leaf washing method; (xiii) Litter of Semecarpus anacardium;
Colem, Goa; 11.04.05; coll. by Gawas, P.; Herb No. PG-0979; Isolated by particle plating
method; (xiv) Fresh stem of Semecarpus anacardium; Colem, Goa; 11.04.05; coll. by Gawas, P.;
Herb No. PG-0938; Isolated by 3-step sterilization method; (xv) Fresh stem of Strychnos nuxvomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1116; Isolated by 3-step
sterilization method; (xvi) Litter of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas,
P.; Herb No. PG-1137; Isolated by particle plating method; (xvii) Litter of Strychnos nux-vomica;
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Colem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1141; Isolated by particle plating
method.

Aspergillus sclerotiorum G.A. Huber, 1933, Phytopathology 23: 306.

(Fig. 79)

Colonies effuse, off-white, turning pale yellow at sporulation. Mycelium partly
immersed, partly superficial, composed of branched, septate, hyaline, 2-3 1.1.M thick
hyphae. Conidiophores macronematous, mononematous, unbranched, aseptate, straight to
flexuous, hyaline to very pale yellow, verrucose, 340-420 1-1,M x 8-9.5 1.1.M wide, ending in
vesicle. Vesicle globose to sub-globose, hyaline to sub-hyaline, 21-33 1.1.M diam.,
completely covered with metulae. Metulae hyaline to sub-hyaline, cylindrical to clavate,
6.5-11 x 1.5-2 1-1,M, lost at maturity leaving pores on the vesicle. Conidiogenous cells
monophialidic, discrete, arising in groups of 4 from metulae, cylindrical, 6.5-11 x 3.2-3.8
1-1,M,

with a narrow opening. Conidial heads biseriate, radiating off-white. Conidia

catenate in unbranched basipetal chains, globose to limoniform, dry, simple, aseptate,
smooth, hyaline, 2.4-2.6p,m in diam.
Specimen examined: Litter of Aegle marmelos; Mashem, Goa; 18.02.05; coll. by Gawas, P.; Herb
No. PG-0135; Isolated by particle plating method.

Aspergillus unguis (Weill & L. Gaudin) Thom & Raper, 1934, Medical Mycol.: 637.
(Fig. 80)
Colonies effuse, off-white turning brownish green during sporulation, having
medium growth. Mycelium partly immersed, partly superficial, composed of branched,
septate, smooth, 2-2.5 1.1.M thick hyphae. Thick-walled, verrucose, seta-like sterile hyphae
arising form the foot cell. Conidiophores aseptate, yellow to pale brown, smooth, straight
to flexuous, up to 180 1.1.M long, 4-4.5 .tm wide ending in vesicle. Vesicle globose, 9-11
1.1.M

in diam., bearing the metulae. Metulae pale brown, covering the upper half of the

vesicle, pale yellow, clavate, 5-7.5 x 2.2-2.8, lost a maturity leaving pores on the vesicle.
Conidiogenous cells monophialidic, discrete, determinate, terminal, arising in groups of
2-4 from the apex of the metulae, lageniform with narrow collarette, 7.5-8.5 x 2.4-2.6 1-1,M.
Conidial heads biseriate, radiating, bright yellow. Conidia globose, catenate, dry, simple,
aseptate, smooth, pale yellow, 3.3-4.2 .tm in diam.
Specimen examined: Fresh leaf of Achyranthes aspera; Mashem, Goa; 13.02.06; coll. by Gawas,
P.; Herb No. PG 0040; Isolated by 3-step sterilization method.
-
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Aspergillus ustus (Bainier) Thom & Church, 1926, The Aspergilli: 152.

(Fig. 81)

Colonies effuse, pale green to brown. Mycelium partly immersed, partly
superficial, composed of branched, septate, smooth, 2-2.5 gm thick hyphae.
Conidiophores macronematous, mononematous, unbranched, straight to flexuous, pale
brown to hyaline, smooth, aseptate, up to 400 gm long x 2.5-3 gm wide, ending towards
the apex in a vesicle. Vesicle broadly clavate to spherical, pale brown, compactly covered
with metulae in the upper half. Metulae broadly clavate, pale brown, 5-6 x 4-4.5 lam.
Conidiogenous cells monophialidic, discrete, determinate, terminal, arising from the
metulae, 5-6 x 2-2.5 gm. Conidial heads biseriate, radiating, pale green to olivaceous
brown. Conidia catenate, dry, acrogenous, simple, globose, echinulate, aseptate, subhyaline to hyaline, 3-3.5 gm in diam.
Specimens examined: (i) Fresh leaf of Andrographis paniculata; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0139; Isolated by 3-step sterilization method; (ii) Fresh stem of
Andrographis paniculata; Colem, Goa; 17.10.05; coll. by Gawas, P.; Herb No. PG-0170; Culture
No. GUFCC 5418; Isolated by 3-step sterilization method; (iii) Litter of Andrographis paniculata;
Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0207; Isolated by particle plating
method; (iv) Fresh leaf of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No.
PG-0595; Isolated by 3-step sterilization method.

Aspergillus versicolor (Vuill.) Tirab., 1908, Annali Bot., Roma 7: 9.

(Fig. 82)

Colonies effuse yellow to brown. Mycelium partly superficial, partly immersed,
composed of branched, septate, smooth, 3-3.8 gm thick hyphae.

Conidiophores

macronematous, mononematous, unbranched, straight to flexuous, hyaline, smooth,
aseptate, 320-410 x 8.4-10.5 gm. x 12-15 gm wide at the centre, widening towards the
apex to form a vesicle. Vesicle globose to sub-globose, 30-42 gm in diam., sub- hyaline,
covered with metulae. Metulae brown, clavate to cylindrical, 26-48 x 6-7 gm wide.
Conidiogenous cells monophialidic, discrete, determinate, terminal, borne in groups on
the metulae, brown, 5.5-8.5 x 3.2-4.2 gm. Conidial heads biseriate, brown, radiating.
Conidia catenate, dry, simple, spherical, verrucose, aseptate, dark brown to buff coloured,
3.2-4.5 gm in diam.
Specimens examined: (i) Litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.;
Herb No. PG-0305; Isolated by particle plating method; (ii) Litter of Centella asiatica; Colem,
Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0432; Isolated by particle plating method.

Aspergillus wentii Wehmer, 1896, Zentbl. Bakt. ParasitKde, Abt. II 2: 150.

(Fig. 83)

Colonies effuse, off-white, turning brown at sporulation. Mycelium partly
immersed, partly superficial, composed of branched, septate, pale brown, 2.8-3.3 gm
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thick hyphae. Conidiophores macronematous, mononematous, unbranched, aseptate,
straight to flexuous, hyaline , smooth, 440-530 gm long, 10-12 gm wide, ending in
vesicle. Vesicle globose to sub-globose, pale brown, 42-55 gm diam., completely covered
with metulae. Metulae dark brown, clavate, 16-22 x 4.-4.5 gm wide. Conidiogenous cells
monophialidic determinate, terminal, borne in groups on the metulae, 7.5-8.5 x 2.5-3 gm.
Conidial heads biseriate, radiating dark brown. Conidia catenate in unbranched basipetal
chains, globose, minutely verruculose, aseptate, dark brown, 3.5-4.5 gm in diam.
Specimens examined: (i) Bark of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas,
P.; Herb No. PG-1060; Isolated by 3-step sterilization method; (ii) Fresh leaf of Strychnos nuxvomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-1099; Isolated by 3-step
sterilization method; (iii) Bark of Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas,
P.; Herb No. PG-1105; Isolated by 3-step sterilization method.

Basipetospora chlamydospora Matsush., 1975, Icon. microfung. Matsush. lect. (Kobe):

(Fig. 84)

13.

Mycelium partly immersed, partly superficial, composed of branched, septate, pale
brown, 2-2.4 gm thick hyphae. Conidiophores micronematous to semi-macronematous,
mononematous, flexuous, branched sub-hyaline to pale brown, smooth. Conidiogenous
cells thallic, integrated, terminal and intercalary, cylindrical, sub-hyaline.

Conidia

catenate, in branched, basipetal chains, chlamydosporous, dry, simple, semi-spherical to
spherical, often with a protuberant truncate base, smooth, aseptate, pale brown, 8.4-12 gm
long sometimes extending up to 20 gm, 6.3-9.5 gm in broadest region, 2.2.4 gm broad at
the base, sometimes with a protuberant stalk also at the apex.
Specimen examined: Fresh root of Hemidesmus indicus; Mashem, Goa; 13.02.05; coll. by Gawas,
P.; Herb No. PG-0716; Isolated by 3-step sterilization method.

(Fig. 85)

Beltrania sp.

Colonies effuse, brown to gray, slow growing. Mycelium immersed. Setae present,
unbranched, straight with acute tip, dark brown to black, smooth, thick-walled, arising
form flattened basal cell, 180-300 gm long, 8-8.5 gm wide at the base. Conidiophores
macronematous, mononematous, arising in fascicles from the base of the setae, branched,
sub-hyaline, smooth, 36-42 gm long.

Conidiogenous cells polyblastic, discrete,

determinate, denticulate, terminal, clavate to cylindrical, sub-hyaline, 7.5-9.5 x 2.6-3 gm.
Conidia solitary, dry, simple, acropleurogenous, bionic, smooth, aseptate, sub-hyaline 21-
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Fig. 68: Arthrinium sacchari
Fig. 69: Arthrographis cuboidea
Fig. 70: Aspergillus awamori
Fig. 71: Aspergillus cervinus
Fig..72: Aspergillus flavipes
Fig. 73: Aspergillus fumigatus
Fig. 74: Aspergillus glaucus
Fig. 75: Aspergillus japonicus
Fig. 76: Aspergillus nidulans
Fig. 77: Aspergillus niger
Fig. 78: Aspergillus penicillioides
Fig. 79: Aspergillus sclerotiorum
Fig. 80: Aspergillus unguis
Fig. 81: Aspergillus ustus
Fig. 82: Aspergillus versicolor
Fig. 83: Aspergillus wentii
Fig. 84: Basipetospora chlamydospora
Fig. 85: Beltrania sp.
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26 long (including the appendage), 5-6 um wide in the broadest region, with a single
unbranched, conical apex, with no transverse band, basal end rounded.
Specimen examined: Fresh leaf of Semecarpus anacardium; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0949; Isolated by 3-step sterilization method.

Behraniella portoricensis (F. Stevens) Piroz. & S.D. Patil, 1970, Can. J. Bot. 48(3): 575.
(Fig. 86)

Colonies

pale brown.

Mycelium

immersed. Stroma present,

pseudoparenchymatous. Setae present, unbranched, straight, acuminate towards the tip,
dark brown, echinulate, thick-walled, 130-420 x 4.2-7 um at the base. Conidiophores
semi-macronematous to macronematous, mononematous, usually branched, sometimes
unbranched, straight to flexuous, sub-hyaline, smooth, arising form the basal cell of the
setae, 14-36 um long. Conidiogenous cells polyblastic, terminal and intercalary,
integrated when terminal, discrete when intercalary, denticulate, cylindrical, 7-15 x 3.5-4
gm; separating cells absent. Conidia solitary, dry, acropleurogenous, simple, turbinate to
clavate with sometimes slight constriction at the central, hyaline band, smooth, aseptate,
sub-hyaline to pale brown, 19-23 x 4.2-4.8 um.
Specimen examined: Litter of Emblica officinalis; Mashem, Goa; 13.02.05; coll. by Gawas, P.;
Herb No. PG-0558; Isolated by moist chamber incubation method.

Chrysosporium georgiae (Varsaysky & Ajello) Oorschot, 1980, Stud. Mycol. 20: 31.
(Fig. 87)

Mycelium partly immersed, partly superficial, composed of branched, septate,
smooth, hyaline, 2-5 um thick hyphae.

Conidiophores

semi-macronematous,

mononematous, straight to flexuous, hyaline, smooth, branched, often producing
secondary branches. Conidiogenous cells monoblastic, integrated when terminal, discrete
when intercalary, determinate, cylindrical, 3-3.5 x 1.5-2 um. Conidia solitary, dry,
acrogenous, simple, obovoid to ellipsoidal, smooth, aseptate, thick-walled, sub-hyaline, 67 long, 4-4.5 um wide in the broadest region; rhexolytic cessation.
Specimen examined: Fresh leaf of Syzygium cumini; Colem, Goa; 21.11.05; coll. by Gawas, P.;
Herb No. PG-1035; Isolated by leaf washing method.

Chuppia sp.

(Fig. 88)

Colonies effuse, dark brown to black. Mycelium superficial, composed of septate, dark
brown, smooth, aggregated, 2-3 pm thick hyphae. Conidiophores micronematous,
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mononematous, dark brown, smooth. Conidiogenous cells monoblastic, integrated,
determinate, non-cicatrized.

Conidia solitary, dry, acrogenous, sub-sphaerical to

irregularly shaped, smooth, dark brown, muriform, strongly constricted at the septa,
smooth to verruculose with protuberant hilum, 15-30 x 10-20 gm; schizolytic cessation.
Specimen examined: Litter of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb
No. PG-0658; Isolated by particle plating method.

Cladosporium cladosporioides (Fresen.) G.A. de Vries, 1952, Contrib. Knowledge of the
Genus Cladosporium Link ex Fries: 57.

(Fig. 89)

Colonies effuse, circular, elevation dome shaped, dark brown, having slow to
medium growth on MEA. Mycelium superficial composed of branched, septate, smooth to
finely verrucose, gray to brown, 3-4 gm thick hyphae. Conidiophores macronematous,
mononematous, usually unbranched, occasionally branched towards the apex, straight to
flexuous, olivaceous brown to pale gray, smooth, slightly swollen at the apex, up to 450
gm x 3.5-5 gm wide, 5-6.5 gm wide at the swollen apex. Conidiogenous cells polyblastic,
terminal and intercalary, integrated, discrete when intercalary, sympodial, cicatrized, 6-15
gm long when discrete, up to 80 gm long when integrated, 3-4.5 gm wide, ramoconidia
present. Ramoconidia clavate to ellipsoidal to cylindrical, catenate, in branched or
unbranched acropetal chains, sometimes irregularly shaped due to several protuberant
conidial scars, smooth, pale brown to brown, 0-1 septate, 5-28 gm x 3-4.5 gm. Conidia
catenate, in branched, acropetal chains, dry, acropleurogenous, simple, ovoid to
limoniform to ellipsoidal, smooth, aseptate, sub-hyaline to pale brown with protuberant
hilum, growing form the ramoconidia, 3-8 x 2.5-4.5 gm.
Specimens examined: (i) Fresh leaf of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas,
P.; Herb No. PG-0100; Isolated by 3-step sterilization method; (ii) Litter of Aegle marmelos;
Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0110; Isolated by moist chamber
incubation method; (iii) Litter of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.;
Herb No. PG-0116; Isolated by moist chamber incubation method; (iv) Litter of Aegle marmelos;
Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0130; Isolated by particle plating
method; (v) Litter of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.; Herb No. PG0133; Isolated by particle plating method; (vi) Fresh leaf of Aegle marmelos; Mashem, Goa;
18.02.05; coll. by Gawas, P.; Herb No. PG-0124; Isolated by leaf washing method; (vii) Fresh
root of Andrographis paniculata; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0144;
Culture No. GUFCC 4997; Isolated by 3-step sterilization method; (viii) Litter of Andrographis
paniculata; Colem, Goa; 17.10.05; coll. by Gawas, P.; Herb No. PG-0214; Isolated by particle
plating method; (ix) Bark of Alstonia scholaris; Colem, Goa; 21.10.04; coll. by Gawas, P.; Herb
No. PG-0242; Isolated by 3-step sterilization method; (x) Fresh stem of Alstonia scholaris;
Mashem, Goa;13.02.06; coll. by Gawas, P.; Herb No. PG-0265; Isolated by 3-step sterilization
method; (xi) Litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No.
PG-0273; Isolated by moist chamber incubation method; (xii) Fresh leaf of Alstonia scholaris;
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Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0280; Isolated by leaf washing method;
(xiii) Fresh leaf of Alstonia scholaris; Mashem, Goa; 16.03.05; coll. by Gawas, P.; Herb No. PG0291; Isolated by leaf washing method; (xiv) Fresh leaf of Centella asiatica; Colem, Goa;
24.01.05; coll. by Gawas, P.; Herb No. PG-0424; Isolated by leaf washing method; (xv) Fresh leaf
of Centella asiatica; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0429; Isolated by
leaf washing method; (xvi) Bark of Emblica officinalis; Mashem, Goa; 16.03.06; coll. by Gawas,
P.; Herb No. PG-0542; Isolated by 3-step sterilization method; (xvii) Fresh leaf of Emblica
officinalis; Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb No. PG-0562; Isolated by leaf
washing method; (xviii) Fresh leaf of Emblica officinalis; Mashem, Goa; 16.03.06; coll. by
Gawas, P.; Herb No. PG-0566; Isolated by leaf washing method; (xix) Litter of Emblica
officinalis; Mashem, Goa; 24.10.04; coll. by Gawas, P.; Herb No. PG-0578; Isolated by particle
plating method; (xx) Fresh leaf of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0650; Isolated by leaf washing method; (xxi) Litter of Garcinia indica; Colem, Goa;
15.05.05; coll. by Gawas, P.; Herb No. PG-0631; Isolated by moist chamber incubation method;
(xxii) Litter of Garcinia indica; Colem, Goa; 26.10.05; coll. by Gwas, P.; Herb No. PG-0659;
Culture No. GUFCC 4986; Isolated by particle plating method; (xxiii) Fresh stem of Hemidesmus
indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0698; Isolated by 3-step
sterilization method; (xxiv) Fresh leaf of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0709; Isolated by 3-step sterilization method; (xxv) Fresh leaf of
Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0741; Isolated by
leaf washing method; (xxvi) Fresh leaf of Hemidesmus indicus; Mashem, Goa; 13.02.05; coll. by
Gawas, P.; Herb No. PG-0750; Isolated by leaf washing method; (xxvii) Litter of Hemidesmus
indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0754; Isolated by particle
plating method; (xxviii) Litter of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by Gawas,
P.; Herb No. PG-0756; Isolated by particle plating method; (xxix) Fresh stem of Ocimum
tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0797; Isolated by 3-step
sterilizatiOn method; (xxx) Litter of Ocimum tenuifforum; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG-0811; Isolated by moist chamber incubation method; (xxxi) Litter of
Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0823; Isolated by
particle plating method; (xxxii) Fresh leaf of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0816; Isolated by leaf washing method; (xxxiii) Litter of Piper belle;
Colem, Goa; 12.03.05; coll. by Gawas, P.; Herb No. PG-0884; Isolated by moist chamber
incubation method; (xxxiv) Fresh leaf of Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas,
P.; Herb No. PG-1025; Isolated by leaf washing method; (xxxv) Fresh leaf of Syzygium cumini;
Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-1039; Isolated by leaf washing method;
(xxxvi) Litter of Syzygium cumini; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-1044;
Isolated by particle plating method; (xxxvii) Fresh leaf of Strychnos nux-vomica; Mashem, Goa;
25.02.05; coll. by Gawas, P.; Herb No. PG-1135; Isolated by leaf washing method; (xxxviii) Leaf
litter of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-1146;
Isolated by particle plating method.

Cladosporium oxysporum Berk. & M.A. Curtis, in Berkeley, 1868, J. Linn. Soc., Bot.
(Fig. 90)

10(46): 362.

Colonies effuse to punctiform, circular, elevation dome shaped, gray showing
slow to medium growth. Mycelium superficial composed of profusely branched, septate,
grayish brown, smooth, 2-3 .tm thick hyphae.

Conidiophores macronematous,

mononematous, mostly unbranched, occasionally branched towards the apex, straight to
flexuous, olivaceous brown, smooth to finely verruculose, nodose, up to 1800 .tm long,

-89-

2.8- 4.5 gm wide. Conidiogenous cells holoblastic, polyblastic, terminal and intercalary,
integrated, discrete when intercalary, cicatrized, cylindrical, 6-20 gm long when discrete,
10-45 gm long when integrated, 2.8-3.5 gm wide, ramoconidia present. Ramoconidia
clavate to cylindrical, smooth to finely verrucose, pale brown, 0-3 euseptate, with 1 to
several protuberant conidial scars, 6-19 x 2.5-4.5 gm. Conidia catenate in branched
acropetal chains, dry, acropleurogenous, simple, limoniform to ellipsoidal, smooth to
finely verruculose, aseptate, sub-hyaline to pale brown, with protuberant hilum, 4-8.5 x
1.5-4 gm.
Specimens examined: (i) Fresh stem of Andrographis paniculata; Mashem, Goa; 13.02.06; coll.
by Gawas, P.; Herb No. PG-0182; Isolated by 3-step sterilization method; (ii) Plant litter of
Andrographis paniculata; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0199; Isolated
by moist chamber incubation method; (iii) Fresh leaf of Andrographis paniculata; Colem, Goa;
18.02.05; coll. by Gawas, P.; Herb No. PG-0205; Isolated by leaf washing method; (iv) Fresh leaf
of Andrographis paniculata; Mashem, Goa; 16.03.05; coll. by Gawas, P.; Herb No. PG-0209;
Isolated by leaf washing method; (v) Plant litter of Andrographis paniculata; Colem, Goa;
17.10.05; coll. by Gawas, P.; Herb No. PG-0213; Isolated by particle plating method; (vi) Plant
litter of Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG0217; Isolated by particle plating method; (vii) Leaf litter of Alstonia scholaris; Mashem, Goa;
13.02.06; coll. by Gawas, P.; Herb No. PG-0303; Isolated by particle plating method; (viii) Fresh
leaf of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG 0561;
Isolated by leaf washing method; (ix) Leaf litter of Emblica officinalis; Mashem, Goa; 24.10.04;
coll. by Gawas, P.; Herb No. PG-0575; Isolated by particle plating method; (x) Bark of Garcinia
indica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0587; Isolated by 3-step
sterilization method; (xi) Fresh leaf of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0647; Isolated by leaf washing method; (xii) Leaf litter of Garcinia indica;
Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0661; Isolated by particle plating
method; (xiii) Fresh stem of Hemidesmus indicus; Mashem, Goa; 16.03.06; coll. by Gawas, P.;
Herb No. PG-0726; Isolated by 3-step sterilization method; (xiv) Plant litter of Hemidesmus
indicus; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-0737; Isolated by moist
chamber incubation method; (xv) Fresh leaf of Hemidesmus indicus; Mashem, Goa; 28.12.04;
coll. by Gawas, P.; Herb No. PG-0747; Isolated by leaf washing method; (xvi) Fresh stem of
Ocimum tenuiflorum; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-0784; Isolated by
3-step sterilization method; (xvii) Fresh leaf of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll.
by Gawas, P.; Herb No. PG-0817; Isolated by leaf washing method; (xviii) Fresh leaf of Ocimum
tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0821; Isolated by leaf
washing method; (xix) Fresh leaf of Piper betle; Mashem, Goa; 24.01.05; coll. by Gawas, P.;
Herb No. PG-0912; Isolated by leaf washing method; (xx) Fresh stem of Syzygium cumini;
Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-1007; Culture No. GUFCC 4964;
Isolated by 3-step sterilization method; (xxi) Fresh leaf of Syzygium cumini; Colem, Goa;
13.03.05; coll. by Gawas, P.; Herb No. PG-1029; Isolated by leaf washing method; (xxii) Leaf
litter of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-1051;
Isolated by particle plating method; (xxiii) Fresh stem of Strychnos nux vomica; Colem, Goa;
15.08.04; coll. by Gawas, P.; Herb No. PG-1093; Isolated by 3-step sterilization method.
-

-
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Cladosporium sphaerospermum Penz., 1882, Michelia 2(8): 473.

(Fig. 91)

Colonies effuse, olivaceous brown, showing slow to medium growth. Mycelium
superficial composed of profusely branched, septate, grayish brown, smooth, 2-3 Jim
thick hyphae. Conidiophores macronematous, mononematous, branched, straight to
flexuous, olivaceous brown, smooth to finely verruculose, up to 280 Jim long, 3.5-5 Jim
wide. Conidiogenous cells holoblastic, polyblastic, terminal and intercalary, integrated,
discrete when intercalary, cicatrized, cylindrical, 8-18 Jim long when discrete, up to 50
Jim long when integrated, 3-3.5 Jim wide, ramoconidia present. Ramoconidia clavate to
ellipsoidal to cylindrical, pale to olivaceous brown, sometimes irregularly shaped at the
edges due to protuberant conidial scars, smooth, 0-1 septate, 5-24 (usually 12-14) x 2.55.5 gm . Conidia catenate in branched acropetal chains, dry, acropleurogenous, simple,
limoniform to oval to ellipsoidal, smooth, aseptate, sub-hyaline to pale brown, with
protuberant hilum, 2.5-3.5 x 2.5-3 Jim.
Specimens examined: (i) Leaf and stem litter of Justicia adhatoda; Mashem, Goa; 24.01.05; coll.
by Gawas, P.; Herb No. PG-0363; Isolated by moist chamber incubation method; (ii) Leaf litter of
Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0388; Isolated by
particle plating method; (iii) Fresh leaf of Cymbopogon citratus; Colem, Goa; 01.05.06; coll. by
Gawas, P.; Herb No. PG-0444; Isolated by 3-step sterilization method; (iv) Fresh leaf of
Cymbopogon citratus; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0465; Isolated
by 3-step sterilization method; (v) Plant litter of Cymbopogon citratus; Colem, Goa; 14.01.05;
coll. by Gawas, P.; Herb No. PG-0478; Isolated by moist chamber incubation method; (vi) Plant
litter of Cymbopogon citratus; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0483;
Isolated by moist chamber incubation method; (vii) Fresh leaf of Cymbopogon citratus; Colem,
Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0488; Isolated by leaf washing method; (viii)
Plant litter of Cymbopogon citratus; Colem, Goa; 13.01.05; coll. by Gawas, P.; Herb No. PG0495; Isolated by particle plating method; (ix) Plant litter of Cymbopogon citratus; Mashem, Goa;
18.01.05; coll. by Gawas, P.; Herb No. PG-0501; Isolated by particle plating method; (x) Fresh
root of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0711;
Isolated by 3-step sterilization method; (xi) Plant litter of Ocimum tenuiflorum; Mashem, Goa;
28.12.04; coll. by Gawas, P.; Herb No. PG-0828; Isolated by particle plating method; (xii) Leaf
and stem litter of Piper betle; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0890;
Isolated by moist chamber incubation method; (xiii) Fresh leaf of Piper betle; Colem, Goa;
10.01.05; coll. by Gawas, P.; Herb No. PG-0891; Isolated by leaf washing method; (xiv) Leaf
litter of Piper betle; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0903; Isolated by
particle plating method; (xv) Fresh leaf of Strychnos nux vomica; Mashem, Goa; 16.03.06; coll.
by Gawas, P.; Herb No. PG-1114; Isolated by 3-step sterilization method; (xvi) Leaf and stem
litter of Strychnos nux vomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1123;
Isolated by moist chamber incubation method.
-

-

Clonostachys agarwalii (Kushwaha) Schroers, 2001, Stud. Mycol., 46: 90.
Colonies effuse, off-white. Mycelium

(Fig. 92)

partly immersed partly superficial,

composed of profusely branched, septate, hyaline, smooth, 2-3.5 gm thick hyphae.
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Conidiophores macronematous, mononematous, profusely branched with whorls of short
branches at the tip of which whorls of phialides are borne, branches diverging appearing
form all over the conidiophore. Conidiogenous cells monophialidic, discrete, with several
phialides forming a single whorl, determinate, terminal, intercalary, cylindrical, hyaline,
with collarette absent, 10-30 x 1.6-2.2 µm. Conidia glioid, simple, ellipsoidal, slightly
curved, truncate at the base rounded at the apex, smooth, aseptate, hyaline, 4.2- 4.8 x 22.5 µm.
Specimen examined: Fresh leaf of Strychnos nux-vomica•, Mashem, Goa; 20.01.05; coil, by
Gawas, P.; Herb No. PG-1.111; Isolated by 3-step sterilization method.

Corynespora cambrensis M.B. Ellis, 1960, Mycol. Pap. 76: 28.

(Fig. 93)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial
composed of sub-hyaline to pale brown, septate, smooth, hyphae, 2-4 tm thick.
Con idiophores semi-macronematous to macronematous, mononematous, 1-5 septate,
unbranched, straight to flexuous, pale to olivaceous brown, smooth, 35-130 x 4-5 µm.
Conidiogenous cells monotretic, integrated, terminal, cylindrical, percurrent, 8-26 x 4-5.5
µm. Con idia catenate, in unbranched, acropetal chains, dry, smooth, acrogenous, simple,
cylindrical, 1-6 septate, sub-hyaline to pale brown with. slightly thickened scar; terminal
conidia obclavate with truncate base; intercalary conidia cylindrical truncate at both ends,
25-80 x 5.8-8.5 µm.
Specimens examined: (i) Fresh stem of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0023; Isolated by 3-step sterilization method; (ii) Plant litter of
Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0058; Isolated by
particle plating method; (iii) Fresh stem of Alstonia scholaris; Colem, Goa; 01.05.06; coil. by
Gawas, P.; Herb No. PG-0221; Isolated by 3-step sterilization method; (iv) Fresh leaf of Alstonia
scholaris; Colem, Goa; 04.10.04; coll. by Gawas, P.; Herb No. PG-0226; Isolated by 3-step
sterilization method; (v) Bark of Alstonia scholaris; Colem, Goa; 11.01.05; coil. by Gawas, P.;
Herb No. PG-0230; Isolated by 3-step sterilization method; (vi) Fresh stem of Alstonia scholaris;
Colem, Goa; 17.07.04; coil, by Gawas, P.; Herb No. PG-0235; Isolated by 3-step sterilization
method; (vii) Fresh stem of Alstonia scholaris; Mashem, Goa; 16.03.05; coll. by Gawas, P.; Herb
No. PG-0264; Isolated by 3-step sterilization method; (viii) Fresh leaf of Alstonia scholaris;
Colem, Goa; 11.01.05; coil. by Gawas, P.; Herb No. PG-0283; Isolated by leaf washing method;
(ix) Leaf litter of Alstonia scholaris; Colem, Goa; 15.05.05; coil, by Gawas, P.; Herb No. PG0295; Isolated by particle plating method; (x) Fresh leaf of Cymbopogon citratus; Colem, Goa;
13.03.05; coll. by Gawas, P.; Herb No. PG-0461; 5411; Isolated by 3-step sterilization method;
(xi) Fresh leaf of Cymbopogon citratus; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No.
PG-0467; Isolated by 3-step sterilization method; (xii) Bark of Garcinia indica; Colem, Goa;
26.10.05; coll. by Gawas, P.; Herb No. PG-0585; Isolated by 3-step sterilization method; (xiii)
Fresh leaf of Hemidesmus indicus; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG0749; Isolated by leaf washing method; (xiv) Leaf and stem litter of Hemidesmus indicus; Colem,
Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0753; Isolated by particle plating method; (xv)
Fresh leaf of Piper betle; Colem, Goa; 10.01.05; coil, by Gawas, P.; Herb No. PG-0858; Culture

-92-

No. GUFCC 4973; Isolated by 3-step sterilization method; (xvi) Fresh leaf of Semecarpus
anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0922; Isolated by 3-step
sterilization method; (xvii) Fresh stem of Semecarpus anacardium; Colem, Goa; 11.12.04; coll.
by Gawas, P.; Herb No. PG-0934; Isolated by 3-step sterilization method; (xviii) Fresh stem of
Semecarpus anacardium; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0956; Isolated
by 3-step sterilization method; (xix) Leaf and stem litter of Semecarpus anacardium; Colem, Goa;
11.12.04; coll. by Gawas, P.; Herb No. PG-0969; Isolated by moist chamber incubation method;
(xx) Leaf litter of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No.
PG-0978; Isolated by particle plating method; (xxi) Fresh leaf of Strychnos nux-vomica; Colem,
Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-1080; Isolated by 3-step sterilization method;
(xxii) Leaf and stem litter of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.;
Herb No. PG-1119; Isolated by moist chamber incubation method; (xxiii) Fresh stem of Garcinia
indica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0614; Isolated by 3-step
sterilization method.

Corynespora cassiicola (Berk. & M.A. Curtis) C.T. Wei, 1950, Mycol. Pap. 34: 5.
(Fig. 94)

Colonies effuse to pale to olivaceous brown. Mycelium partly immersed, partly
superficial, composed of branched, septate, pale brown, smooth, 2-4 gm thick hyphae.
Conidiophores semi-macronematous to macronematous, mononematous, 1-4 septate,
unbranched, straight to flexuous, pale to olivaceous brown, smooth, 20-120 x 5-7.5 gm.
Conidiogenous cells monotretic, integrated, terminal, percurrent, cylindrical, pale brown,
8-85 x 3-6.5 gm. Conidia catenate, in short unbranched acropetal chains, dry, smooth,
acrogenous, simple, 1-19 pseudoseptate, pale to olivaceous brown, 20-230 x 5-16 gm
with a thickened, slightly protuberant hilum; terminal conidia obclavate, rounded at the
apex, truncate at the base; intercalary conidia cylindrical, truncate at both ends.
Specimens examined: (i) Leaf and stem litter of Achyranthes aspera; Colem, Goa; 14.01.05; coll.
by Gawas, P.; Herb No. PG-0042; Isolated by moist chamber incubation method; (ii) Fresh leaf of
Andrographis paniculata; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0141; Isolated
by 3-step sterilization method; (iii) Fresh stem of Andrographis paniculata; Colem, Goa;
01.05.06; coll. by Gawas, P.; Herb No. PG-0171; Isolated by 3-step sterilization method; (iv)
Fresh leaf of Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No.
PG-0175; Isolated by 3-step sterilization method; (v)Fresh stem of Andrographis paniculata;
Mashem, Goa; 16.03.05; coll. by Gawas, P.; Herb No. PG-0181; Isolated by 3-step sterilization
method; (vi) Fresh root of Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.;
Herb No. PG 0185; Isolated by 3 step sterilization method; (vii) Plant litter of Andrographis
paniculata; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0211; Isolated by particle
plating method; (viii) Fresh leaf of Centella asiatica; Colem, Goa; 22.12.05; coll. by Gawas, P.;
Herb No. PG-0395; Isolated by 3-step sterilization method; (ix) Fresh stem of Centella asiatica;
Colem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0399; Isolated by 3-step sterilization
method; (x) Fresh root of Centella asiatica; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No.
PG-0412; Isolated by 3-step sterilization method; (xi) Fresh stem of Centella asiatica; Mashem,
Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0414; Isolated by 3-step sterilization method;
(xii) Plant litter of Cymbopogon citratus; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No.
PG-0498; Isolated by particle plating method; (xiii) Bark of Emblica officinalis; Colem, Goa;
17.07.04; coll. by Gawas, P.; Herb No. PG-0530; Isolated by 3-step sterilization method; (xiv)
-

-
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Leaf and stem litter of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No.
PG-0553; Isolated by moist chamber incubation method; (xv) Fresh stem of Hemidesmus indicus;
Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0682; Isolated by 3-step sterilization
method; (xvi) Fresh root of Hemidesmus indicus; Colem, Goa; 01.05.05; coll. by Gawas, P.; Herb
No. PG-0683; Isolated by 3-step sterilization method; (xvii) Fresh root of Hemidesmus indicus;
Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0685; Isolated by 3-step sterilization
method; (xviii) Fresh leaf of Hemidesmus indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0693; Isolated by 3-step sterilization method; (xix) Fresh stem of Hemidesmus
indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0701; Isolated by 3-step
sterilization method; (xx) Fresh leaf of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0707; Isolated by 3-step sterilization method; (xxi) Plant litter of Piper
betle; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0910; Isolated by particle plating
method; (xxii) Fresh leaf of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0165; Isolated by 3-step sterilization method.

Corynespora citricola M.B. Ellis, 1957, Mycol. Pap. 65: 2.

(Fig. 95)

Colonies effuse, pale to olivaceous brown. Mycelium partly immersed, partly
superficial, composed of branched, septate, sub-hyaline to pale brown hyphae. Stroma
brown, erumpent, pseudoparenchymatous.

Setae

scarce or absent in culture.

Conidiophores macronematous, mononematous, unbranched, sometimes branched,
septate, straight to flexuous, pale brown, olivaceous brown at the base, smooth, 250-290
gm broad, sometimes up to 1400 gm long x 4-4.5 gm wide. Conidiogenous cells
monotretic, integrated, percurrent, terminal, cylindrical to clavate, slightly swollen at the
point of conidium attachment, 25-45 x 4-4.5 gm. Conidia catenate, in unbranched
acropetal chains, dry, acrogenous, simple, obclavate when terminal, cylindrical when
intercalary, smooth, 3-22 pseudoseptate, sub-hyaline to pale brown, straight to slightly
curved, 55-250 x 4-8 gm.
Specimens examined: (i) Fresh stem of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0154; Isolated by 3-step sterilization method; (ii) Leaf and stem litter of
Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG-0357; Isolated by
moist chamber incubation method; (iii) Fresh leaf of Cymbopogon citratus; Mashem, Goa;
18.01.05; coll. by Gawas, P.; Herb No. PG-0466; Isolated by 3-step sterilization method; (iv)
Plant litter of Cymbopogon citratus; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG0479; Isolated by moist chamber incubation method; (v) Fresh leaf of Cymbopogon citratus;
Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0493; Isolated by leaf washing method;
(vi) Fresh stem of Ocimum tenutflorum; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG0783; Isolated by 3-step sterilization method; (vii) Fresh leaf of Ocimum tenutflorum; Mashem,
Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0792; Isolated by 3-step sterilization method;
(viii) Leaf and stem litter of Ocimum tenutflorum; Mashem, Goa; 13.02.06; coll. by Gawas, P.;
Herb No. PG-0814; Isolated by moist chamber incubation method; (ix) Fresh leaf of Piper betle;
Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0851; Isolated by 3-step sterilization
method; (x) Plant litter of Piper belle; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG0888; Isolated by moist chamber incubation method; (xi) Fresh leaf of Piper belle; Colem, Goa;
12.03.05; coll. by Gawas, P.; Herb No. PG-0899; Isolated by leaf washing method; (xii) Leaf
litter of Piper belle; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0906; Isolated by
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particle plating method, (xiii) Leaf and stem litter of Strychnos nux-vomica; Colem, Goa;
01.05.06; coll. by Gawas, P.; Herb No. PG-1122; Isolated by moist chamber incubation method;
(xiv) Leaf and stem litter of Strychnos nux-vomica; Mashem, Goa; 25.02.05; coll. by Gawas, P.;
Herb No. PG-1125; Isolated by moist chamber incubation method.

Curvularia lunata (Wakker) Boedijn, 1933, Bull. Jard. Bot. Buitenz, 3 Ser. 13(1): 127.
(Fig. 96)
Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, septate, pale brown, smooth, 2-2.2 gm thick hyphae. Stroma not observed in
culture. Conidiophores macronematous, mononematous, unbranched, straight to flexuous,

geniculate, pale brown, smooth, up to 350 x 2.5-3 gm. Conidiogenous cells polytretic,
integrated, terminal, sometimes sympodial, cicatrized, cylindrical to irregular and swollen
due to conidial scars and sympodial growth, pale brown, up to 14 gm long, 3.5-4 gm
wide. Conidia solitary, dry, acropleurogenous, simple, clavate to broadly fusiform, often
curved, smooth, 3-euseptate, unequally divided, versicoloured, median cells dark brown,
terminal cells pale brown, hilum not protuberant, 18-26 x 7.5-8.5 gm.
Specimens examined: (i) Leaf and stem litter of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll.
by Gawas, P.; Herb No. PG-0805; Isolated by moist chamber incubation method; (ii) Leaf litter of
Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-1040; Isolated by
particle plating method; (iii) Leaf litter of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by
Gawas, P.; Herb No. PG-1054; Isolated by particle plating method.

Curvularia pallescens Boedijn, 1933, Bull. Jard. Bot. Buitenz, 3 Ser. 13(1): 127.
(Fig. 97)
Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, septate, pale brown, smooth, 2-3 um thick hyphae.

Conidiophores

macronematous, mononematous, rarely branched, straight to flexuous, geniculate, pale
brown, smooth, variable in length, 4.5-6 gm. Conidiogenous cells polytretic, integrated,
terminal, sometimes sympodial, cicatrized, cylindrical to irregular and swollen due to
conidial scars and sympodial growth, pale brown, up to 10 um long, 3-4 um wide.
Conidia 21-30 x 8.4 -17 um, solitary, dry, acropleurogenous, simple, ellipsoidal top
broadly fusiform, second septa not median, third cell larger than the others, often
geniculate at third cell, smooth, 3-euseptate, pale brown, hilum not protuberant.
Specimens examined: (i) Fresh leaf of Cymbopogon citratus; Colem, Goa; 01.10.05; coll. by
Gawas, P.; Herb No. PG-0457; Isolated by 3-step sterilization method; (ii) Plant litter of
Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0471; Isolated by
moist chamber incubation method; (iii) Plant litter of Cymbopogon citratus; Mashem, Goa;
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Fig. 86: Beltraniella portoricensis
Fig. 87: Chrysosporium georgiae
Fig. 88: Chuppia sp.
Fig. 89: Cladosporium cladosporioides
Fig. 90: Cladosporium oxysporum
Fig. 91: Cladosporium sphaerospermum
Fig. 92: Clonostachys agarwalii
Fig. 93: Corynespora cambrensis
Fig. 94: Corynespora cassiicola
Fig. 95: Corynespora citricola
Fig. 96: Curvularia lunata
Fig. 97: Curvularia pallescens
Fig. 98: Curvularia protuberata
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17.05.05; coll. by Gawas, P.; Herb No. PG-0484; Isolated by moist chamber incubation method;
(iv) Fresh leaf of Cymbopogon citratus; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG0490; Isolated by leaf washing method.

Curvularia protuberata R.R. Nelson & Hodges, 1965, Mycologia 57: 823.

(Fig. 98)

Colonies effuse, brown. Mycelium partly superficial, partly immersed, composed
of branched, septate, sub-hyaline, smooth, 2-2.5 um thick hyphae. Sclerotia form in
culture, gray to black. Conidiophores macronematous, mononematous, unbranched,
straight to flexuous, often geniculate, pale brown, smooth, up to 130 long, 4-4.5 um wide.
Conidiogenous cells polytretic, integrated, terminal, becoming intercalary, cylindrical to
irregular, swollen the point of conidium attachment, sympodial, pale brown, 6.5- 17 x
4.6-5.2 um. Conidia solitary, dry, acropleurogenous, simple, clavate to fusiform with
rounded apex and truncate protuberant base, often curved, smooth, 3-4 euseptate,
unequally divided cells, 21-30 x 7-9.5 um in the broadest region. Third cell from the base,
swollen, darker than rest; lowermost cell slightly verruculose.
Specimen examined: Leaf litter of Emblica officinalis; Mashem, Goa; 13.02.05; coll. by Gawas,
P.; Herb No. PG-0568; Isolated by particle plating method.

Curvularia verruculosa Tandon & Bilgrami ex M.B. Ellis, 1966, Mycol. Pap., 106: 20.
(Fig. 99)
Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed of
branched, septate, pale brown, smooth, 2-3 um thick hyphae. Stroma not observed in
culture. Conidiophores macronematous, mononematous, unbranched, straight to flexuous,
geniculate, pale brown, smooth, variable in length, 5-6.5 um. Conidiogenous cells
polytretic, integrated, terminal, sometimes sympodial, cicatrized, cylindrical to irregular
and swollen due to conidial scars and sympodial growth, pale brown, up to 18 um long,
3.5-4 um wide. Conidia solitary, dry, acropleurogenous, simple, clavate to fusiform, often
curved, verrucose, 3-septate, narrow lumen, pale brown, the second cell from the base
bigger than the others, hilum not protuberant,18-30 x 7.5-14 um in the broadest region.
Specimen examined: Leaf and stem litter of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0054; Isolated by particle plating method.

Dendryphiena infuscans (Thum.) M.B. Ellis, 1971, Dematiaceous Hyphomycetes (Kew):
500.

(Fig. 100)
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Colonies effuse brown. Mycelium immersed or superficial.

Conidiophores

macronematous, mononematous, unbranched, sometimes with short branches towards the
apex, straight to flexuous, pale brown, smooth, verrucose in the apical region, up to 700 x
3.5-4.5 .im with terminal and intercalary nodose swellings. Conidiogenous cells
polytretic, integrated, sympodial, pale brown, darker at point of conidium attachment,
terminal, becoming intercalary, cylindrical, slightly swollen at apex, 23-53 x 3-3.5 tm.
Conidia catenate in branched or unbranched acropetal chains, dry, acrogenous, simple,
cylindrical, with truncate ends, verrucose, 1-2 septate, euseptate, pale brown, 13-16 x 5-6
pin
Specimens examined: (i) Fresh root of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG-0801; Isolated by 3-step sterilization method; (ii) Leaf and stem litter of
Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0812; Isolated by
moist chamber incubation method.

Dendryphiella vinosa (Berk. & M.A. Curtis) Reisinger, 1968, Bull. trimest. Soc. mycol.
Fr. 84(1): 27.

(Fig. 101)

Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, septate, verrucose, 2-3 tm thick hyphae. Conidiophores macronematous,
mononematous, fasciculate, unbranched, straight to flexuous, mid-brown, verruculose,
160-220 x 4-5-5.5 tm. Conidiogenous cells polytretic, integrated, sympodial, cicatrized,
terminal, becoming intercalary, brown, verrucose, cylindrical, 18-50 x 4-5 tm. Conidia
catenate, in unbranched, acropetal chains, dry, acropleurogenous, simple, cylindrical,
verrucose, usually triseptate, sometimes 2 or more than 3 septate, euseptate, mid-brown,
20-38 x 5.5-7.6 tm; terminal conidia rounded at the apex, truncate at the base; intercalary
conidia truncate at both ends.
Specimens examined: (i) Fresh stem of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0003; Isolated by 3-step sterilization method; (ii) Leaf and stem litter of
Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0202;
Isolated by moist chamber incubation method.

Dictyochaeta parva (S. Hughes & W.B. Kendr.) Hol.-Jech., 1988, Ceska Mykol. 42(4):
204.

(Fig.

102)

Colonies effuse, brown. Mycelium immersed. Conidiophores macronematous,
mononematous, arising in groups, unbranched, mid-brown at base, paler towards the
apex, smooth, 75-330 x 4-4.5 gm. Conidiogenous cells 11-35 x 3-3.5 gm, polyphialidic,
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integrated, pale brown, proliferating and sympodial, terminal and intercalary, cylindrical
when intercalary, lageniform when terminal, with flared collarette. Conidia 10-14.5 x 2.83.5 .tm in slimy heads, fusiform, slightly curved, smooth, aseptate, hyaline to sub-hyaline,
guttulate, with one filiform appendage on each end; appendage 4-4.4 tm long.
Specimen examined: Fresh leaf of Cymbopogon citratus; Colem, Goa; 04.10.04; coll. by Gawas,
P.; Herb No. PG-0454; Isolated by 3-step sterilization method.

Dicyma chartarum Sacc. Cfr. Winter Deutschl. Fl. Pilze, II: 157.

(Fig. 103)

Colonies effuse, dark brown to gray. Sterile processes growing on the
conidiophore, with swollen apex, 10-17x 1-1.4 gm; swollen apex, 3-3.5 gm.
Conidiophores

macronematous, mononematous, with dichotomous, sometimes

trichotomous branching, straight to flexuous, brown at base, paler upwards, smooth, up to
165 x 1.5-2 gm. Conidiogenous cells polyblastic, discrete, sympodial, denticulate,
terminal and intercalary, cylindrical, 16-24 x 1.5-1.8 gm.

Conidia solitary, dry,

acropleurogenous, simple, obovoid, verruculose, aseptate, hyaline to sub-hyaline, 3.43.8x 2.4-2.8 gm.
Specimen examined: Stem litter of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas,
P.; Herb No. PG-0808; Isolated by moist chamber incubation method.

Drechslera australiensis

(Bugnic.) Subram. & B.L. Jain, 1966, Dematiaceous
(Fig. 104)

Hyphomycetes (Kew): 413.

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial,
composed of branched, septate, pale brown 3-4 .tm thick hyphae. Sclerotia produced in
culture. Conidiophores macronematous, mononematous, unbranched, straight to flexuous,
often geniculate, brown, smooth, 55-245 x 3-3.8 gm. Conidiogenous cells polytretic,
integrated, sympodial, cicatrized, terminal becoming intercalary, cylindrical to irregularly
shaped due to sympodial growth, pale brown, 4.5-16 x 4-4.5 gm. Conidia solitary dry,
acropleurogenous, simple, cylindrical to clavate, mostly curved, sometimes straight,
smooth, 3-septate, rarely 4-septate, pseudoseptate, with a narrow lumen, brown, 15-26 x
6.5-13 gm.
Specimens examined: (i) Fresh leaf of Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by
Gawas, P.; Herb No. PG-0446; Isolated by 3-step sterilization method; (ii) Leaf litter of
Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0475; Isolated by
moist chamber incubation method.
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Drechslera sp.

(Fig. 105)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial,
composed of branched, septate, pale brown 2.5-3.5 gm thick hyphae. Sclerotia produced
in culture. Conidiophores macronematous, mononematous, branched to unbranched,
straight to flexuous, geniculate, brown, smooth, up to 220 tm long, 2.5-4.5 gm.
Conidiogenous cells polytretic, integrated, sympodial, cicatrized, terminal becoming
intercalary, cylindrical to irregularly shaped due to sympodial growth, pale brown, 4-12 x
2.5-3.5 pm. Conidia solitary dry, acropleurogenous, simple, obovoid to clavate, slightly
curved, smooth, 2-3-septate, rarely 1-pseudoseptate, with a narrow lumen, brown, 10-20 x
5.5-9 pm.
Specimen examined: Fresh stem of Piper belle; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb
No. PG-0864; Isolated by 3-step sterilization method.

Engyodontium album (Limber) de Hoog, 1978, Persoonia 10(1): 53.

(Fig. 106)

Colonies effuse, pale brown. Mycelium partly superficial, partly immersed,
composed of branched, septate, sub-hyaline, smooth hyphae.

Conidiophores

macronematous, mononematous, branched verticillately towards the apex, straight to
flexuous, hyaline to sub-hyaline, smooth, 550-700 x 2-4 tm. Conidiogenous cells
polyblastic, terminal and intercalary, integrated when terminal, discrete, in groups of 2-3
when intercalary, sympodial, elongated giving it a zig-zag appearance in the upper half,
10-30 x 1.5-2.5 tm. Conidia solitary, dry, acropleurogenous, simple, globose to ovate,
smooth, aseptate, hyaline, 2.5-3 x 1.5-2 gm.
Specimen examined: Bark of Garcinia indica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb
No. PG-0586; Isolated by 3-step sterilization method.

Exserohilum halodes (Drechsler) K.J. Leonard & Suggs, 1974, Mycologia 66(2): 290.
(Fig. 107)
Colonies effuse brown. Mycelium partly superficial, partly immersed, composed
of branched, septate, pale brown, smooth, 3-4 tm thick hyphae.

Conidiophores

macronematous, mononematous, unbranched, sometimes branched towards the apex,
straight to flexuous, sometimes geniculate, brown, smooth, up to 600 tm long.
Conidiogenous cells polytretic, integrated, sympodial, terminal becoming intercalary,
cylindrical, up to 60 tm long x 5-6.5 tm. Conidia solitary, dry, acropleurogenous,
simple, cylindrical to fusiform with rounded apex, smooth, 5-9 pseudoseptate, mid-brown
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with end cells hyaline to very pale brown, formed by a very thick, dark septa, 30-70 x 1422 pm; basal hilum protuberant, truncate.
Specimens examined: (i) Fresh stem of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0671; Isolated by 3-step sterilization method; (ii) Fresh leaf of
Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0458; Culture No.
5414; Isolated by 3-step sterilization method; (iii) Leaf and stem litter of Ocimum tenuiflorum;
Colem, Goa; 10.01.06; coll. by Gawas, P.; Herb No. PG-0806; Isolated by moist chamber
incubation method; (iv) Fresh leaf of Piper belle; Colem, Goa; 12.03.05; coll. by Gawas, P.; Herb
No. PG-0900; Isolated by leaf washing method.

Fusariella sp.

(Fig. 108)

Colonies effuse, off-white to pale green. Mycelium partly immersed, partly
superficial, composed of branched, hyaline, septate, smooth, 2.4-2.8 pm thick hyphae,
forming mycelial cords. Conidiophores macronematous, mononematous, irregularly
branched, straight to flexuous, hyaline, smooth, up to 25-34 x 2.4-2.8 pm. Conidiogenous
cells monophialidic, integrated when terminal, discrete when intercalary, cylindrical,

sometimes curved inwardly, determinate, 17-24 x 1.5-2.2 pm; collarette absent. Conidia
in false chains, resting over each other, in basipetal succession, simple, fusiform, slightly
curved, smooth, 3-euseptate, sub-hyaline to pale green, eguttulate, 10-17 x 3-3.5 pm.
Specimen examined: Leaf litter of Cymbopogon citratus; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0482; Isolated by moist chamber incubation method.

Fusarium avenaceum (Fr.) Sacc., 1886, Syll. fung. (Abellini) 4: 713.

(Fig. 109)

Colonies effuse, off-white, with irregular shape, showing medium growth.

Mycelium superficial, composed of branched, septate, smooth, hyaline, 2-3 pm thick
hyphae. Conidiophores semi-macronematous, mononematous, branched or unbranched,
straight to flexuous, hyaline, smooth. Conidiogenous cells mono to polyphialidic,
discrete, determinate, hyaline, terminal and intercalary, subulate; collarette absent.
Microconidia absent; Macroconidia in slimy heads, solitary, simple, fusiform, straight to
slightly curved inwards at both ends, smooth, 5-7 septate, hyaline to sub-hyaline, 55-80
x 4.5-6.5 gm, with tips of the conidia acutely bent inwards.
Specimens examined: (i) Bark of Justicia adhatoda; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0321; Isolated by 3-step sterilization method; (ii) Fresh stem of Piper betle; Colem,
Goa; 12.03.05; coll. by Gawas, P.; Herb No. PG-0835; Isolated by 3-step sterilization method;
(iii) Fresh root of Piper betle; Colem, Goa; 12.03.05; coll. by Gawas, P.; Herb No. PG-0843;
Isolated by 3-step sterilization method; (iv) Fresh leaf of Piper belle; Colem, Goa; 10.01.05; coll.
by Gawas, P.; Herb No. PG-0898; Isolated by leaf washing method; (v) Fresh leaf of Piper betle;
Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0911; Isolated by leaf washing method;
(vi) Fresh leaf of Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0985;
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Isolated by 3-step sterilization method; (vii) Bark of Syzygium cumini; Colem, Goa; 13.03.05;
coll. by Gawas, P.; Herb No. PG-0993; Isolated by 3-step sterilization method; (viii) Leaf litter of
Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-1018; Isolated by
moist chamber incubation method; (ix) Leaf litter of Syzygium cumini; Colem, Goa; 13.03.05;
coll. by Gawas, P.; Herb No. PG-1043; Isolated by particle plating method.

Fusarium incarnatum (Desm.) Sacc., 1886, Syn. fung. (Abellini) 4: 712.

(Fig. 110)

Colonies effuse, off-white, with irregular margin, thin aerial Mycelium, showing

medium growth. Mycelium superficial, composed of branched, septate, smooth, hyaline,
2-3 gm thick hyphae; several mycelia sometimes come together to form mycelial cords.
Conidiophores semi-macronematous, mononematous, branched or unbranched, straight to

flexuous, hyaline, smooth, 18-70 x 2-4 gm. Conidiogenous cells mono to polyphialidic,
discrete, determinate, hyaline, terminal and intercalary, subulate, 10-25 x 2-3; collarette
absent. Conidia of 2 types: Microconidia in slimy heads, simple, 0-1 septate, variable in
size and shape, obovoid to ellipsoidal to fusiform, smooth, hyaline, straight to curved, 611 x 1.5- 2.8 gm. Macroconidia solitary, simple, smooth, hyaline, fusiform, straight to
slightly falcate, 3-5 septate, 14-36 x 2.5-3.6 gm.
Specimens examined: (i) Fresh stem of Achyranthes aspera; Colem, Goa; 17.10.05; coll. by
Gawas, P.; Herb No. PG-0006; Isolated by 3-step sterilization method; (ii) Fresh leaf of
Achyranthes aspera; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No. PG-0049; Isolated by
leaf washing method; (iii) Leaf and stem litter of Achyranthes aspera; Mashem, Goa; 10.01.05;
coll. by Gawas, P.; Herb No. PG-0057; Isolated by particle plating method; (iv) Fresh leaf of
Aegle marmelos; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0081; Isolated by 3step sterilization method; (v) Fresh leaf of Aegle marmelos; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0118; Isolated by leaf washing method; (vi) Leaf and stem litter of
Andrographis paniculata; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-0215; Isolated
by particle plating method; (vii) Fresh leaf of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by
Gawas, P.; Herb No. PG-0349; Isolated by 3-step sterilization method; (viii) Fresh leaf ofJusticia
adhatoda; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0379; Isolated by leaf
washing method; (ix) Leaf and stem litter of Justicia adhatoda; Colem, Goa; 17.10.05; coll. by
Gawas, P.; Herb No. PG-0384; Isolated by particle plating method; (x) Fresh leaf of Garcinia
indica; Colem, Goa; 26.10.05; coll. by Gawas, P.; Herb No. PG-0641; Isolated by leaf washing
method; (xi) Leaf litter of Garcinia indica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No.
PG-0660; Isolated by particle plating method; (xii) Fresh leaf of Hemidesmus indicus; Colem,
Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0696; Isolated by 3-step sterilization method;
(xiii) Fresh stem of Hemidesmus indicus; Colem, Goa; 04.10.04; coll. by Gawas, P.; Herb No.
PG-0703; Isolated by 3-step sterilization method; (xiv) Fresh stem of Hemidesmus indicus;
Colem, Goa; 01.05.05; coll. by Gawas, P.; Herb No. PG-0705; Isolated by 3-step sterilization
method; (xv) Fresh leaf of Hemidesmus indicus; Mashem, Goa; 16.03.06; coll. by Gawas, P.;
Herb No. PG-0723; Isolated by 3-step sterilization method; (xvi) Leaf and stem litter of
Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0730; Isolated by
moist chamber incubation method (xvii) Leaf and stem litter of Hemidesmus indicus; Mashem,
Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0735; Isolated by moist chamber incubation
method; (xviii) Fresh leaf of Hemidesmus indicus; Colem, Goa; 07.05.06; coll. by Gawas, P.;
Herb No. PG-0742; Isolated by leaf washing method; (xix) Leaf and stem litter of Hemidesmus
indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0757; Isolated by particle
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Fig. 99:

Curvularia verruculosa

Fig. 100: Dendryphiella infuscans
Fig. 101: Dendryphiella vinosa
Fig. 102: Dictyochaeta parva
Fig. 103: Dicyma chartarum
Fig. 104: Drechslera australiensis
Fig. 105: Drechslera sp.
Fig. 106: Engyodontium album
Fig. 107: Exserohilum halodes
Fig. 108: Fusariella sp.
Fig. 109: Fusarium avenaceum
Fig. 110: Fusarium incarnatum
Fig. 111: Fusarium lateritium
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plating method; (xx) Fresh leaf of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll. by Gawas,
P.; Herb No. PG-0785; Isolated by 3-step sterilization method; (xxi) Leaf litter of Piper belle;
Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0913; Isolated by particle plating
method; (xxii) Leaf litter of Syzygium cumini; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb
No. PG-1045; Isolated by particle plating method; (xxiii) Fresh leaf of Strychnos nux-vomica;
Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-1066; Isolated by 3-step sterilization
method; (xiv) Fresh leaf of Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.;
Herb No. PG-1133; Isolated by leaf washing method.

Fusarium lateritium Nees, 1816, Syst. Pilze (Wurzburg): 31.

(Fig. 111)

Colonies effuse, off-white. Mycelium superficial, composed of branched, hyaline,
septate, smooth, 2-2.5 gm wide. Conidiophores semi-macronematous, mononematous,
branched or unbranched, straight to flexuous, hyaline, smooth, 14-25 x 2-3 gm
Conidiogenous cells monophialidic, discrete, terminal, and intercalary, lageniform to
subulate, 7-18 x 2-2.5 gm; collarette absent. Microconidia absent. Macroconidia slimy,
simple, fusiform, straight to slightly curved, with pointed beak on one side incurved,
smooth, 3-7septate, hyaline, guttulate, 14-54 x 3-4.5 gm.
Specimens examined: (i) Leaf litter of Aegle marmelos; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0126; Isolated by particle plating method; (ii) Leaf litter of Aegle marmelos;
Mashem, Goa; 14.25.06; coll. by Gawas, P.; Herb No. PG-0136; Isolated by particle plating
method; (iii) Leaf and stem litter of Andrographis paniculata; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0197; Isolated by moist chamber incubation method; (iv) Bark of
Justicia adhatoda; Colem, Goa; 26.04.06; coll. by Gawas, P.; Herb No. PG-0334; Isolated by 3step sterilization method; (v) Leaf and stem litter of Justicia adhatoda; Colem, Goa; 21.05.05;
coll. by Gawas, P.; Herb No. PG-0360; Isolated by moist chamber incubation method; (vi) Fresh
leaf of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG-0367; Isolated
by leaf washing method; (vii) Leaf litter of Piper betle; Mashem, Goa; 24.01.05; coll. by Gawas,
P.; Herb No. PG-0889; Isolated by moist chamber incubation method; (viii) Fresh leaf of Aegle
marmelos; Mashem, Goa; 14.05.06; coll. by Gawas, P.; Herb No. PG-0125; Isolated by leaf
washing method.

Fusarium moniliforme J. Sheld., 1904, Nebraska Agric. Exp. Stat. Rep. 17: 23.(Fig. 112)
Colonies effuse, off-white. Conidiophores macronematous, mononematous,
branched, straight to flexuous, hyaline, smooth, 30-180 x 3-3.5 gm. Conidiogenous cells
monophialidic, discrete, terminal, and intercalary, Tageniform to subulate, 12-22 x 2.4-2.6
gm in the broadest region; collarette absent. Conidia simple, smooth, hyaline, of two
types: microconidia catenate in unbranched basipetal chain, simple, aseptate, sometimes
becoming uniseptate, elliptic to broadly fusiform, with truncate ends on both sides,
straight, 5.5-6.8 x 2.2- 3.4 gm. Macroconidia glioid, 3-7 septate, euseptate, constricted at
the septa, fusiform, falcate with pointed ends, 70-84 x 8.4-9.5 gm guttulate.
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Specimens examined: (i) Fresh stem of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0250; Isolated by 3-step sterilization method; (ii) Fresh leaf of Alstonia
scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0252; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Alstonia scholaris; Colem, Goa; 11.01.05; coll. by Gawas,
P.; Herb No. PG-0281; Isolated by leaf washing method; (iv) Leaf litter of Alstonia scholaris;
Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0310; Isolated by particle plating
method; (v) Fresh leaf of Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb
No. PG-0487; Isolated by leaf washing method; (vi) Fresh leaf of Cymbopogon citratus; Mashem,
Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0494; Isolated by leaf washing method; (vii)
Leaf litter of Cymbopogon citratus; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG0500; Isolated by particle plating method; (viii) Fresh stem of Strychnos nux vomica; Colem,
Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-1079; Isolated by 3-step sterilization method;
(ix) Fresh leaf of Strychnos nux vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG1128; Isolated by leaf washing method; (x) Leaf litter of Strychnos nux vomica; Colem, Goa;
11.12.04; coll. by Gawas, P.; Herb No. PG-1138; Isolated by particle plating method; (xi) Leaf
litter of Strychnos nux vomica; Mashem, Goa; 25.02.05; coll. by Gawas, P.; Herb No. PG-1144;
Isolated by particle plating method.
-

-

-

-

Fusarium oxysporum Schltdl., 1824, Flora Berolinensis, Pars secunda: Cryptogamia:
106.

(Fig. 113)
Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed

of brown, smooth, septate, branched, 2.5-3 p.m thick hyphae.

Conidiophores

macronematous, mononematous, unbranched, straight to flexuous, hyaline, smooth, 95155 x 3-3.5

Conidiogenous cells monophialidic, integrated, terminal, determinate,

cylindrical, 50-62 x 2.5-3 p.m wide at the base; collarette absent. Microconidia glioid,
simple, smooth, eguttulate, 0-1 euseptate, ellipsoidal, hyaline, 5.5-12 x 2-3.5 [an.
Macroconidia glioid, simple, smooth, eguttulate 3-5 euseptate, hyaline to sub-hyaline,
fusiform, straight to curved, with pointed ends, 25-55 x 3.5-5 p.m.
Specimens examined: (i) Fresh stem of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0153; Isolated by 3-step sterilization method; (ii) Bark of Alstonia
scholaris; Colem, Goa; 17.07.04; coll. by Gawas, P.; Herb No. PG-0238; Isolated by 3-step
sterilization method; (iii) Fresh stem of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0262; Isolated by 3-step sterilization method; (iv) Fresh leaf of
Cymbopogon citratus; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No. PG-0442; Isolated by
3-step sterilization method; (v) Leaf litter of Cymbopogon citratus; Colem, Goa; 01.05.06; coll.
by Gawas, P.; Herb No. PG-0499; Isolated by particle plating method; (vi) Fresh stem of Ocimum
tenuiflorum; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0794; Isolated by 3-step
sterilization method; (vii) Fresh leaf of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG-0796; Isolated by 3-step sterilization method; (viii) Fresh leaf of
Ocimum tenuiflorum; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-0818; Isolated by
leaf washing method; (ix) Leaf litter of Ocimum tenuiflorum; Colem, Goa; 07.05.06; coll. by
Gawas, P.; Herb No. PG-0826; Isolated by particle plating method; (x) Fresh root of Piper betle;
Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0871; Isolated by 3-step sterilization
method; (xi) Fresh leaf of Piper betle; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG0894; Isolated by leaf washing method; (xii) Leaf litter of Piper betle; Colem, Goa; 01.05.06;
coll. by Gawas, P.; Herb No. PG-0907; Isolated by particle plating method; (xiii) Fresh leaf of
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Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-1028; Isolated by leaf
washing method; (xiv) Fresh stem of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by
Gawas, P.; Herb No. PG-1072; Isolated by 3-step sterilization method; (xv) Bark of Strychnos
nux-vomica; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-1084; Isolated by 3-step
sterilization method; (xvi) Fresh stem of Strychnos nux-vomica; Mashem, Goa; 16.03.06; coil. by
Gawas, P.; Herb No. PG-1104; Isolated by 3-step sterilization method; (xvii) Fresh leaf of
Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1110; Isolated
by 3-step sterilization method; (xviii) Leaf and stem litter of Strychnos nux-vomica; Mashem,
Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1124; Isolated by moist chamber incubation
method; (xix) Leaf litter of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.;
Herb No. PG-1136; Isolated by particle plating method; (xx) Fresh root of Andrographis
paniculata; Colem, Goa; 01.10.05; coll. by Gawas, P.; Herb No. PG-0163; Isolated by 3-step
sterilization method; (xxi) Leaf litter of Emblica officinalis; Colem, Goa; 07.05.06; coll. by
Gawas, P.; Herb No. PG-1150; Isolated by particle plating method.

Fusarium subglutinans (Wollenw. & Reinking) P.E. Nelson, Toussoun & Marasas,
1983, Fusarium species. An illustrated manual for identification (University Park): 135.
(Fig. 114)
Colonies effuse, off-white. Mycelium partly immersed, partly superficial,
composed of branched, smooth, septate, hyaline, 2-3 tm thick hyphae. Conidiophores
semi-macronematous, mononematous, branched or unbranched, straight to flexuous,
hyaline, smooth, 10-75 x 1.5-2.5 tm. Conidiogenous cells mono or polyphialidic, discrete
when intercalary, integrated when terminal, subulate, 6-25 x 2-3 .tm wide at the base;
collarets absent. Microconidia glioid, simple, obovoid, ellipsoidal to cylindrical, rounded
at both ends, straight to slightly curved, smooth, eguttulate, 0-1 euseptate, hyaline, 2.512 x 1.5-3 gm. Macroconidia glioid, simple, fusiform, straight to falcate, smooth, 3-5euseptate, with a distinct foot-cell, 25-65 x 3.5-5.5 gm.
Specimens examined: (i) Fresh stem of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0002; Isolated by 3-step sterilization method; (ii) Fresh leaf of
Achyranthes aspera; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No. PG-0013; Isolated by 3step sterilization method; (iii) Fresh leaf of Achyranthes aspera; Mashem, Goa; 13.02.06; coll. by
Gawas, P.; Herb No. PG-0018; Isolated by 3-step sterilization method; (iv) Leaf and stem litter of
Achyranthes aspera; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0044; Isolated by
moist chamber incubation method; (v) Leaf and stem litter of Achyranthes aspera; Mashem, Goa;
21.05.05; coll. by Gawas, P.; Herb No. PG-0047; Isolated by moist chamber incubation method;
(vi) Leaf litter of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG0383; Isolated by particle plating method; (vii) Fresh root of Centella asiatica; Mashem, Goa;
17.05.05; coll. by Gawas, P.; Herb No. PG-0411; Isolated by 3-step sterilization method; (viii)
Fresh leaf of Centella asiatica; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0428;
Isolated by leaf washing method; (ix) Leaf litter of Centella asiatica; Colem, Goa; 01.05.06; coll.
by Gawas, P.; Herb No. PG-0433; Isolated by particle plating method; (x) Leaf litter of Centella
asiatica; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0437; Isolated by particle
plating method; (xi) Fresh leaf of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by Gawas, P.;
Herb No. PG-0563; Isolated by leaf washing method.
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Gilmaniella muldporosa Moustafa & Ezz-Eldin, 1989, Mycol. Res. 92(4): 502.
(Fig. 115)
Colonies effuse, grey to dark brown. Mycelium partly immersed, partly superficial,
composed of septate, smooth, hyaline to pale brown, 2-3 gm thick hyphae. Conidiophores
micronematous to semimacronematous, straight to flexuous, branched, sometimes
unbranched, smooth, hyaline up to 20 µm long, 6-7.5 µm wide. Conidiogenous cells
monoblastic or polyblastic, integrated, terminal and intercalary, non-cicatrized,
determinate, cylindrical, up to 18 gm long. Conidia solitary or in short basipetal chains,
simple, sub-spherical, smooth, aseptate, thick-walled, brown, 10-14 µm diam., with 2-3
germ pores.
Specimen examined: Fresh leaf of Achyranthes aspera; Mashem, Goa; 21.05.05; coll. by Gawas,
P.; Herb No. PG-0038; Isolated by 3-step sterilization method.

Gliocladium penicillioides Corda, 1840, Icon. fung. (Prague) 4: 31.

(Fig. 116)

Colonies effuse, off-white, fast growing. Mycelium partly superficial, partly
immersed, composed of branched, septate, hyaline, smooth, 1.5-2 gm thick hyphae.
Conidiophores macronematous, mononematous, straight to flexuous, profusely branched
form the base, penicillately branched at the apex, hyaline, smooth, 120-150 gm long.
Conidiogenous cells monophialidic, discrete, determinate, terminal and intercalary,
subulate to lageniform, 14-17 x 1.5-2 lim; collarette absent. Conidia glioid, simple,
obovoid to ellipsoidal, smooth, aseptate, hyaline, 3-4.5 x 2-2.5 µm with rounded ends.
Specimen examined: Leaf and stem litter of Andrographis paniculata; Mashem, Goa; 13.02.06;
coll. by Gawas, P.; Herb No. PG-0204; Isolated moist chamber incubation method.

Gliomastix luzulae (Fuckel) E.W. Mason ex S. Hughes, in Rimington, 1958, Can. J. Bot.
36: 769.

(Fig. 117)

Colonies effuse, off-white to pale brown later turning brown to black during
sporulation. Mycelium immersed. Conidiophores semi-macronematous, mononematous
arising in groups, unbranched, straight to flexuous, sub-hyaline, warted, 31-34 x 1.5-2
Conidiogenous cells monophialidic, integrated, terminal, determinate, cylindrical to
lageniform, 27-31 x 1.5-2 µm in broadest region with inconspicuous collarette. Conidia
catenate, in unbranched basipetal chains dry, simple, fusiform with truncate ends, smooth,
aseptate, dark brown to gray, forming a dark band at the point of attachment between two
conidia, 6.5-8.5 x 1.5-2 gm.

Specimen examined: Leaf and stem litter of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll.
by Gawas, P.; Herb No. PG-0736; Isolated by moist chamber incubation method.

Gliomastix musicola (Speg.) C.H. Dickinson, 1968, Mycol. Pap. 115: 8.

(Fig. 118)

Colonies effuse, brown, with abundant sporulation. Mycelium partly immersed,
partly superficial, branched, septate, sub-hyaline, smooth, 3.5-4 gm thick hyphae.

Conidiophores semi-macronematous, mononematous, unbranched, straight to flexuous,
sub-hyaline, finely verrucose, up to 17 gm long. Conidiogenous cells monophialidic,
integrated, determinate, terminal, cylindrical to subulate, sub-hyaline to pale brown with a
conspicuous collarette, 12-16 x 2.2-2.6 gm. Conidia catenate, in long basipetal
unbranched chains, acrogenous, simple, doliiform, aseptate, sub-hyaline when young,
brown when mature, 4-6 x 1.5-2.5 gm.
Specimen examined: Fresh leaf of Alstonia scholaris; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0288; Isolated by leaf washing method.

Gliomastix sp.1

(Fig. 119)

Colonies effuse, dark gray to black. Mycelium superficial, composed of branched,
hyaline, septate, smooth 2.4-2.6 gm thick mycelia, forming mycelial cords.

Conidiophores semi-macronematous, mononematous, unbranched, straight to flexuous,
hyaline to sub-hyaline, darker towards the apex, smooth, 24-40 x 2-2.5 gm at the base.

Conidiogenous cells monophialidic, integrated, determinate, terminal, cylindrical, 18-24 x
2-2.5 gm thickened at apex without any collarette. Conidia catenate, simple, obovoid,
smooth, aseptate, dark gray, 3-3.5 x 2-2.5 gm with the are between two conidia in a chain
appearing black.
Specimen examined: Fresh leaf of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas,
P.; Herb No. PG-0795; Isolated by 3-step sterilization method.

Gliomastix sp. 2

(Fig. 120)

Colonies effuse, brown with abundant sporulation.

Mycelium superficial.

Conidiophores semi-macronematous, mononematous, unbranched, straight to flexuous,
hyaline to sub-hyaline, smooth, 15-26 x 1-1.5 gm. Conidiogenous cells monophialidic,
integrated, determinate, terminal, cylindrical, hyaline to sub-hyaline, 12-22 x 1-1.5 gm;
collarette absent. Conidia catenate, in long, unbranched chains, simple, dolliform to
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Fig. 112: Fusarium moniliforme
Fig. 113: Fusarium oxysporum
Fig. 114: Fusarium subglutinans
Fig. 115: Gilmaniella multiporosa
Fig. 116: Gliocladium penicillioides
Fig. 117: Gliomastix luzulae
Fig. 118: Gliomastix musicola
Fig. 119: Gliomastix sp. 1
Fig. 120: Gliomastix sp. 2
Fig. 121: Gonatobotryum apiculatum
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fusiform with truncate ends, smooth, aseptate, sub-hyaline when young becoming pale
brown at maturity, 3.2-4.8 x 1.5-2.4 um.
Specimen examined: Fresh leaf of Semecarpus anacardium; Colem, Goa; 07.05.06; coll. by
Gawas, P.; Herb No. PG-0926; Isolated by 3-step sterilization method.

Gonatobotryum apiculatum (Peck) S. Hughes, 1953, Can. J. Bot. 31: 594.

(Fig. 121)

Colonies effuse, brown. Mycelium immersed. Conidiophores macronematous,
mononematous, unbranched, straight to flexuous, brown, smooth, proliferating, forming
terminal and intercalary nodose conidiogenous cells, up to 320 um long , 6-9 1.tm wide.
Conidiogenous cells cylindrical with swollen conidiogenous ampulae, polyblastic,
integrated, percurrent, terminal, becoming intercalary, cicatrized, spherical to subspherical, up to 30 µm long, 8-12 µm in diam. Conidia catenate, in basipetal unbranched
chains, dry, acropleurogenous, simple, limoniform to broadly fusiform, smooth, aseptate,
pale to mid-brown, 4.5-7 x 2.5-4.5 um.
Specimens examined: (i) Fresh root of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG-0713; Isolated by 3-step sterilization method; (ii) Leaf litter of Aegle
marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.; Herb No. PG-0115; Isolated by moist
chamber incubation method.

Graphium penicillioides Corda, 1837, Icon. fung. (Prague) 1: 18.
Colonies

effuse, pale brown.

Mycelium

immersed.

(Fig. 122)
Conidiophores

macronematous, synnematous, capped with slimy heads; individual threads narrow, pale
brown, smooth, branched at the apex, 70-160 µm long, stipe 11-15 inn broad at the base.
Conidiogenous cells monoblastic, integrated, terminal, percurrent, cylindrical, 7.5-8.5 x
1-1.4 um. Conidia glioid, solitary, acrogenous, simple, ellipsoidal to cylindrical with
rounded apex and truncate base, smooth, aseptate, hyaline at first later becoming pale
brown, darker at the base, eguttulate, 4.2-6 x 2-3 µm in the broadest region, 1-2 um at
the base.
Specimens examined: (i) Fresh leaf of Piper betle; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0849; Isolated by 3-step sterilization method; (ii) Fresh leaf of Piper betle; Colem,
Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0860; Isolated by 3-step sterilization method;
(iii) Fresh leaf of Piper betle; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0869;
Isolated by 3-step sterilization method.

Hansfordia pulvinata (Berk. & M.A. Curtis) S. Hughes, 1958, Can. J. Bot. 36: 771.
(Fig. 123)
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Colonies effuse, pale brown. Mycelium immersed, composed of branched, septate,
hyaline, smooth, 1.5-2 gm thick hyphae. Conidiophores macronematous, mononematous,
growing in groups, branched, sub-hyaline to pale brown, straight to flexuous, smooth,
apex usually fertile, sometimes setiform, up to 600 gm long x 3-3.5 pm thick.
Conidiogenous cells polyblastic, discrete in groups of 3-4, integrated when terminal,
discrete when intercalary, sympodial, denticulate, cylindrical, smooth, 8-14 x 2-2.5 gm
thick. Denticles concentrated towards the apical region to give the developing spores a
rosette-like appearance. Conidia solitary, dry, acropleurogenous, simple, spherical to subspherical, with remnant of the conidiogenous cell at the point of attachment, minutely
verruculose, aseptate, sub-hyaline, 5-6gm in diam.
Specimens examined: (i) Leaf litter of Aegle marmelos; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0109; Isolated by moist chamber incubation method; (ii) Leaf litter of Aegle
marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.; Herb No. PG-0113; Isolated by moist
chamber incubation method; (iii) Leaf litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll.
by Gawas, P.; Herb No. PG-0274; Isolated by moist chamber incubation method; (iv) Leaf litter
of Alstonia scholaris; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0302; Isolated by
particle plating method; (v) Leaf and stem litter of Hemidesmus indicus; Colem, Goa; 07.05.06;
coll. by Gawas, P.; Herb No. PG-0732; Isolated by moist chamber incubation method; (vi) Leaf
and stem litter of Piper belle; Colem, Goa; 12.03.05; coll. by Gawas, P.; Herb No. PG-0885;
Isolated by moist chamber incubation method; (vii) Leaf litter of Syzygium cumini; Colem, Goa;
13.03.05; coll. by Gawas, P.; Herb No. PG-1015; Isolated by moist chamber incubation method;
(viii) Leaf litter of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG1023; Isolated by moist chamber incubation method.

Mariannaea camptospora Samson, 1974, Stud. Mycol. 6: 78.
Colonies effuse, off-white. Mycelium

(Fig. 124)

partly immersed, partly superficial,

composed of septate, branched, hyaline, smooth, 2-2.5c thick hyphae. Conidiophores
macronematous, mononematous, often dichotomously branched, many a times in
verticels, erect, straight to flexuous, hyaline, smooth, 160-290 x 2.4-2.8 gm thick.
Conidiogenous cells discrete, 18-28 x 2-2.4 gm, subulate, smooth, hyaline. Conidia
simple, glioid, ellipsoidal, curved to reniform, smooth, aseptate, guttulate, hyaline, 5-7.6 x
2.4-2.8 gm, pale brown in mass.
Specimen examined: Fresh leaf of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas,
P.; Herb No. PG-1100; Isolated by 3-step sterilization method.

Memnoniella echinata (Rivolta) Galloway, 1933, Trans. Br. mycol. Soc. 18(2): 165.
(Fig. 125)
Colonies punctiform, gray to black. Mycelium

immersed.

Conidiophores

macronematous, mononematous, arising in groups, unbranched, straight to flexuous, pale
to mid gray, darker towards the apex, smooth, 30-130 x 2.5-3.5 gm, apex slightly swollen
(4.2-6 gm), uniseptate, septa towards the base, verruculose towards the base.
Conidiogenous cells monophialidic, discrete, in groups of 4-11, determinate, clavate,
smooth, pale to dark gray, with a narrow conspicuous collarette, 7.5-10 x 3-3.8 gm in the
broadest region. Conidia catenate, dry, simple, spherical, dorsiventrally slightly flattened,
aseptate, dark gray to black, echinate, 4-5 gm in diam.
Specimens examined: (i) Leaf litter of Justicia adhatoda; Colem, Goa; 26.04.06; coll. by Gawas,
P.; Herb No. PG-0361; Isolated by moist chamber incubation method; (ii) Leaf litter of Justicia
adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0362; Isolated by moist
chamber incubation method; (iii) Leaf and stem litter of Emblica officinalis; Colem, Goa;
18.02.05; coll. by Gawas, P.; Herb No. PG-0552; Isolated by moist chamber incubation method;
(iv) Leaf and stem litter of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.;
Herb No. PG-0968; Isolated by moist chamber incubation method; (v) Leaf litter of Syzygium
cumini; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-1020; Isolated by moist chamber
incubation method; (vi) Leaf and stem litter of Strychnos nux vomica; Colem, Goa; 11.12.04; coll.
by Gawas, P.; Herb No. PG-1120; Isolated by moist chamber incubation method.
-

(Fig. 126)

Menisporopsis sp.

Colonies effuse, thin. Mycelium partly immersed, partly superficial. Setae unbranched,
dark brown, smooth, 6-10-septate, solitary, rounded at the apical tip, located in the centre
surrounded in the lower region be the compactly arranged conidiophores, 200-235 x 4-4.5
gm. Conidiophores macronematous, synnematous. Synnemata determinate, brown, 16-22
tm wide; individual threads, unbranched, pale brown, straight to flexuous, smooth,
septate, compactly arranged in the lower region loosening towards the apex, 135-160 x 34 tim. Conidiogenous cells monophialidic, integrated, terminal, determinate, cylindrical,
with a conspicuous collarette. Conidia glioid, semi-endogenous, fusiform with rounded
ends, slightly curved, aseptate, hyaline, smooth, guttulate, appendaged, 18-22 x 3-4 tim.
Appendages one at each end, 5-6.5 gm long.
Specimen examined: Fresh stem of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0603; Isolated by 3-step sterilization method.
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Molliardiomyces coccineus Paden, 1984, Can. J. Bot. 62(3): 212.

Colonies

effuse white.

Mycelium

(Fig. 127)

partly immersed, partly superficial.

Conidiophores semi-macronematous, mononematous, unbranched to branched, straight to
flexuous, hyaline, smooth. Conidiogenous cells monoblastic, integrated, percurrent, noncicatrized, terminal, cylindrical, hyaline. Conidia solitary, dry, simple, oblong to
ellipsoidal, rounded at apex, truncate at base, smooth, aseptate, hyaline, vacuolate, 12-15
x 3.5-4.2 gm.
Specimens examined: (i) Fresh leaf of Alstonia scholaris; Colem, Goa; 11.01.05; coll. by Gawas,
P.; Herb No. PG-0243; Isolated by 3-step sterilization method; (ii) Fresh stem of Alstonia
scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0261; Isolated by 3-step
sterilization method; (iii) Leaf litter of Alstonia scholaris; Colem, Goa; 11.01.05; coll. by Gawas,
P.; Herb No. PG-0294; Isolated by particle plating method; (iv) Leaf litter of Garcinia indica;
Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0664; Isolated by particle plating
method.

Mycogone sp.

(Fig. 128)

Colonies effuse, off-white. Mycelium partly immersed, partly superficial,
composed of branched, septate, hyaline, smooth, 1.5-1.8 gm thick hyphae. Conidiophores
2 types: 1. micronematous, mononematous, unbranched, hyaline, smooth; 2.
micronematous to semi-macronematous, mononematous, unbranched to rarely branched,
hyaline smooth, up to 200 gm long, 2-2.5 gm thick. Conidiogenous cells 2 types: 1.
monoblastic, determinate, short. 2. monophialidic, discrete, in verticels, determinate,
terminal and intercalary, lageniform to subulate,l 1-14 x 2-3; collarette absent. Conidia 2
types: 1. aleuriospores, blastospores, solitary, simple, acrogenous, uniseptate, euseptate,
13-16 x 5.5-8.5 gm; upper cell warted, hyaline to sub-hyaline, 8-9 x 7.5-8.5 gm; lower
cell smooth when young, later becoming warted, hyaline, slightly smaller than the upper
cell. 2. Phialospores glioid, simple, spherical, finely verruculose, glioid, hyaline, aseptate,
constricted at the septa, 2.8-3.4 gm in diam.
Specimen examined: Fresh root of Hemidesmus indicus; Colem, Goa; 15.08.04; coll. by Gawas,
P.; Herb No. PG-0686; Isolated by 3-step sterilization method.

Myrothecium roridum Tode, 1790, Fung. mecklenb. sel. (Luneburg) 1: 25.

(Fig. 129)

Colonies off-white turning dark green to black in patches at maturity. Setae up to
170 gm x 2-2.5 gm, hyaline, aseptate. Conidiophores macronematous, sporodochial.
Sporodochia sessile, up to 450 gm. diam., confluent; individual threads penicillately
branched, hyaline to sub-hyaline, smooth. Conidiogenous cells monophialidic, discrete,

determinate, terminal and intercalary, cylindrical; collarette absent.

Conidia solitary,

glioid, simple, cylindrical with rounded ends, smooth, aseptate, pale to olive green, 4.56.5 x 1.2-1.8 gm.
Specimens examined: (i) Fresh stem of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0151; Isolated by 3-step sterilization method; (ii) Fresh leaf of Centella
asiatica; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0430; Isolated by leaf
washing method; (iii) Fresh leaf of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas,
P.; Herb No. PG-0799; Isolated by 3-step sterilization method, (iv) Leaf and stem litter of
Ocimum tenuiflorum; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-0809; Isolated by
moist chamber incubation method; (v) Leaf and stem litter of Strychnos nux-vomica; Colem, Goa;
11.12.04; coll. by Gawas, P.; Herb No. PG-I121; Isolated by moist chamber incubation method.

Myrothecium sp.

(Fig. 130)

Colonies effuse, off-white, turning dark green to black in patches at maturity.

Mycelium partly immersed, partly superficial, composed of hyaline, smooth, 1.5-1.8 .tm
thick hyphae. Setae unbranched, septate, pale green, flexuous.

Conidiophores

macronematous, sporodochial. Sporodochia sessile, dark green to black, less than 1 mm
in diam. surrounded by curved, verrucose, sub-hyaline, sterile hyphae; individual threads
penicillately branched, straight to flexuous, sub-hyaline to olive green, smooth.

Conidiogenous cells monophialidic, discrete, determinate, terminal, cylindrical, 35-45 x
1-1.5 gm; collarette absent. Conidia in slimy mass, appearing dark green to black, simple,
fusiform, truncate at both ends, smooth, aseptate, pale to olive green, 5-7.5 x 2-2.5 gm.
Specimens examined: (i) Leaf and stem litter of Achyranthes aspera; Colem, Goa; 14.01.05; coll.
by Gawas, P.; Herb No. PG-0043; Isolated by moist chamber incubation method; (ii) Leaf and
stem litter of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No. PG-0053;
Isolated by particle plating method.

Nigrospora oryzae (Berk. & Broome) Petch, 1924, J. Indian bot. Soc. 4: 24.

(Fig. 131)

Colonies effuse, initially white turning brown to black in patches after sporulation.
Mycelium partly immersed, partly superficial, branched, septate, hyaline, 1.5-2 .tm thick
hyphae. Conidiophores micronematous to semi-macronematous, branched, flexuous, pale
brown, smooth. Conidiogenous cell monoblastic, discrete, determinate, sub-globose to
globose, hyaline, non-cicatrized, 8-9.5 x 6-8 gm. Conidia solitary, acrogenous, simple,
single, spherical, dorsiventrally flattened, smooth, shiny, aseptate, black, 12-15 gm diam.,
9.5-11.5 gm high.
Specimens examined: (i) Fresh leaf of Alstonia scholaris; Colem, Goa; 01.05.06; coll. by Gawas,
P.; Herb No. PG-0246; Isolated by 3-step sterilization method; (ii) Fresh leaf of Alstonia
scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0251; Isolated by 3-step
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sterilization method; (iii) Fresh leaf of Cymbopogon citratus; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0440; Isolated by 3-step sterilization method; (iv) Fresh stern of
Strychnos nux-vomica; Colem, Goa; 22.02.05; coll. by Gawas, P.; Herb No. PG-1075; Isolated by
3-step sterilization method; (v) Fresh stem of Strychnos nux-vomica; Mashem, Goa; 25.02.05;
coll. by Gawas, P.; Herb No. PG-1103; Isolated by 3-step sterilization method; (vi) Bark of
Strychnos nux-vomica; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-1109; Isolated
by 3-step sterilization method.

Nigrospora sacchari (Speg.) E.W. Mason, 1927, Trans. Br. mycol. Soc. 12: 161.
(Fig. 132)
Colonies effuse, white, slow growing. Mycelium

immersed, composed of

branched, septate, hyaline to sub-hyaline, smooth 2.5-3 tm thick hyphae. Conidiophores
micronematous to semi-macronematous, mononematous, branched, hyaline, smooth.
Conidiogenous cells monoblastic, determinate, integrated, hyaline, sub-spherical, 12-16
tm in diam. Conidia solitary, dry, acrogenous, simple, spherical, smooth, aseptate, dark
brown to black, 16-25 tm in diam.
Specimen examined: Bark of Syzygium cumini; Mashem, Goa; 12.05.05; coll. by Gawas, P.; Herb
No. PG-1003; Isolated by 3-step sterilization method.

Oidiodendron cereale (Thum.) G.L. Barron, 1962, Can. J. Bot. 40: 594.

(Fig. 133)

Colonies effuse, brown. Mycelium partly immersed, partly superficial composed
of branched septate, olivaceous brown, smooth, hyphae. Conidiophores macronematous,
mononematous, branched towards the apex, straight to flexuous, olivaceous brown, finely
verrucose, up to 240 tm long, 3-3.5 tm wide. Conidiogenous cells arthric, integrated,
terminal on main axis and branches, determinate, cylindrical. Conidia catenate, dry,
schizogenous, simple, spherical to ovoid, smooth, linked by narrow connectives, thickwalled, aseptate, olivaceous brown, 2-2.5 x 1.5-2 tm.
Specimen examined: Bark of Garcinia indica; Mashem, Goa; 26.04.05; coll. by Gawas, P.; Herb
No. PG-0621; Isolated by 3-step sterilization method.

Paecilomyces farinosus (Holmsk.) A.H.S. Br. & G. Sm., 1957, Trans. Br. mycol. Soc. 40:
50.

(Fig. 134)
Colonies effuse, off- white. Mycelium partly superficial, partly immersed,

composed of profusely branched, septate, smooth, hyaline 2-2.5 tm thick hyphae.
Conidiophores macronematous, mononematous, arising in groups, branched repeatedly,
straight to flexuous, hyaline, smooth, up to 120 tm long x 2-2.5 tm wide. Conidiogenous
cells 7-10 x 2-2.5 tm, monophialidic, terminal and intercalary, integrated at apex of
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Fig. 122: Graphium penicillioides
Fig. 123: Hansfordia pulvinata
Fig. 124: Mariannaea camptospora
Fig. 125: Memnoniella echinata
Fig. 126: Menisporopsis sp.
Fig. 127: Molliardiomyces coccineUs
Fig. 128: Mycogone sp.
Fig. 129: Myrothecium roridum
Fig. 130: Myrothecium sp.
Fig. 131: Nigrospora oryzae
Fig. 132: Nigrospora sacchari
Fig. 133: Oidiodendron cereale
Fig. 134: Paecilomyces farinosus
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main axis and branches, discrete when intercalary, arising in groups of 6-7, determinate,
lageniform, with a narrow conspicuous collarette.

Conidia catenate, dry, semi-

endogenous, simple, oval to spherical, smooth, aseptate, hyaline to sub-hyaline, 2-3 gm in
diam.
Specimens examined: (i) Fresh root of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0679; Isolated by 3-step sterilization method; (ii) Fresh root of
Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0712; Isolated by
3-step sterilization method.

Paecilomyces javanicus (Friedrichs & Bally) A.H.S. Br. & G. Sm., 1957, Trans. Br.
mycol. Soc. 40: 65.

(Fig. 135)

Colonies effuse, white. Mycelium partly immersed, partly superficial, composed
of profusely branched, septate, smooth, hyaline, 1.5-3 gm thick hyphae. Conidiophores
macronematous, mononematous, arising in groups, branched towards the apex, erect,
straight to flexuous, hyaline, smooth, 140-230 x 2.5-3 gm with a slightly swollen apex.
Conidiogenous cells 8-14 x 1.5-2.5 gm, monophialidic, terminal, on main axis, discrete,
in groups of 3-5, determinate, lageniform, hyaline, with a narrow conspicuous collarette.
Conidia catenate, dry, simple, limoniform to broadly fusiform, truncate at both ends,
smooth, aseptate, hyaline to sub-hyaline, 3-6 x 1.5-2.2
Specimens examined: (i) Fresh leaf of Centella asiatica; Mashem, Goa; 28.12.04; coll. by Gawas,
P.; Herb No. PG-0427; Isolated by leaf washing method; (ii) Leaf litter of Garcinia indica;
Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-0663; Culture No. GUFCC 4970;
Isolated by particle plating method, (iii) Fresh stem of Hemidesmus indicus; Colem, Goa;
18.02.05; coll. by Gawas, P.; Herb No. PG-0704; Isolated by 3-step sterilization method; (iv)
Fresh root of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG0715; Isolated by 3-step sterilization method; (v) Fresh leaf of Hemidesmus indicus; Mashem,
Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0748; Isolated by leaf washing method; (vi)
Fresh stem of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG0793; Isolated by 3-step sterilization method; (vii) Fresh root of Piper betle; Colem, Goa;
10.01.05; coll. by Gawas, P.; Herb No. PG-0839; Isolated by 3-step sterilization method; (viii)
Leaf litter of Piper betle; Colem, Goa; 02.03.05; coll. by Gawas, P.; Herb No. PG-0904; Isolated
by particle plating method.

Paecilomyces lilacinus (Thom) Samson, 1974, Stud. Mycol. 6: 58.

(Fig. 136)

Colonies effuse, white, turning blue to gray during sporulation. Mycelium partly
immersed, partly superficial, composed of profusely branched, smooth, septate, hyaline,
2.4-2.8 gm thick hyphae. Conidiophores in groups, unbranched, erect, straight to
flexuous, pale brown, smooth, septate, granular at apex, up to 650 gm long, 3-3.8 gm
wide. Metulae present, arranged in verticels on the main stipe, clavate, rough walled, pale
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brown, 7.5-9.5 x 2-2.4 1.1m. Conidiogenous cells 6.3-8.4 tim long, 2.2-2.5 1.1m wide at the
broadest region, monophialidic, discrete, arranged in groups on the metulae, determinate,
lageniform, sub-hyaline, with tubular neck. Conidia solitary, dry, simple, ovoid to
ellipsoidal, smooth, aseptate, pale brown, 2-2.4 x 1.6-2 tim.
Specimens examined: (i) Fresh leaf of Cymbopogon citratus; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0463; Isolated by 3-step sterilization method; (ii) Fresh leaf of
Cymbopogon citratus; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No. PG-0489; Isolated by
leaf washing method; (iii) Fresh leaf of Cymbopogon citratus; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0492; Isolated by leaf washing method; (iv) Leaf litter of Cymbopogon
citratus; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0497; Isolated by particle
plating method; (v) Fresh leaf of Emblica officinalis; Colem, Goa; 21.11.05; coll. by Gawas, P.;
Herb No. PG-0535; Isolated by 3-step sterilization method; (vi) Leaf litter of Emblica officinalis;
Mashem, Goa; 24.10.04; coll. by Gawas, P.; Herb No. PG-0573; Isolated by particle plating
method; (vii) Fresh leaf of Strychnos nux-vomica; Colem, Goa; 22.02.05; coll. by Gawas, P.; Herb
No. PG-1069; Isolated by 3-step sterilization method; (viii) Bark of Strychnos nux-vomica;
Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1107; Isolated by 3-step sterilization
method; (ix) Leaf litter of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb
No. PG-1139; Isolated by particle plating method; (x) Fresh stem of Semecarpus anacardium;
Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb No. PG-0940; Isolated by 3-step sterilization
method.

Penicillium chrysogenum Thom, 1910, Bulletin of the U.S. Department of Agriculture,
Bureau Animal Industry 118: 58. var. chrysogenum

(Fig. 137)

Colonies effuse, bluish green. Mycelium partly immersed, partly superficial,
profusely branched with smooth, septate, sub-hyaline hyphae.

Conidiophores

macronematous, mononematous, in groups, branched, terverticillate, erect, straight to
flexuous, sub-hyaline to pale brown, granular towards the apex, 200-320 x 2.5-3 1.1m with
slightly swollen apex. Metulae smooth, clavate to cylindrical, sub-hyaline, 8-11 x 2-2.5
gm. Conidiogenous cells monophialidic, discrete, determinate, sub-hyaline, borne in
groups of 6-8, finely verruculose, lageniform with a narrow neck and inconspicuous
collarette, 8-10 x 1.5-2 1.1m. Conidial heads pale green, radiating. Conidia catenate, dry,
simple, globose, smooth, aseptate, 2-3.5 gm in diam.
Specimens examined: (i) Fresh root of Hemidesmus indicus; Mashem, Goa; 16.03.06; coll. by
Gawas, P.; Herb No. PG-0718; Isolated by 3-step sterilization method; (ii) Leaf litter of Alstonia
scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0306; Isolated by particle
plating method; (iii) Leaf litter of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0630; Isolated by moist chamber incubation method; (iv) Fresh leaf of Piper betle;
Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0895; Isolated by leaf washing method;
(v) Fresh leaf of Piper betle; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0909;
Isolated by leaf washing method; (vi) Fresh leaf of Syzygium cumini; Colem, Goa; 01.05.06; coll.
by Gawas, P.; Herb No. PG-1026; Isolated by leaf washing method.
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Penicillium citrinum Thom, 1910, Bulletin of the U.S. Department of Agriculture,
Bureau Animal Industry 118: 61.

(Fig. 138)

Colonies effuse, off-white, turning green during sporulation, showing medium
growth. Mycelium partly immersed, partly superficial, composed of profusely branched,
septate, smooth, off-white hyphae. Conidiophores macronematous, mononematous,
growing in groups, penicillately branched towards the apex, erect, straight to flexuous,
pale green, verrucose, 180-300 urn long. Penicilli biverticillate, bearing 2-3 metulae.
Metulae finely verruculose, each bearing 3-56 conidiogenous cells at eth apex, 8-10 x 22.5 um. Conidiogenous cells monophialidic, discrete, determinate, lageniform, borne in
groups, 9-10 um long, with a narrow collarette. Conidia catenate, in unbranched,
basipetal chains, dry, simple, globose, aseptate, verrucose, greenish brown, 3-3.5 um in
diam.
Specimens examined: (i) Leaf and stem litter of Andrographis paniculata; Mashem, Goa;
16.03.05; coll. by Gawas, P.; Herb No. PG-0203; Isolated moist chamber incubation method; (ii)
Leaf litter of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0635;
Isolated by moist chamber incubation method; (iii) Fresh leaf of Strychnos nux-vomica; Colem,
Goa; 22.02.05; coll. by Gawas, P.; Herb No. PG-1129; Isolated by leaf washing method.

Penicillium implicatum Biourge, 1923, La Cellule 33(1): 278.

(Fig. 139)

Colonies effuse, off-white turning blue-green during sporulation, with medium
growth. Mycelium partly immersed, partly superficial, composed of profusely branched,

septate, smooth, off-white hyphae. Conidiophores macronematous, mononematous,
growing in groups, unbranched, monoverticillate, erect, straight to flexuous, sub-hyaline
to pale green, smooth, sometimes slightly granular, 90-190 x 2-2.5 um with a slightly
swollen apex. Metulae absent. Conidiogenous cells 5-10 x 1.5-2 um, monophialidic,
discrete, determinate borne at the apex of the conidiophore directly on the stipe,
lageniform, sub-hyaline to pale brown, borne in groups of 6-12, with a narrow neck and
an inconspicuous collarette. Conidia catenate, dry semi-endogenous, simple, sub-globose
to limoniform, smooth, aseptate, sub-hyaline, pale green in mass, 2-2.5 x 1.5-3-2 um.
Specimens examined: (i) Fresh root of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0676; Isolated by 3-step sterilization method; (ii) Fresh root of
Hemidesmus indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0687; Isolated by
3-step sterilization method; (iii) Fresh leaf of Hemidesmus indicus; Mashem, Goa; 28.12.04; coll.
by Gawas, P.; Herb No. PG-0746; Isolated by leaf washing method; (iv) Fresh leaf of Syzygium
cumini; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-1013; Isolated by 3-step
sterilization method; (v) Leaf litter of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas,
P.; Herb No. PG-1053; Isolated by particle plating method.
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Penicillium verrucosuin Dierckx, 1901, Annals de la Soc. Scientifique Bruxelles 25: 88.
(Fig. 140)
Colonies effuse, pale green. Mycelium partly immersed, partly superficial, smooth,
hyaline, 2-2.5 gm thick hyphae. Conidiophores macronematous, mononematous,
branched, terverticillate, erect, straight to flexuous, hyaline to sub-hyaline, granular
towards the upper region, 120-330 x 2.5-3 gm with a slightly swollen apex. Metulae
arranged in verticels of 3-5, cylindrical to clavate, hyaline to sub-hyaline, finely
verrucose, 8-18 x 2.5-3.8 gm, 4-4.6 gm at the apex. Conidiogenous cells monophialidic,
discrete, determinate, terminal, cylindrical with narrow apex, in groups of 5-9, outermost
ones slightly curved inwards, 7-12 x 2-2.2 gm. Conidial heads columnar, blue-green.
Conidia catenate, in unbranched, basipetal chains, dry, simple, globose, verrucose, subhyaline to pale green, aseptate, 2.5-3 gm in diam.
Specimens examined: (i) Fresh leaf of Achyranthes aspera; Colem, Goa; 17.10.05; coll. by
Gawas, P.; Herb No. PG-0016; Isolated by 3-step sterilization method; (ii) Litter of Emblica
officinalis; Mashem, Goa; 24.10.04; coll. by Gawas, P.; Herb No. PG-0557; Isolated by moist
chamber incubation method; (iii) Fresh leaf of Emblica officinalis; Mashem, Goa; 13.02.05; coll.
by Gawas, P.; Herb No. PG-0565; Isolated by leaf washing method.

Penicillium sp.1

(Fig. 141)

Colonies effuse, brown. Mycelium partly immersed, partly superficial, smooth, hyaline, 22.5 gm thick hyphae. Conidiophores macronematous, mononematous, asymmetrically
branched, sub-hyaline to pale brown, smooth, up to 120 x 1.5-2 gm. Metulae arranged in
verticels of 2-5 sometimes solitary on the main axis of the conidiophore, clavate to
cylindrical, sub-hyaline, smooth, 6.5-11 x 3.5-4 gm in the broadest region.
Conidiogenous cells monophialidic, discrete, determinate, terminal, cylindrical, discrete,
with a narrow apex, outer ones slightly curved inwards, 5.5-8.5 x 1.8-2.2 gm. Conidia
catenate, in unbranched basipetal chains, dry, sub-hyaline to pale brown, simple, globose
to limoniform, smooth, aseptate, 2-2.2 x 2-2.5 gm.
Specimens examined: (i) Fresh root of Achyranthes aspera; Mashem, Goa; 13.02.06; coll. by
Gawas, P.; Herb No. PG-0033; Isolated by 3-step sterilization method; (ii) Leaf and stem litter of
Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0966; Isolated
by moist chamber incubation method; (iii) Leaf litter of Semecarpus anacardium; Colem, Goa;
11.12.04; coll. by Gawas, P.; Herb No. PG-0972; Isolated by particle plating method; (iv) Fresh
leaf of Semecarpus anacardium; Colem, Goa; 11.04.05; coll. by Gawas, P.; Herb No. PG-0977;
Isolated by leaf washing method; (v) Fresh leaf of Achyranthes aspera; Mashem, Goa; 10.01.05;
coll. by Gawas, P.; Herb No. PG-0050; Isolated by leaf washing method.

—120—

Penicilliuin sp.2

(Fig. 142)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial, smooth,
hyaline, 2-2.5 tm thick hyphae. Conidiophores macronematous, mononematous,
symmetrically branched, sub-hyaline to pale brown, smooth, up to 180 x 3.5-4.5 um.
Metulae arranged in verticels of 2-4 on the main axis of the conidiophore, clavate to
cylindrical, sub-hyaline, smooth, 10-14 x 3.5-4 i_tm in the broadest region. Conidiogenous
cells monophialidic, discrete, determinate, terminal, cylindrical, discrete, with a narrow
apex, 10-14 x 1.5-2

Conidia catenate, in unbranched basipetal chains, dry, hyaline to

sub-hyaline, simple, globose to limoniform, smooth, aseptate, 1.5-2 tm diam.
Specimens examined: (i) Leaf litter of Aegle marmelos; Colem, Goa; 01.05.06; coll. by Gawas,
P.; Herb No. PG-0111; Isolated by moist chamber incubation method; (ii) Fresh leaf of Justicia
adhatoda; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0381; Isolated by leaf
washing method; (iii) Fresh leaf of Aegle marmelos; Colem, Goa; 18.02.05; coll. by Gawas, P.;
Herb No. PG-0119; Isolated by leaf washing method.

Periconia cookei E.W. Mason & M.B. Ellis, 1953, Mycol. Pap. 56: 72.

(Fig. 143)

Colonies effuse, olivaceous to dark brown. Mycelium partly immersed, partly
superficial, composed of branched, septate, smooth, pale brown, 1.5-2 tm thick hyphae.
Stroma present, pseudoparenchymatous, dark brown. Conidiophores macronematous,
mononematous, unbranched, straight to flexuous, brown, 5-10 septate, smooth, verrucose
towards the apex, 830-1300 x 9-13 um, ending towards the apex in a spherical head.
Conidiogenous cells holoblastic, monoblastic, polyblastic, discrete, determinate, terminal,
spherical to sub-spherical, 8-101.1M in diam. Conidia solitary, aggregated at the apex, dry,
simple, spherical, echinulate, aseptate, pale to dark brown, 12-15 i_tm in diam.
Specimens examined: (i) Leaf litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0272; Isolated by moist chamber incubation method; (ii) Leaf and stem
litter of Centella asiatica; Colem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0418; Isolated
by moist chamber incubation method; (iii) Leaf litter of Cymbopogon citratus; Mashem, Goa;
18.01.05; coll. by Gawas, P.; Herb No. PG-0481; Isolated by moist chamber incubation method;
(iv) Leaf and stem litter of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.;
Herb No. PG - 0813; Isolated by moist chamber incubation method.

Periconia digitata (Cooke) Sacc., 1886, Syll. fung. (Abellini) 4: 274.

(Fig. 144)

Colonies effuse, brown. Mycelium immersed. Stroma pseudoparenchymatous,
pale to mid brown. Conidiophores macronematous, mononematous, branched the apex,
straight to flexuous, 8-12-septate, smooth, mid-brown at the apex, darker towards the
base, 630-735 long, 20-25 um at the base, 7-7.5 tm at the apex; branches short, up to 30
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gm long. Conidiogenous cells monoblastic, discrete, determinate, non-cicatrized,
terminal, spherical to sub-spherical, mid-brown, 8.5-9 gm in diam. Conidia catenate, in
basipetal chains, dry, simple, spherical, verruculose, aseptate, mid-brown, 8.5-10.5,
echinulate, growing in basipetal succession, aseptate, mid-brown, 8.5-10.5 gm in diam.
Specimen examined: Fresh leaf of Cymbopogon citratus; Colem, Goa; 13.03.05; coil. by Gawas,
P.; Herb No. PG-0459; Isolated by 3-step sterilization method.

Periconia laminella E.W. Mason & M.B. Ellis, 1953, Mycol. Pap. 56: 120.

(Fig. 145)

Colonies effuse, brown. Mycelium superficial, composed of branched, septate,
smooth to finely verruculose, pale brown, 1.5-2 gm thick hyphae.

Conidiophores

macronematous, mononematous, branched at the apex, straight to flexuous, brown,
smooth, 70-150 x 3-3.5 gm, arising singly or in groups of 2-5. Conidiogenous cells
polyblastic, discrete, determinate, terminal on the main stipe and branches, ellipsoidal to
globose. Conidia dry, simple, globose, echinulate, growing in basipetal succession,
aseptate, brown, 8-11 gm in diam.
Specimen examined: Bark of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb
No. PG-0582; Culture No. GUFCC 4976; Isolated by 3-step sterilization method.

Phaeoisaria glauca (Ellis & Everh.) de Hoog & Papendorf, 1976, Persoonia 8(4): 413.
(Fig. 146)

Colonies effuse, brown. Mycelium immersed. Conidiophores macronematous,
synnematous, straight to flexuous; individual threads pale brown, branched towards the
apex, smooth, 1.5-2.5 gm thick. Synnemata indeterminate, up to 1.5 mm long, 12.5-21
pm broad. Conidiogenous cell polyblastic, integrated, terminal, sympodial, denticulate,
cylindrical, growing outwardly from the synnemata, pale brown; denticles cylindrical.

Conidia solitary, dry, acropleurogenous, simple, smooth, aseptate, sub-hyaline to pale
brown, ellipsoidal to obovoid with rounded apex and truncate, thickened base, 3.2-4.2
long, 2-2.5 gm wide at base.
Specimen examined: Fresh leaf of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0645; Isolated by leaf washing method.

Phaeostalagmus novae-zelandiae S. Hughes, 1978, 1978, N.Z. Jl Bot. 16(3): 341.
(Fig. 147)

Colonies effuse, brown. Mycelium partly superficial, partly immersed composed
of branched, hyaline, smooth, septate hyphae.
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Conidiophores macronematous,

mononematous, branched towards the apex, straight to flexuous, pale to olivaceous
brown, smooth, 400-650 gm long. Conidiogenous cells monophialidic, discrete,
determinate, verticillately arranged, lageniform, 8-12 x 3-3.5 gm; with a conspicuous
collarette. Conidia glioid, simple, broadly fusiform, smooth, aseptate, pale brown, 5-7 x
3-3.5 gm.
Specimen examined: Leaf and stem litter of Centella asiatica; Colem, Goa; 24.01.05; coll. by
Gawas, P.; Herb No. PG-0417; Isolated by moist chamber incubation method.

Phaeotrichoconis crotalariae (M.A. Salam & P.N. Rao) Subram., 1956, 1 Indian bot.
Soc. 33: 190-1.

(Fig. 148)

Colonies effuse, brown. Mycelium partly immersed, partly superficial, 3-3.5 p.m
thick hyphae. Conidiophores semi-macronematous, mononematous, unbranched, straight
to flexuous, mid brown, 2-5 septate, smooth at the base, verrucose at the apex, 50-110 x
4-5 p.m. Conidiogenous cells monotretic, integrated, determinate, terminal, cicatrized,
cylindrical, 7-30 x 4-5.5 gm. Conidia solitary, dry, acrogenous, simple, smooth, 6-7
euseptate, pale brown, obclavate to fusiform with a narrow pointed beak at the apex, 45100 x 11-18 p.m; conidial beak filiform, septate, hyaline, pointed at the apex; hilum
protruding, truncate.
Specimen examined: Fresh leaf of Achyranthes aspera; Mashem, Goa; 21.05.05; coll. by Gawas,
P.; Herb No. PG-0039; Culture No.: GUFCC 4955; Isolated by 3-step sterilization method.

Phialocephala sp.
Colonies

(Fig. 149)
effuse, gray to brown.

Mycelium

immersed.

Conidiophores

macronematous, mononematous, branched towards the apex, straight to flexuous, grayish
brown, smooth at the base, finely verrucose at the apex, 48-64 x 2-2.5 gm. Conidiogenous
cells monophialidic, discrete, in groups of 2-4, arranged penicillately at the apex of the
branches, terminal, determinate, sometimes proliferating, lageniform verticillately
arranged, lageniform, with a tubular neck and a flared collarette, 12-17 long, 3-3.5 pm in
the broadest region; tubular region smooth, 47.2-8.4 x 1.5-2 gm. Conidia in slimy heads,
endogenous to semi-endogenous, simple cylindrical, truncate at both ends, smooth,
septate, hyaline, 4.5-6.5 x 1-1.5 p.m.
Specimen examined: Leaf litter of Cymbopogon citratus; Colem, Goa; 01.05.06; coll. by Gawas,
P.; Herb No. PG-0480; Isolated by moist chamber incubation method.
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Fig. 135: Paecilomyces javanicus
Fig. 136: Paecilomyces lilacinus
Fig. 137: Penicillium chrysogenum
Fig. 138: Penicillium citrinum
Fig. 139: Penicillium implicatum
Fig. 140: Penicillium verrucosum
Fig. 141: Penicillium sp. 1
Fig. 142: Penicillium sp.2
Fig. 143: Periconia cookei
Fig. 144: Periconia digitata
Fig. 145: Periconia laminella
Fig. 146: Phaeoisaria glauca
Fig. 147: Phaeostalagmus novae-zelandiae
Fig. 148: Phaeotrichoconis crotalariae
Fig. 149: Phialocephala sp.
Fig. 150: Phialophora sp.
Fig. 151: Pithomyces chartarum
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Phialophora sp.
Colonies

(Fig. 150)
effuse, brown.

Mycelium

partly immersed, partly superficial.

Conidiophores semimacronematous, mononematous, branched more towards the apical
region, straight to flexuous, smooth, septate, sub-hyaline to pale brown, up to 80 gm long,
1.5-2 gm thick. Conidiogenous cells monophialidic, discrete, integrated when terminal,
determinate, lageniform, sub-hyaline to pale brown, with conspicuous collerette, 5.5-10 x
2-2.5 gm in the broadest region. Conidia glioid, semi-endogenous, aseptate, spherical to
sub-spherical, sub-hyaline to pale brown, smooth, 3-4.5 gm diam.
Specimen examined: Fresh root of Andrographis paniculata; Colem, Goa; 01.05.06; coll. by
Gawas, P.; Herb No. PG-0147; Isolated by 3-step sterilization method.

Pithomyces chartarum (Berk. & M.A. Curtis) M.B. Ellis, 1960, Mycol. Pap. 76: 13.
(Fig. 151)
Colonies punctiform, white, turning brown to black during sporulation. Mycelium
superficial, hyaline, branched, 1.5-2 gm thick hyphae. Conidiophores micronematous,
hyaline, smooth. Conidiogenous cells monoblastic, integrated, determinate. Conidia
solitary, dry, simple, obovoid, smooth when young becoming minutely verrucose at
maturity, with several transverse and a few longitudinal or oblique septa, euseptate,
constricted at the transverse septa, brown, 20-23 x13.5-15 gm; cessation rhexolytic.
Specimens examined: (i) Bark of Alstonia scholaris; Mashem, Goa; 13.02.06; coll. by Gawas, P.;
Herb No. PG-0259; Isolated by 3-step sterilization method; (ii) Leaf litter of Alstonia scholaris;
Mashem, Goa; 16.03.05; coll. by Gawas, P.; Herb No. PG-0301; Isolated by particle plating
method.

(Fig. 152)

Pithomyces sp.

Colonies effuse brown, scarcely sporulating in culture. Mycelium partly immersed,
partly superficial, hyaline to pale brown, branched, 2.2-2.8 gm thick hyphae.
Conidiophores micronematous, pale brown, unbranched, smooth. Conidiogenous cells
monoblastic, integrated, determinate cylindrical non-cicatrized. Conidia solitary, dry,
simple, obpyriform with a short beak, smooth, muriform, euseptate, dark brown to black
at the base, paler at beak, thick-walled, 110-145 gm (total length); body 70-78 x 30-33
gm; beak 56-65 x 5-6 gm; cessation rhexolytic.
Specimen examined: Fresh leaf of Alstonia scholaris; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0287; Isolated by leaf washing method.
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Plectosporium tabacinum (J.F.H. Beyma) M.E. Palm, W. Gams & Nirenberg, 1995,
Mycologia 87(3): 399.

(Fig. 153)

Colonies effuse, off-white. Mycelium superficial composed of branched, septate,
hyaline, smooth, 2.5-2.5 .tm thick hyphae.

Conidiophores semi-macronematous,

mononematous, branched, straight to flexuous, hyaline, smooth, up to 95 µm x 1.5-2

gill.

Conidiogenous cells monophialidic, discrete when intercalary, integrated when terminal,
cylindrical to lageniform with inconspicuous collarette, 14-32 x 1.5-2

gm.

Conidia

solitary, glioid, semi-endogenous, simple, cylindrical to obclavate, rounded at the apex,
acute at the base, smooth, guttulate0-1 septate, rarely 2-septate, euseptate, hyaline, 5-13 x
1.5-3.5

glg.

Specimen examined: Plant litter of Ocimum tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas,
P.; Herb No. PG-0827; Isolated by particle plating method.

Rhinocladiella aquaspersa (Borelli) Schell, McGinnis & Borelli, 1983, Mycotaxon 17:
(Fig. 154)

343.

Colonies effuse, brown, slow growing. Mycelium partly immersed, partly
superficial, composed of branched, septate, smooth, sub-hyaline, 1-1.5 gm thick hyphae.
Conidiophores macronematous, mononematous, growing in groups, rarely branched,
straight to flexuous, brown, paler towards the apex, smooth, up to 120 gm long, 2.5-3 gm
wide. Conidiogenous cells polytretic, integrated, sympodial, terminal and intercalary,
cylindrical, 7.5-21 x 2-3 gm. Conidia solitary, dry, acropleurogenous, simple, clavate,
smooth, 0-1 septate, euseptate, sub-hyaline to pale-broWn, 6-7.5 x 2.4-2.8 .tm in the
centre.
Specimen examined: Fresh stem of Aegle marmelos; Colem, Goa; 01.05.06; coll. by Gawas, P.;
Herb No. PG-0065; Isolated by 3-step sterilization method.

Rhinocladiella atrovirens

Nannf., in Melin & Nannfeldt, 1934,

Skogsvardsforening Tidskr., Hafte III-IV: 461.

Svensk

(Fig. 155)

Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, septate, smooth, sub-hyaline, 1.5-2 .tm thick hyphae. Conidiophores
macronematous, mononematous, in groups, unbranched, straight to flexuous, brown, 1026 x 1.6-2.2

gm.

Conidiogenous cells polytretic, integrated, sympodial, terminal,

becoming intercalary, cylindrical, up to 20 .tm long, 1.6-2 gm. Conidia solitary, dry,
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acropleurogenous, simple, clavate to ellipsoidal, smooth, aseptate, sub-hyaline to pale
brown, thickened at point of attachment, 3.5-4 pm long, 1.6-2 pm in broadest region.
Specimens examined: (i) Fresh leaf of Cymbopogon citratus; Colem, Goa; 17.07.04; coll. by
Gawas, P.; Herb No. PG-0447; Isolated by 3-step sterilization method; (ii) Fresh leaf of Strychnos
nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-1065; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Strychnos nux-vomica; Colem, Goa; 12.07.05; coll. by
Gawas, P.; Herb No. PG-1083; Isolated by 3-step sterilization method; (iv) Fresh stem of
Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-1089; Isolated by
3-step sterilization method.

Scolecobasidium constrictum E.V. Abbott, 1927, Mycologia 19(1): 30.

(Fig. 156)

Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, septate, sub-hyaline to pale brown, 1.5-1.8 pm thick hyphae. Conidiophores
macronematous, mononematous, short, fasciculate, unbranched, rarely branched form the
base, straight to flexuous, often geniculate, brown, smooth, 11-27 x 2.4-2.8 pm.

Conidiogenous cells polyblastic, integrated, sympodial, denticulate, terminal, becoming
intercalary, cylindrical, brown, 5-18 x 2-2.6 ji,m, pointed at apex, ending in a denticle.

Conidia solitary, dry, acropleurogenous, simple, ellipsoidal to cylindrical with rounded
ends, minutely verruculose, uniseptate, euseptate, slightly constricted at the septa, pale
brown, 5.6-7.2 x 2.8-3.8 ji,m; cessation rhexolytic cessation.
Specimens examined: (i) Leaf litter of Alstonia scholaris; Mashem, Goa; 16.03.05; coll. by
Gawas, P.; Herb No. PG-0277; Isolated by moist chamber incubation method; (ii) Fresh leaf of
Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0616; Isolated by 3step sterilization method; (iii) Fresh leaf of Garcinia indica; Mashem, Goa; 26.04.05; coll. by
Gawas, P.; Herb No. PG-0654; Isolated by leaf washing method; (iv) Fresh leaf of Strychnos nuxvomica; Mashem, Goa; 25.02.05; coll. by Gawas, P.; Herb No. PG-1113; Isolated by 3-step
sterilization method; (v) Leaf litter of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll. by
Gawas, P.; Herb No. PG-1118; Isolated by moist chamber incubation method, (vi) Fresh leaf of
Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1132; Isolated
by leaf washing method; (v) Fresh stem of Justicia adhatoda; Colem, Goa; 12.07.05; coll. by
Gawas, P.; Herb No. PG-0319; Isolated by 3-step sterilization method.

Scolecobasidium humicola G.L. Barron & L.V. Busch, 1962, Can. J. Bot. 40: 83.
(Fig. 157)

Colonies effuse, brown, slow growing. Mycelium partly immersed, partly
superficial, composed of branched, septate, sub-hyaline to pale brown, 1.5-2 pm thick
hyphae.

Conidiophores semi-macronematous to macronematous, mononematous,

unbranched, straight to flexuous, brown, smooth, 20-45 x 2-3 pm. Conidiogenous cells
polyblastic, integrated, terminal, sometimes becoming intercalary, sympodial, denticulate,
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cylindrical, 2-2.5 pm. Conidia solitary, dry, acropleurogenous, simple, ellipsoidal to
clavate to cylindrical, with rounded apical end, acute at the point of attachment,
uniseptate, finely verruculose, euseptate pale to olivaceous brown, 6-11 x 2.5-3
Specimens examined: (i) Fresh leaf of Alstonia scholaris; Colem, Goa; 11.01.05; coll. by Gawas,
P.; Herb No. PG-0232; Isolated by 3-step sterilization method; (ii) Fresh stem of Alstonia
scholaris; Colem, Goa; 11.01.05; coll. by Gawas, P.; Herb No. PG-0249; Isolated by 3-step
sterilization method; (iii) Leaf litter of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0308; Isolated by particle plating method; (iv) Fresh leaf of Garcinia
indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0623; Isolated by 3-step
sterilization method; (v) Leaf litter of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas,
P.; Herb No. PG-0669; Isolated by particle plating method; (vi) Leaf litter of Syzygium cumini;
Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-1048; Isolated by particle plating
method.

Scopulariopsis flava (Sopp) F.J. Morton & G. Sm., 1963, Mycol. Pap. 86: 43. (Fig. 158)
Colonies effuse, off-white to pale brown. Mycelium partly superficial, partly
immersed, composed of branched, septate, hyaline, 1.5-2.5 pin thick hyphae.
Conidiophores semi-macronematous to macronematous, mononematous, branched,
branches restricted towards the apex, straight to flexuous, hyaline, smooth, up to 95 pin
long, 2.5-3 tm wide. Conidiogenous cells annelidic, discrete, percurrent, terminal,
lageniform to ampulliform, 7.5-14 x 2.5-4 pm. Conidia catenate, dry, simple, subspherical to spherical with truncate base, smooth when young, echinulate at maturity,
aseptate, hyaline, 6.5-8 x 5.5-7.6 pm.
Specimen examined: Leaf litter of Cymbopogon citratus; Mashem, Goa; 17.05.05; coll. by
Gawas, P.; Herb No. PG-0502; Isolated by particle plating method.

(Fig. 159)

Sesquicillium sp.

Colonies effuse, off-white. Mycelium partly immersed, partly superficial, partly
immersed, composed of branched, septate, smooth, hyaline, 1.5-2 pm thick hyphae.
Conidiophores macronematous, mononematous, penicillately branched, straight to
flexuous, hyaline, smooth, 65-95 x 2.2-2.6 pm. Conidiogenous cells monophialidic,
discrete, terminal and intercalary, hyaline, formed in verticels, determinate lageniform,
with a narrow tubular collarette, 9-13 x 2.8-3.8 pm, formed immediately below the septa
and curved inwards. Conidia catenate, in unbranched, basipetal chains, simple ellipsoidal,
smooth, aseptate, sub-hyaline to pale yellow, 3.5-5 x 2-3 pm.
Specimen examined: Fresh leaf of Alstonia scholaris; Colem, Goa; 11.01.05; coll. by Gawas, P.;
Herb No. PG-0285; Isolated by leaf washing method.
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Sporidesmium vagum Nees & T. Nees, 1818, Nova Acta Acad. Caes. Leop.-Carol. 2:
231.

(Fig. 160)
Colonies punctiform, pale brown. Mycelium immersed. Conidiophores semi-

macronematous, mononematous, unbranched, smooth, brown, straight to flexuous, up to
18 tm long, 5-6 tm wide. Conidiogenous cells monoblastic, integrated, determinate,
cylindrical, brown to dark brown. Conidia solitary, dry, acrogenous, simple, obclavate,
with rounded apex and truncate base, smooth, 18-32-septate, pseudoseptate, 96-205 x 1315 tm in the broadest region, 3.5-5 tm at the tip.
Specimen examined: Fresh stem of Semecarpus anacardium; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0958; Isolated by 3-step sterilization method.

Stachybotrys kampalensis Hansf., 1943, Proc. Linn. Soc. London 155: 45.

(Fig. 161)

Colonies effuse, gray to black. Mycelium partly superficial, partly immersed.
Conidiophores macronematous, mononematous, unbranched, straight to flexuous, sub
hyaline to olivaceous brown, smooth, up to 230 tm long x 4-6 tm wide., slightly
swollen at the apex. Conidiogenous cells monophialidic, discrete in groups of 3-5,
determinate, sub-hyaline to pale grey, clavate, 8-12 tm long, 4.5-5.5 tm wide in broadest
region; collarette absent. Conidia solitary, sometimes aggregated in slimy heads, simple,
broadly cylindrical, warted, aseptate, dark gray to black, sometimes biguttulate, 9-12 x
4.2 — 5.5 pm.
Specimens examined: (i) Leaf litter of Alstonia scholaris; Colem, Goa; 11.01.05; coll. by Gawas,
P.; Herb No. PG-0268; Isolated by moist chamber incubation method; (ii) Plant litter of
Hemidesmus indicus; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-0738; Isolated by
moist chamber incubation method.

Stachybotrys nilagirica Subram., 1957, Proc. Indian Acad. Sci., Pl. Sci. 46: 331.
(Fig. 162)
Colonies

punctate, pale brown.

Mycelium

immersed.

Conidiophores

macronematous, mononematous, unbranched, straight to flexuous, hyaline, smooth, 4-6
septate, 240-370 x 9.4-10.5 tm wide at the base; pale grey and slightly swollen at the
apex. Conidiogenous cells monophialidic, discrete in groups of 2-4, determinate,
terminal, hyaline to sub-hyaline, smooth, clavate, curved inwards, with a terminal
opening, 12-16 tm long, 8.4-9.5 tm wide in broadest region; collarette absent. Conidia in

—129 --

slimy heads, sometimes appearing to be in false chains, spherical, warted, aseptate, dark
gray to black, 19-26 tm in diam.
Holotype: Bark of Strychnos nux-vomica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No.
PG 1062; Isolated by 3 step sterilization method.
-

-

Stachylidium bicolor Link, 1799, Coloured Figures of English Fungi or mushrooms 2:
15.
(Fig.
163)
Colonies effuse, gray to olivaceous brown. Mycelium immersed. Conidiophores
macronematous, mononematous, unbranched, straight to flexuous, brown, up to 750 gm
long, 3-5 tm wide. Conidiogenous cells 13-17 x 2.5-4.2 tm, monophialidic, discrete,
arranged in verticels, in groups of 2-4, just below each septa in the conidiophore,
determinate, terminal and intercalary, brown, minutely verrucose, cylindrical with
rounded apex and minute opening; collarette absent. Conidia in slimy heads, acrogenous,
simple, ellipsoidal, smooth, aseptate, pale to olivaceous brown, 5-7.6 x 2-3 tm.
Specimens examined: (i) Plant litter of Achyranthes aspera; Colem, Goa; 14.01.05; coll. by
Gawas, P.; Herb No. PG-0041; Isolated by moist chamber incubation method; (ii) Plant litter of
Andrographis paniculata; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0198; Isolated
by moist chamber incubation method; (iii) Leaf litter ofAlstonia scholaris; Colem, Goa; 15.05.05;
coll. by Gawas, P.; Herb No. PG-0270; Isolated by moist chamber incubation method; (iv) Leaf
litter of Cymbopogon citratus; Colem, Goa; 14.01.05; coll. by Gawas, P.; Herb No. PG-0477;
Isolated by moist chamber incubation method.

Sympodiella laxa Subram. & Vittal, 1973, Can. J. Bot. 51(6): 1131.

(Fig. 164)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial,
composed o branched, septate, sub-hyaline hyphae. Conidiophores macronematous,
mononematous, scattered, unbranched, straight to flexuous, brown at the base, pale
towards the apex, smooth, up to 410 tm long, 4.5-5.5 tm wide. Conidiogenous cells
thallic, terminal, elongates and fragments to release individual conidium.

Conidia

arthrosporic, dry, simple, schizogenous, cylindrical with truncate ends, smooth, 0-2
septate, hyaline, 18-36 x 6-7 gm, constricted at the point of fragmentation.
Specimen examined: Leaf litter of Alstonia scholaris; Colem, Goa; 11.01.05; coll. by Gawas, P.;
Herb No. PG-0269; Isolated by moist chamber incubation method.

Tetraploa aristata Berk. & Broome, 1850, Ann. Mag. nat. Hist., Ser. 2, 5: 459. (Fig. 165)
Colonies effuse, brown to gray. Mycelium superficial, composed of branched,
septate, hyaline, smooth, 1.5-2.5 gm thick hyphae. Conidiophores micronematous,
mononematous, pale brown. Conidiogenous cells monoblastic, determinate, non-

-
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cicatrized, integrated. Conidia solitary, dry, developing in 4 columns of cells each ending
in a terminal appendage, finely verruculose, muriform, euseptate, brown, 25-34
(excluding the appendages) x 18-21 gm; appendage setiform, 2-4 septate, pale brown,
smooth, 65-85 x 4.2-4.5 gm at the base, furrowed between the columns.
Specimen examined: Leaf litter of Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by Gawas,
P.; Herb No. PG-0476; Isolated by moist chamber incubation method.

Thermomyces sp.

(Fig. 166)

Colonies effuse, brown to gray. Mycelium superficial, composed of branched, septate,
hyaline, smooth 2-2.5 gm thick hyphae. Conidiophores micronematous, mononematous,
unbranched, hyaline, smooth. Conidiogenous cells monoblastic, integrated, terminal,
determinate, cylindrical, 1.5-2 x 1-1.5 gm. Conidia solitary, dry, acrogenous, simple,
spherical to sub-spherical, warted, aseptate, gray to black, 3-5 gm diameter.
Specimens examined: (i) Fresh stem of Justicia adhatoda; Colem, Goa; 24.01.05; coll. by Gawas,
P.; Herb No. PG-0317; Isolated by 3-step sterilization method; (ii) Plant litter of Hemidesmus
indicus; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0734; Isolated by moist
chamber incubation method; (iii) Plant litter of Ocimum tenuiflorum; Colem, Goa; 10.01.05; coll.
by Gawas, P.; Herb No. PG-0803; Isolated by moist chamber incubation method.

Torula herbarum f. quaternella Sacc., 1913, Annls mycol. 11: 556.

(Fig. 167)

Colonies effuse, mid-brown. Mycelium immersed. Conidiophores micronematous,
mononematous, brown. Conidiogenous cells mono- or polyblastic, determinate, cupulate,
integrated, with lower wall thick and upper call thin, sometimes upper call collapsing,
dark brown, 4.5-6 gm in diam. Conidia 11-16 x 5.2-6.8 gm, catenate, chains branched, in
acropetal succession, dry, simple, cylindrical, rounded at both ends, verrucose, 2-3
septate, constricted at the septa, euseptate, mid-brown, arising from the tip of upper thin
surface of conidiogenous cell, the uppermost cell of the conidium modified to from
conidiogenous cell.
Specimen examined: Leaf litter of Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by Gawas,
P.; Herb No. PG-0473; Isolated by moist chamber incubation method.

Trichoderma harzianum Rifai, 1969, Mycol. Pap. 116: 38.

(Fig. 168)

Colonies effuse, white to olivaceous green. Mycelium superficial, profusely
branched, septate, hyaline to sub-hyaline, smooth, 2.5-3.5 gm thick hyphae.
Conidiophores macronematous, mononematous, branched at right angles to the main axis
forming primary and secondary branches, with short branches at apex, longer branches
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Fig. 152: Pithomyces sp.
Fig. 153: Plectosporium tabacinum
Fig. 154: Rhinocladiella aquaspersa
Fig. 155: Rhinocladiella atrovirens
Fig. 156: Scolecobasidium constrictum
Fig. 157: Scolecobasidium humicola
Fig. 158: Scopulariopsis flava
Fig. 159: Sesquicillium sp.
Fig. 160: Sporidesmium vagum
Fig. 161: Stachybotrys kampalensis
Fig. 162: Stachybotrys nilgarica
Fig. 163: Stachylidium bicolor
Fig. 164: Sympodiella laxa
Fig. 165: Tetraploa aristata
Fig. 166: Thermomyces sp.
Fig. 167: Torula herbarum f. quaternella
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below, straight to flexuous, hyaline to sub-hyaline, smooth, up to 140 gm long, 2-2.5 gm.
Conidiogenous cells monophialidic, discrete, hyaline to sub-hyaline, verticillate in groups
of 2-3, terminal and intercalary, lageniform, with narrow apex and swollen in the middle,
10-22 x 2-2.5 gm; collarette absent. Conidia in slimy heads, simple, spherical to subspherical, smooth, aseptate, dark olive green in mass, sub-hyaline to pale green
individually, 2.5-3.4 gm in diam.
Specimens examined: (i) Fresh leaf of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0037; Isolated by 3-step sterilization method; (ii) Fresh leaf of
Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0962; Isolated
by 3-step sterilization method; (iii) Fresh leaf of Semecarpus anacardium; Colem, Goa; 11.12.04;
coll. by Gawas, P.; Herb No. PG-0973; Isolated by leaf washing method.

Trichothecium roseum (Pers.) Link, 1809, Magazin Ges. naturf Freunde, Berlin 3(1-2):
18.

(Fig. 169)
Mycelium immersed. Conidiophores

macronematous,

mononematous,

unbranched, straight to flexuous, hyaline, smooth, 480-710 x 3.5-4 gm. Conidiogenous
cells polyblastic, integrated, sympodial, non-cicatrized, terminal, cylindrical, 23-35 x 3.43.8 gm. Conidia formed in false chains in basipetal succession, dry, simple, smooth,
clavate with a slight depression on one side of the conidium due to the attachment of the
second conidium, rounded at the apex, truncate at the lower edge, aseptate when young,
uniseptate at maturity, hyaline, 23-28 x 12-15 gm in the broadest region; conidia attached
to the conidiogenous cells and two other conidia by the lower horizontal region of the
conidium.
Specimen examined: Leaf litter of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.;
Herb No. PG-0112; Isolated by moist chamber incubation method.

(Fig. 170)

Uncigera sp.

Colonies effuse, white to pale brown. Mycelium partly immersed, partly
superficial, composed of profusely branched, septate, smooth, hyaline, 1.5-2 gm thick
hyphae. Conidiophores semi-macronematous, mononematous, unbranched, straight to
flexuous, hyaline, smooth. Conidiogenous cells monophialidic, terminal and intercalary,
integrated when terminal, discrete when intercalary, determinate, elongated, cylindrical,
oppositely arranged, curved inwards, 4-15 x 1.5-2.5 gm. Conidia solitary, slimy, simple,
cylindrical with rounded ends, smooth, uniseptate, euseptate, hyaline, 3-4 x 1.4-1.8 gm.
Specimen examined: Fresh root of Hemidesmus indicus; Mashem, Goa; 13.02.05; coll. by Gawas,
P.; Herb No. PG-0717; Isolated by 3-step sterilization method.
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Vermiculariopsiella elegans KeshavaPrasad, D'souza & Bhat, 2003, Frontiers of fungal
diversity in India :504.

(Fig. 171)

Colonies effuse, off-white to pale brown. Mycelium partly immersed, partly
superficial, composed of branched, septate, hyaline, smooth, 2-3 gm thick hyphae.
Stroma present, long, tubular, dark brown to black, straight to flexuous,
pseudoparenchymatous up to 4 mm long x 320-450 gm wide, sometimes with regular
bulbous and constricted region. dark brown. Setae numerous, unbranched, dark brown,
bulbous at the base, straight to flexuous, acuminate at the tip, 2-4-septate, smooth, thickwalled, up to 170 gm long, 4.5-5 gm wide at the base. 240-330, sometimes up to 410
gm, 5.5-6 gm wide, 8.4-9.5 gm at the base. Conidiophores semi- macronematous,
sporodochial, smooth, septate, sparsely branched, hyaline to pale-coloured, 30-55 x 2-3.5
gm. Sporodochia up to 430 gm wide. Conidiogenous cells monophialidic, integrated or
discrete, determinate, terminal, 12-18 x 1.5-2.5 gm; collarette absent. Conidia glioid,
simple , cylindrical, rounded at both ends, smooth, aseptate, rarely 1-septate, euseptate,
hyaline to sub-hyaline, guttulate, 20-26 x 7.5-8.5 gm.

Specimens examined: (i) Fresh leaf of Piper betle; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0850; Isolated by 3-step sterilization method; (ii) Fresh stem of Piper belle; Colem,
Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0853; Isolated by 3-step sterilization method;
(iii) Fresh leaf of Piper belle; Colem, Goa; 12.03.05; coll. by Gawas, P.; Herb No. PG-0861;
Isolated by 3-step sterilization method; (iv) Fresh leaf of Piper belle; Mashem, Goa; 13.02.06;
coll. by Gawas, P.; Herb No. PG-0870; Isolated by 3-step sterilization method; (v) Fresh stem of
Piper belle; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0875; Isolated by 3-step
sterilization method.
Vermiculariopsiella indica KeshavaPrasad, D'souza & Bhat, 2003, Frontiers of fungal
diversity in India :508.

(Fig. 172)

Colonies effuse, off-white to pale brown. Mycelium partly immersed, partly
superficial, composed of branched, septate, hyaline, smooth, 2-3.2 gm thick hyphae.
Stroma present, dark, pseudoparenchymatous. Setae unbranched, dark brown to black,
paler towards the aped, 2-4 septate, acuminate at the tip, smooth, thick-walled. 60-130
gm long, 3-4.2 gm thick at the base, scarcely produced in culture, sometimes absent.
Conidiophores semi- macronematous, sporodochial. Sporodochia scattered, sometimes
fused to form irregular fruiting bodies; individual threads branched from base, straight to
flexuous, sub-hyaline to pale brown, smooth, 30-50 x 2-3.5 gm. Conidiogenous cells
monophialidic, integrated or discrete, determinate, terminal, 10-28 x 1.5-2.5 gm;
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collarette absent. Conidia in slimy mass, palisadely arranged, simple, cylindrical, rounded
at both ends, smooth, aseptate, biguttulate, hyaline to sub-hyaline, salmon pink in mass,
12-16 x 4-5 gm.
Specimens examined: (i) Fresh leaf of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0035; Isolated by 3-step sterilization method; (ii) Fresh stem of Aegle
marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.; Herb No. PG-0105; Isolated by 3-step
sterilization method; (iii) Fresh stem of Andrographis paniculata; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0138; Isolated by 3-step sterilization method; (iv) Fresh leaf of Justicia
adhatoda; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0329; Isolated by 3-step
sterilization method; (v) Fresh stem of Centella asiatica; Colem, Goa; 01.05.06; coll. by Gawas,
P.; Herb No. PG-0405; Isolated by 3-step sterilization method; (vi) Fresh root of Centella
asiatica; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0409; Isolated by 3-step
sterilization method; (vii) Fresh stem of Emblica officinalis; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0513; Isolated by 3-step sterilization method; (viii) Fresh leaf of
Emblica officinalis; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-0546; Isolated by
3-step sterilization method; (ix) Fresh leaf of Garcinia indica; Colem, Goa; 26.10.05; coll. by
Gawas, P.; Herb No. PG-0612; Isolated by 3-step sterilization method; (x) Fresh stem of Garcinia
indica; Colem, Goa; 26.10.05; coll. by Gawas, P.; Herb No. PG-0613; Isolated by 3-step
sterilization method; (xi) Fresh stem of Strychnos nux-vomica; Colem, Goa; 22.02.05; coll. by
Gawas, P.; Herb No. PG-1076; Isolated by 3-step sterilization method; (xii) Fresh leaf of
Strychnos nux-vomica; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-1082; Isolated by
3-step sterilization method; (xiii) Fresh stem of Strychnos nux-vomica; Colem, Goa; 15.08.04;
coll. by Gawas, P.; Herb No. PG-1091; Isolated by 3-step sterilization method; (xiv) Fresh stem
of Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.; Herb No. PG-1102;
Isolated by 3-step sterilization method.

Vermiculariopsiella parva KeshavaPrasad, D'souza & Bhat, 2003, Frontiers of fungal
diversity in India :506.

(Fig. 173)

Colonies effuse, off-white to pale brown. Mycelium partly immersed, partly
superficial, composed of branched, septate, hyaline, smooth, 2-3.2 p.m thick hyphae.
Stroma present, dark, pseudoparenchymatous. Setae unbranched, dark brown to black,
paler towards the aped, 5-8 septate, acuminate at the tip, smooth, thick-walled, 105-235 x
7.2-8.4 p.m. Conidiophores semi-macronematous, sporodochial. Sporodochia scattered,
sometimes fused to form irregular fruiting bodies; individual threads branched from base,
straight to flexuous, sub-hyaline to pale brown, smooth.

Conidiogenous cells

monophialidic, integrated or discrete, determinate, terminal; collarette absent. Conidia
solitary, cylindrical, rounded at both ends, smooth, aseptate, hyaline to sub-hyaline,
guttulate, 26-30 x 4-10.5 pin.
Specimens examined: (i) Fresh stem of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0022; Isolated by 3-step sterilization method; (ii) Fresh leaf of Aegle
marmelos; Colem, Goa; 22.12.05; coll. by Gawas, P.; Herb No. PG-0088; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas,
P.; Herb No. PG-0093; Isolated by 3 step sterilization method; (iv) Fresh stem of Piper betle;
-
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Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0834; Isolated by 3-step sterilization
method; (v) Fresh root of Piper betle; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG0840; Isolated by 3-step sterilization method; (vi) Fresh root of Piper betle; Colem, Goa;
10.01.05; coll. by Gawas, P.; Herb No. PG-0842; Isolated by 3-step sterilization method; (vii)
Fresh leaf of Piper betle; Mashem, Goa; 24.02.05; coll. by Gawas, P.; Herb No. PG-0867;
Isolated by 3-step sterilization method; (viii) Fresh root of Piper betle; Mashem, Goa; 24.01.05;
coll. by Gawas, P.; Herb No. PG-0872; Isolated by 3-step sterilization method; (ix) Fresh stem of
Piper betle; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0882; Isolated by 3-step
sterilization method; (x) Fresh stem of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by
Gawas, P.; Herb No. PG-0931; Isolated by 3-step sterilization method; (xi) Fresh leaf of
Semecarpus anacardium; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0950; Isolated
by 3-step sterilization method; (xii) Fresh stem of Semecarpus anacardium; Colem, Goa;
05.08.05; coll. by Gawas, P.; Herb No. PG-0959; Isolated by 3-step sterilization method; (xiii)
Fresh leaf of Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0983;
Isolated by 3-step sterilization method.

Verticillium nigrescens Pethybr., 1919, Trans. Br. mycol. Soc. 6: 177.
Colonies effuse, off-white, having medium growth rate.

(Fig. 174)
Mycelium partly

immersed, partly superficial, composed of branched, septate, hyaline, smooth, 2-2.5 gm
thick hyphae. Conidiophores macronematous, mononematous, branched, straight to
flexuous, hyaline, smooth, 90-150 x 3-3.5 gm. Conidiogenous cells monophialidic,
terminal, and intercalary, discrete, determinate, arising in verticels, slender, cylindrical to
lageniform, 25-36 x 2-3 gm; collarette absent.

Conidia glioid, simple, ovoid to

ellipsoidal, rounded at both ends, sometimes slightly curved, smooth, aseptate, hyaline, 46.5 x 2.5-3.5 gm.
Specimens examined: (i) Bark ofEmblica officinalis; Mashem, Goa; 13.02.05; coll. by Gawas, P.;
Herb No. PG-0541; Isolated by 3-step sterilization method; (ii) Fresh root of Ocimum
tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0800; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas,
P.; Herb No. PG-1037; Isolated by leaf washing method.

Verticillium theobromae (Turconi) E.W. Mason & S. Hughes, in Hughes, 1951, Mycol.
Pap. 45: 10.

(Fig. 175)

Colonies effuse, off-white, having medium growth rate. Mycelium partly immersed, partly
superficial, composed of branched, septate, hyaline, smooth, 2-3 gm thick hyphae.
Conidiophores macronematous, mononematous, unbranched, hyaline to sub-hyaline, 200850 x 3-3.6 gm, minutely and scarcely verruculose. Conidiogenous cells monophialidic,
terminal and intercalary, discrete, determinate, arising in verticels of 2-3, sometimes
single at every septa, subulate, 28-40 x 2.5-2.8 gml; collarette absent. Conidia glioid,
simple, ellipsoidal, rounded at both ends, smooth, symmetrical, smooth, aseptate, hyaline,
5.5-6.8 x 1.4-1.8 gm.
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Specimen examined: Leaf litter of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.;
Herb No. PG-0114; Isolated by moist chamber incubation method.

Wiesneriomyces javanicus Koord., 1907, Verh. K. ned. Akad. Wet., 2 Sectie 13(4): 246.
(Fig. 176)
Colonies effuse off-white. Mycelium immersed. Stroma dark brown, erumpent,
pseudoparenchymatous: Setae numerous, unbranched, long, curved inwardly, swollen at
eh base, pointed at the apex, dark-brown to black, thick-walled, smooth, 3-7 septate, 125250 gm x 4.2-4.8 gm in the centre. Conidiophores semi-macronematous, sporodochial;
individual filaments narrow, branched at the apex, smooth, hyaline, up to 45 gm x 2-3
gm. Conidiogenous cells polyblastic, discrete (in groups of 2-3), determinate, terminal,
cylindrical, denticulate, 8.5-16.5 x 3.5-4 gm. Conidia catenate, in unbranched acropetal
chains, aggregating in slimy mass, simple, cylindrical with truncate ends attached to one
another by a narrow isthmi, smooth, aseptate, hyaline, 10-13 x 3-4; terminal conidia
acute towards apical end.
Specimen examined: Leaf litter of Cymbopogon citratus; Colem, Goa; 13.03.05; coll. by Gawas,
P.; Herb No. PG-0474; Isolated by moist chamber incubation method.

Zygosporium gibbum (Sacc., M. Rousseau & E. Bommer) S. Hughes, 1958, Can. J. Bot.
(Fig. 177)

36: 825.

Colonies effuse gray. Mycelium superficial, composed of [profusely branched,
septate, pale gray, smooth hyphae. Conidiophores semi-macronematous, mononematous,
scattered, unbranched with a solitary, dark brown, smooth, curved, swollen vesicle, 12-15
gm long and 6-6.5 gm thick in the broadest region. Conidiogenous cells borne on curved
upper edge of vesicle, polyblastic, discrete in groups of 3-5, determinate, ellipsoidal, thinwalled, pale brown, 6-8.5 x 2-2.5 gm. Conidia solitary, acrogenous, dry, simple,
spherical, smooth, aseptate, hyaline, 4-5 gm diam.
Specimens examined: (i) Leaf and stem litter of Emblica officinalis; Mashem, Goa; 24.10.04; coll.
by Gawas, P.; Herb No. PG-0554; Isolated by moist chamber incubation method; (ii) Leaf litter of
Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-1016; Isolated by
moist chamber incubation method.

Zygosporium masonii S. Hughes, 1951, Mycol. Pap. 44: 15.

(Fig. 178)

Colonies effuse. Mycelium superficial, composed of profusely branched, septate,
smooth, brown to pale gray, about 2 gm thick hyphae. Conidiophores 65-80 gm semimacronematous to macronematous, mononematous, scattered, unbranched, with a chain
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Fig. 168: Trichoderma harzianum
Fig. 169: Trichothecium roseum
Fig. 170: Uncigera sp.
Fig. 171:

Vermiculariopsiella elegans

Fig. 172:

Vermiculariopsiella indica

Fig. 173:

Vermiculariopsiella parva

Fig. 174:

Verticillium nigrescens

Fig. 175:

Verticillium theobromae

Fig. 176:

Wiesneriomyces javanicus

Fig. 177: Zygosporium gibbum
Fig. 178: Zygosporium masonii
Fig. 179: Zygosporium minus

-138-

of 2-5 integrated vesicles, ending in a hyaline to sub-hyaline, sterile apical region which
terminates in a 3-4.5 pm broad knob, up to 25 gm long and 1.5-2 gm. Vesicle in
integrated chains, dark brown, versicoloured, smooth, swollen, geniculate, developing
sympodially, 5.5-9.5 gm long, 5-6 gm thick in the broadest region. Conidiogenous cells
borne at the curved apex of the vesicle, polyblastic, denticulate, discrete, in groups of 2,
rarely 3, determinate, ellipsoidal, thin-walled, hyaline to sub-hyaline, 5-7 x 2.5-3 gm.
Conidia solitary, acropleurogenous, dry, simple, ellipsoidal with rounded ends, smooth,

aseptate, hyaline, guttulate, sometimes slightly curved, 5-6 x 2.5-3 gm.
Specimens examined: (i) Leaf litter of Alstonia scholaris; Mashem, Goa; 16.03.05; coll. by
Gawas, P.; Herb No. PG-0276; Isolated by moist chamber incubation method; (ii) Leaf litter of
Garcinia indica; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-0639; Isolated by
moist chamber incubation method; (iii) Leaf litter of Syzygium cumini; Colem, Goa; 13.03.05;
coll. by Gawas, P.; Herb No. PG-1014; Isolated by moist chamber incubation method; (iv) Leaf
litter of Syzygium cumini; Mashem, Goa; 12.05.05; coll. by Gawas, P.; Herb No. PG-1024;
Isolated by moist chamber incubation method.

Zygosporium minus S. Hughes, 1951, Mycol. Pap. 44: 6.

(Fig. 179)

Colonies effuse gray. Mycelium superficial composed of branched, septate, gray,
smooth hyphae. Hyphopodia absent.

Conidiophores

semi-macronematous to

macronematous, mononematous, scattered, unbranched, brown to gray, smooth, setiform,
25 -52 gm long with sterile sub-hyaline swollen region at the apex. Vesicles 8-18 x 4-7.8
gm, swollen, dark brown to black, curved, arise from the base or as basal branches on the
conidiophore. Conidiogenous cells polyblastic, discrete, in groups of 2-3, determinate,
ampulliform, borne at the apex of the vesicle, hyaline.

Conidia solitary, dry,

acropleurogenous, simple, spherical, echinate, aseptate, hyaline to pale brown, 6-7.5 gm
in diam.
Specimens examined: (i) Leaf litter of Aegle marmelos; Mashem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0117; Isolated by moist chamber incubation method; (ii) Leaf litter of Justicia
adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG-0359; Isolated by moist
chamber incubation method.
Coelomycetes

Amerosporiopsis gaubae Petr., 1941, Bot. Arch. 43: 84.

(Fig. 180)

Mycelium immersed. Conidiomata pycnidial, semi-immersed, solitary, globose,
dark brown to black, unilocular, up to 250 µm diam. Conidiomatal wall composed of
thick-walled, dark brown to black, angular cells, inner cells pale brown, compressed.
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Conidiophores

absent.

Ostiole

single, central, circular.

Conidiogenous cells

monophialidic, discrete, determinate, smooth, hyaline, cylindrical to subulate, 10-14 x
1.5-2 gm. Conidia solitary, simple, fusiform with acute apex and slightly truncate base,
smooth, septate, sub-hyaline, 7-9.5 x2.5-3 gm, often biguttulate.
Specimens examined: (i) Fresh leaf of Emblica officinalis; Mashem, Goa; 13.02.05; coll. by
Gawas, P.; Herb No. PG-0545; Culture No. GUFCC 4961; Isolated by 3-step sterilization method;
(ii) Leaf litter of Garcinia indica; Mashem, Goa; 26.04.05; coll. by Gawas, P.; Herb No. PG0662; Isolated by particle plating method; (iii) Bark of Semecarpus anacardium; Colem, Goa;
26.09.04; coll. by Gawas, P.; Herb No. PG-0942; Isolated by 3-step sterilization method.

Amerosporium sabalinum Ellis & Everh., 1888, Journ. Myc.:50.

(Fig. 181)

Conidiomata pycnidial, semi-immersed, solitary, spherical, dark brown to black,
unilocular, 120-180 gm in diam., non-ostiolate. Pycnidial wall pseudoparenchymatous,
composed of angular cells; outer layers thick-walled and dark brown; inner layers
flattened, thin-walled and hyaline. Setae scarce, 18-24 pm long.

Conidiophores

micronematous. Conidiogenous cells monophialidic, integrated, determinate, smooth,
hyaline, cylindrical. Paraphyses branched, hyaline, septate. Conidia solitary, simple,
fusiform, with pointed apex and slightly truncate base, smooth, aseptate, hyaline to subhyaline, eguttulate, 5-9.5 x 1.5-2.5 gm.
Specimen examined: Fresh stem of Aegle marmelos; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0076; Isolated by 3-step sterilization method.

Botryocrea sp.

(Fig. 182)

Colonies effuse, brown. Mycelium partly immersed, partly superficial composed
of hyaline o pale brown, smooth, septate hyphae. Conidiomata acervular, solitary,
sometimes aggregated, reddish to dark brown, globose, unilocular, non-ostiolate, 550-650
x 600-700 gm. Peridial wall composed of outer brown, which-walled, loosely interwoven
hyphae, central thick-walled polygonal cells and innermost thin-walled, sub-hyaline,
polygonal cells. Conidiophores hyaline, branched, smooth, septate, up to 50 pm long, 2.53.5 gm wide. Conidiogenous cells monophialidic, discrete or integrated, terminal,
determinate, cylindrical with inconspicuous collarette. Conidia solitary, glioid, simple,
smooth, 3-5 euseptate, fusiform, rounded at both ends, falcate, eguttulate, 35-60 x 5-6.5
1-1m.
Specimen examined: Fresh stem of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0606; Isolated by 3-step sterilization method.
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Capitorostrum sp.

(Fig. 183)

Colonies effuse, off-white to pale brown. Mycelium partly immersed partly
superficial, composed of branched, pale brown, septate, 2-3 gm thick hyphae.
Conidiomata pycnidial, superficial, solitary, scattered, globose at the base with a long
neck, dark brown, sessile, ostiolate, 85-140 gm diam. at the base, up to 400 gm long, 4045 gm wide neck. Ostiole single, circular, at the apex of the neck. Conidiomatal wall
composed of several layers of thick-walled, brown, pseudoparenchymatous cells.
Conidiophores

micronematous or absent.

Conidiogenous cells

monophialidic,

ampulliform, smooth, hyaline. Conidia solitary, simple, obovoid, aseptate, brown, thickwalled, eguttulate, 4.2-5.5 x 3-4.5 gm.
Specimen examined: Bark of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.;
Herb No. PG-0254; Isolated by 3-step sterilization method.

Chaetomella raphigera Swift, 1930, Mycologia 22: 165.
Colonies effuse, off-white. Mycelium

(Fig. 184)

partly immersed, partly superficial,

composed of branched, hyaline, septate, 2.5 gm thick hyphae. Conidiomata pycnidial,
ostiolate solitary, setose, superficial, semi-spherical, sessile, dark brown, unilocular, 240330 gm diam. Conidiomatal wall composed of 1-2 layers of thick-walled, brown,
polygonal cells and inner several layers of thin-walled, pale-brown, cells. Ostiole single,
central. Setae unbranched, straight, coiled towards the apex, brown, smooth, thick-walled,
septate, narrow but obtuse at the apex, up to 180 gm long, 4.2-4.6 gm wide at the base, 22.5 gm at the apex. Conidiophores branched, hyaline, smooth, filiform, 28-35 x 1.5 gm.
Conidiogenous cells monophialidic, discrete, determinate, terminal, filiform, hyaline,
smooth. Conidia solitary, simple, cylindrical, with rounded ends, sometimes slightly
curved, aseptate, smooth, hyaline, guttulate, one at each end, 6.2-8.4 x 1.4-1.8 gm.
Specimen examined: Leaf litter of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by Gawas,
P.; Herb No. PG 0572; Isolated by particle plating method.
-

Coleophoma empetri (Rostr.) Petr., 1929, Annls mycol. 27(5/6): 331.

(Fig. 185)

Colonies effuse, brown. Mycelium partly immersed, partly superficial, composed
of branched, smooth, septate, 2-2.5 gm thick hyphae. Conidiomata pycnidial, immersed,
solitary, unilocular, globose, dark brown to black, ostiolate. Conidiomatal wall composed
of dark brown, thick walled angular cells. Ostiole single, central, circular. Conidiophores
branched, sub-hyaline to pale brown, smooth, arising from the inner wall of the pycnidia,
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Fig. 180: Amerosporiopsis gaubae
Fig. 181: Amerosporium sabalinum
Fig. 182: Botryocrea sp.
Fig. 183: Capitorostrum sp.
Fig. 184: Chaetomella raphigera
Fig. 185: Coleophoma empetri
Fig. 186: Colletotrichum capsici
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up to 75 gm long, 2.5-3 gm wide. Conidiogenous cells monophialidic, integrated or
discrete, determinate, terminal, hyaline, cylindrical, with inconspicuous collarette.
Paraphyses hyaline, unbranched, collapsing. Conidia solitary, simple, cylindrical with
rounded ends, straight, smooth, aseptate, hyaline, thick-walled, with granular contents,
12-18 x 3-4.5 gm.
Specimens examined: (i) Fresh stem of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by
Gawas, P.; Herb No. PG-0020; Isolated by 3-step sterilization method; (ii) Fresh leaf of Aegle
marmelos; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0060; Isolated by 3-step
sterilization method.

Colletotrichum capsici (Syd.) E.J. Butler & Bisby, 1931, Fungi of India: 152. (Fig. 186)
Colonies effuse brown. Mycelium

immersed. Conidiomata acervular, solitary or

aggregated, 180-220 gm diam., composed of thick-walled, dark brown angular cells.
Setae unbranched, 2-4 septatestraight to flexuous, dark brown to black, smooth, thickwalled, with acuminate tip, 120-160 gm long, 1.5-3.5 gm at the base. Conidiophores
branched at base, hyaline to pale brown, smooth. Conidiogenous cells monophialidic,
integrated, determinate, terminal, cylindrical, collarette absent. Conidia glioid, solitary,
simple, smooth, fusiform, falcate, aseptate, hyaline to sub-hyaline, 18-24 x 3.5-4.2 gm.
Specimens examined: (i) Fresh leaf of Piper belle; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0847; Isolated by 3-step sterilization method; (ii) Fresh leaf of Andrographis
paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0186; Isolated by 3-step
sterilization method.

Colletotrichum dematium (Pers.) Grove, 1918, J. Bot., London 56: 341.

(Fig. 187)

Colonies effuse brown. Mycelium immersed. Conidiomata acervular, solitary or
aggregated, composed of thick-walled, dark brown angular cells. Setae unbranched, 3-6
septate, straight to flexuous, with acute tip, brown to dark brown, smooth, thick-walled,
65-170 x 4-7 gm at base. Conidiophores branched at base, hyaline to pale brown, smooth,
up to 17 gm x 1.5-2 gm. Conidiogenous cells monophialidic, integrated, determinate,
terminal, cylindrical, collarette absent, 6-9 x 1.5-2 gm. Conidia solitary, glioid, simple,
fusiform, falcate, smooth, aseptate, hyaline, guttulate, 21-24 x 3-3.5 gm. Appressoria
circular, dark brown, 7-9 gm.
Specimens examined: (i) Fresh leaf of Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG-0189; Isolated by 3-step sterilization method; (ii) Plant litter of Ocimum
tenuiflorum; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0829; Isolated by particle
plating method; (iii) Fresh stem of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by
Gawas, P.; Herb No. PG-0932; Isolated by 3-step sterilization method.
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Colletotrichum gloeosporioides (Penz.) Penz. & Sacc., 1884, Atti Inst. Veneto Sci. lett.,
ed Arti, Serie 6 2: 670. (Fig. 188)
Colonies effuse, off white to pale brown. Mycelium partly immersed, partly

superficial composed of branched, septate, smooth, sub-hyaline, 2-2.5 gm thick hyphae.
Conidiomata acervular, solitary, composed of intricately arranged pale brown to mid-

brown, angular, thick-walled cells, setose. Setae scarce in culture, sometimes absent,
when present, dark brown, smooth, unbranched, 5-6 septate, acute at the apex, up to 150
gm long, 3-5 gm thick at the base. Conidiophores branched, straight to flexuous, subhyaline to pale brown, septate, smooth, cylindrical, up to 30 gm x 2-3 gm. Conidiogenous
cells monophialidic, integrated, determinate, terminal, cylindrical, 9-12 x 2-2.5 with

inconspicuous collarette. Conidia slimy, acrogenous, simple, smooth, cylindrical, rounded
at both ends, aseptate, hyaline to sub-hyaline, guttulate, 8-17 x 3-5 gm.
Specimens examined: (i) Fresh stem of Aegle marmelos; Colem, Goa; 01.05.06; coll. by Gawas,
P.; Herb No. PG-0064; Isolated by 3-step sterilization method; (ii) Fresh stem ofAegle marmelos;
Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0077; Isolated by 3-step sterilization
method; (iii) Fresh root of Andrographis paniculata; Colem, Goa; 17.10.05; coll. by Gawas, P.;
Herb No. PG-0146; Isolated by 3-step sterilization method; (iv) Fresh stem of Andrographis
paniculata; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0152; Isolated by 3-step
sterilization method; (v) Fresh stem of Andrographis paniculata; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0160; Isolated by 3-step sterilization method; (vi) Fresh stem of
Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0177;
Culture No. GUFCC 5420; Isolated by 3-step sterilization method; (vii) Fresh leaf of Alstonia
scholaris; Colem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0224; Isolated by 3-step
sterilization method; (viii) Fresh stem of Alstonia scholaris; Colem, Goa; 17.07.04; coll. by
Gawas, P.; Herb No. PG-0234; Isolated by 3-step sterilization method; (ix) Fresh stem of Asti cia
adhatoda; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0318; Isolated by 3-step
sterilization method; (x) Fresh leaf of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0599; Isolated by 3-step sterilization method; (xi) Fresh leaf of Hemidesmus
indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0690; Isolated by 3-step
sterilization method; (xii) Fresh leaf of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0708; Isolated by 3-step sterilization method; (xiii) Fresh leaf of
Syzygium cumini; Colem, Goa; 13.03.05; coll. by Gawas, P.; Herb No. PG-0987; Isolated by 3step sterilization method; (xiv) Fresh stem of Syzygium cumini; Colem, Goa; 13.03.05; coll. by
Gawas, P.; Herb No. PG-0989; Isolated by 3-step sterilization method; (xv) Bark of Syzygium
cumini; Colem, Goa;13.03.05; coll. by Gawas, P.; Herb No. PG-0992; Isolated by 3-step
sterilization method; (xvi) Fresh leaf of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by
Gawas, P.; Herb No. PG 1010; Culture No. GUFCC 4965; Isolated by 3 step sterilization method;
(xvii) Fresh stem of Semecarpus anacardium; Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb
No. PG-0941; Isolated by 3-step sterilization method; (xviii) Fresh leaf of Semecarpus
anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0964; Isolated by 3-step
sterilization method.
-

-
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Colletotrichum orbiculare (Berk. & Mont.) Arx, 1957, Verh. K Akad. Vet. Amsterdam
51(3): 112.

(Fig. 189)

Colonies effuse, off white to pale brown. Mycelium partly superficial composed of
branched, septate, smooth, sub-hyaline, 2-2.5 um thick hyphae. Conidiomata acervular,
solitary or in groups, setose. Conidiomatal wall composed of intricately arranged pale to
mid-brown, thick-walled, angular cells. Setae numerous, unbranched, 3-6 septate, 90-195
x 5.5-6.5 at the base; tip acuminate. Conidiophores branched, straight to flexuous, subhyaline to pale brown, septate, smooth, cylindrical. Conidiogenous cells monophialidic,
integrated, determinate, terminal, cylindrical. Conidia glioid, simple, straight, smooth,
cylindrical with rounded ends, aseptate, hyaline to sub-hyaline, guttulate, 13-16 x 4.5-5.2

Specimen examined: Fresh leaf of Cymbopogon citratus; Colem, Goa; 17.07.04; coll. by Gawas,
P.; Herb No. PG-0449; Isolated by 3-step sterilization method.

(Fig. 190)

Cymbothyrium sp.

Colonies slow growing. Mycelium immersed, composed of branched, septate,
hyaline, smooth, 2-2.5 um thick hyphae. Conidiomata eustromatic, semi-immersed,
globose, brown, 380-430 um. in diam., non-ostiolate. Conidiomatal wall composed of
thick-walled, dark brown angular cells. Conidiophores micronematous, sub-hyaline to
hyaline. Conidiogenous cells holoblastic, discrete, determinate, non-cicatrized, filiform,
hyaline, smooth, 12-18 x 3-3.5 um. Conidia solitary, acrogenous, simple, smooth,
aseptate, thick-walled, dark brown, cymbiform to ellipsoidal to ovoid with truncate base,
5-8 x 2.5-3.5 um.
Specimen examined: Fresh leaf of Justicia adhatoda; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0327; Isolated by 3-step sterilization method.

Cytosphaera mangiferae Died., in Sydow, Sydow & Butler, 1916, Annls mycol. 14(3/4):
(Fig. 191)

205.

Mycelium

immersed, pale brown.

Conidiomata eustromatic, solitary or

aggregated, erumpent, confluent, multilocular, dark brown to black, 450- 620 um,
ostiolate. Conidiomatal wall thick-walled, dark-brown to black, several layered, intricate,
inner layers paler and more compact. Conidiophores short, 1-2 septate, smooth, hyaline,
rarely branched, up to 20 um long x 1.5-2 um wide. Conidiogenous cells monoblastic,
integrated, determinate, terminal, cylindrical, hyaline, smooth, 15-18 x 1.5-2 um.
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Fig. 187: Colletotrichum dematium
Fig. 188: Colletotrichum gloeosporioides
Fig. 189: Colletotrichum orbiculare
Fig. 190: Cymbothyrium sp.
Fig. 191: Cytosphaera mangiferae
Fig. 192: Discosporina commutata
Fig. 193: Discosporium sp.

4-

4
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Conidia solitary, acrogenous, simple ellipsoidal with rounded apex and truncate base,
smooth, aseptate, hyaline, thick-walled, granular, guttulate, 23-28 x 9.5-13 gm.
Specimen examined: Plant litter of Hemidesmus indicus; Colem, Goa; 01.05.05; coll. by Gawas,

P.; Herb No. PG-0731; Isolated by moist chamber incubation method.

Discosporina cominutata Petr., 1952, Sydowia 6: 14.

(Fig. 192)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial,
composed of branched, septate, smooth, 1.8-2.2 gm thick hyphae. Conidiomata acervular,
composed of centrally located pale to olivaceous brown, angular, thick-walled cells, 400680 gm diam. Conidiophores branched at the base, hyaline, smooth, 12-17 x 1.5-2.5 gm.
Conidiogenous cells monophialidic, integrated, terminal, determinate, cylindrical,
hyaline, with inconspicuous collarette. Conidia glioid, semi-endogenous, simple,
cylindrical with rounded apical end and slightly tapering truncate base, straight to curved,
smooth, aseptate, hyaline, multiguttulate, 10-16 x 3-5 gm.
Specimen examined: Fresh stem of Andrographis paniculata; Mashem, Goa; 28.12.04; coll. by
Gawas, P.; Herb No. PG 0179; Isolated by 3 step sterilization method.
-

-

Discosporium sp.

(Fig. 193)

Colonies effuse brown. Mycelium immersed. Conidiomata eustromatic, immersed,
solitary or aggregated, spherical, dark brown, up to 360 gm diam. Conidiomatal wall
composed of dark brown polygonal cells. Conidiophores branched from the base, hyaline,
smooth, septate. Conidiogenous cells monophialidic, indeterminate, integrated or discrete,
hyaline, cylindrical, smooth with an inconspicuous collerette. Conidia obovoid, solitary,
simple, thick-walled, smooth, with rounded apex and truncate base, pale brown,
egguttulate, 3-5 x 2-2.5 gm
Specimen examined: Fresh stem of Aegle marmelos; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0075; Isolated by 3-step sterilization method.

Fuckelia ribis (Fr.) Bonord., 1864, Naturgetr. Abbild. Beschr. Schwtimme (Prague) 1:
135.

(Fig. 194)
Mycelium immersed. Conidiomata eustromatic, semi-immersed, solitary, grayish

brown, multilocular, up to 650 gm broad, Conidiomatal wall composed of dark-brown,
thick-walled, angular outer layers and sub-hyaline, thin-walled, slightly flattened,
compact inner layers of cells. Ostiole absent. Conidiophores branched, smooth, hyaline,
septate, up to 15 gm long 1.2-1.8 gm. Conidiogenous cells monophialidic, terminal and
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intercalary, integrated when terminal, discrete when intercalary, determinate, hyaline,
smooth; collarette absent. Conidia solitary, simple, ellipsoidal, uniseptate, euseptate,
constricted at the septa, smooth, hyaline, with a central large vacuole in the centre of both
cells, 5-6 x 1.5-1.8 pm.
Specimens examined: (i) Fresh stem of Aegle marmelos; Colem, Goa; 21.09.05; coll. by Gawas,
P.; Herb No. PG-0086; Isolated by 3-step sterilization method; (ii) Fresh stem of Aegle marmelos;
Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0091; Isolated by 3-step sterilization
method; (iii) Bark of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by Gawas, P.; Herb No.
PG-0550; Isolated by 3-step sterilization method; (iv) Fresh stem of Strychnos nux-vomica;
Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-1090; Isolated by 3-step sterilization
method.

Gloeosporium sp.
Mycelium

(Fig. 195)
immersed.

Conidiomata

eustromatic, semi-immersed, solitary,

unilocular, 130-180 pm in diam. Conidiomatal wall composed of outer dark brown, thickwalled, angular cells and inner thin walled, hyaline, pseudoparnechymatous cells. Ostiole
single. Conidiophores brahcned from the base, smooth, hyaline, septate. Conidiogenous

cells monophialdic, terminal, integrated, determinate, hyaline, smooth, 4-9 x 1.5-2.5 pm.
Conidia solitraty, simple, ellipsoidal, aseptate, smooth, hyaline, granular, surrounded by
thin slimy laryer which dissolves at maturity, 8-15 x
Specimen examined: Fresh leaf of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas, P.;
Herb No. PG-0101; Isolated by 3-step sterilization method.

Lasiodiplodia theobromae (Pat.) Griffon & Maubl., 1909, Bull. Soc. mycol. Fr. 25: 57.
(Fig. 196)
Colonies effuse.

Mycelium partly immersed, partly superficial composed of

branched, septate, dark brown, smooth, 4-4.5 pm thick hyphae. Conidiornata eustromatic,
superficial solitary or aggregated, globose to broadly obpyriform, dark brown to black,
unilocular, 280-330 x 260-280 pm. Conidiomatal wall dark brown to black, many
layered, thick-walled, composed of angular slightly flattened cells.

Conidiophores

micronematous.

Conidiogenous cells

Ostiole absent.

holoblastic, monoblastic,

determinate, terminal, cylindrical, hyaline, smooth, 6-12 x 2.5-3 pm. Paraphyses smooth,
filiform, hyaline, septate, up to 60 pm long. Conidia solitary, dry, acrogenous, simple,
ellipsoidal, thick-walled, hyaline and aseptate when young, dark brown and uniseptate at
maturity with longitudinal striations on the surface, rounded at both ends, slightly
constricted at the septa, 20-35 x 10-15 pm.
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Specimens examined: (i) Fresh leaf of Centella asiatica; Mashem, Goa; 17.05.05; coll. by Gawas,
P.; Herb No. PG-0416; Isolated by 3-step sterilization method; (ii) Plant litter of Centella asiatica;
Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0420; Isolated by moist chamber
incubation method; (iii) Bark of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb
No. PG-0588; Isolated by 3-step sterilization method; (iv) Leaf litter of Garcinia indica; Colem,
Goa; 26.10.05; coll. by Gawas, P.; Herb No. PG-0633; Isolated by moist chamber incubation
method; (v) Plant litter of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb
No. PG-0728; Isolated by moist chamber incubation method.

Lasmeniella sp.

(Fig. 197)

Colonies brown. Mycelium immersed. Conidiomata eustromatic, semi-immersed,
solitary or aggregated, olivaceous brown, multilocular, up to 600 tm in diam. Ostiole
absent. Conidiophores unbranched, smooth, hyaline. Conidiogenous cells monoblastic,
integrated, determinate, terminal, cylindrical, hyaline, with no proliferations.

Conidia

solitary, acrogenous, simple, thick-walled, with a central hyaline pore, smooth, aseptate,
globose with truncate base, olivaceous brown, eguttulate, 2.5-3.5 tm in diam.
Specimen examined: Fresh leaf of Aegle marmelos; Colem, Goa; 01.05.06; coll. by Gawas, P.;
Herb No. PG-0089; Isolated by 3-step sterilization method.

Monochaetia kansensis (Ellis & Barthol.) Sacc., 1906, Syll. fung. (Abellini) 18: 485.
(Fig. 198)
Mycelium partly immersed, partly superficial, composed of branched, septate,
hyaline, smooth hyphae. Conidiomata acervular, solitary to confluent, immersed,
composed of pale brown, thin walled angular cells. Conidiophores hyaline to sub-hyaline,
branched, septate, smooth, straight to flexuous, cylindrical.

Conidiogenous cells

holoblastic, integrated, terminal, percurrent, cylindrical to subulate, hyaline to subhyaline, smooth, 12-20 x 2 tm. Conidia solitary, semi-endogenous, fusiform, straight to
sometimes slightly curved, smooth, 4-euseptate, versicoloured. Terminal cells hyaline,
with a very short, simple, hyaline, 1-2 tm long, appendages on both sides. Median cells
broadly cylindrical, thick-walled, brown, 21-24 x 8-9 tm at the broadest region.
Specimen examined: Fresh stem of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by
Gawas, P.; Herb No. PG-0955; Isolated by 3-step sterilization method.

Monochaetia karstenii (Sacc. & P. Syd.) B. Sutton, 1970, Can. J. Bot. 47(12): 2091.

(Fig. 199)
Mycelium partly immersed, partly superficial, composed of branched, septate,
hyaline, smooth hyphae. Conidiomata acervular, solitary to confluent, immersed,
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composed of pale brown, thin walled angular cells. Conidiophores hyaline to subhyaline, branched, septate, smooth, straight to flexuous, cylindrical. Conidiogenous cells
holoblastic, integrated, terminal, percurrent, cylindrical to subulate, hyaline to subhyaline, smooth, 12-20 x 2 gm. Conidia solitary, semi-endogenous, slimy, fusiform,
straight to sometimes slightly curved, smooth, 4-euseptate, versicoloured. Terminal cells
hyaline, with a very short, simple, hyaline, 1-2 gm long, appendages on both sides;
median cells broadly cylindrical, with dark thick-walled, septa, brown, 18-28 x 5-6.5 gm
at the broadest region; apical appendage single, occasionally branched, up to 4-6 gm long.
Specimens examined: (i) Leaf litter of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas,
P.; Herb No. PG-0667; Isolated by particle plating method; (ii) Fresh leaf of Hemidesmus indicus;
Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0745; Isolated by leaf washing method;
(iii) Fresh stem of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No.
PG-0924; Isolated by 3-step sterilization method.

Monostichella sp.
Mycelium

(Fig. 200)
immersed, branched, pale brown, septate, smooth.

Conidiomata

acervular, separate or confluent, composed of pale to dark brown, thick-walled angular
cells. Setae absent. Conidiophores absent or micronematous. Conidiogenous cells
monophialidic, determinate, cylindrical, hyaline, smooth, 6-8 x 1.5-2 gm; collarette
absent. Conidia solitary slimy, semi-endogenous, simple, ellipsoidal to broadly
cylindrical with obtuse, slightly curved apex and truncate base, guttulate, smooth,
aseptate, hyaline, 12-16 x 6.5-8.5 gm.
Specimen examined: Fresh leaf of Justicia adhatoda; Colem, Goa; 26.04.06; coll. by Gawas, P.;
Herb No. PG-0372; Culture No. GUFCC 4983; Isolated by leaf washing method.

Nanoschema elaeocarpi B. Sutton, 1980, The Coelomycetes (Kew): 589.

(Fig. 201)

Mycelium immersed, pale brown. Conidiomata solitary or in groups of 2-3,
superficial, dark brown to black, tubular, unilocular, ostiolate, fimbriate in the apical
region covering the ostiole, up to 140 inn high, 50-70 gm wide. Stroma present,
pseudoparenchymatous. Peridial wall thin composed of pale to dark brown mycelial
threads. Basal wall comparatively thicker, darker and with angular cells. Conidiophores
branched, hyaline, septate, smooth, up to 30 gm long, 2.5-3.5 gm wide. Conidiogenous
cells monophialidic, integrated and discrete, terminal, determinate, cylindrical, collarette
absent. Conidia in slimy mass, simple, smooth, uniseptate, cylindrical to ellipsoidal with
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Fig. 194: Fuckelia ribis
Fig. 195: Gloeosporium sp.
Fig. 196: Lasiodiplodia theobromae
Fig. 197: Lasmeniella sp.
Fig. 198: Monochaetia kansensis
Fig. 199: Monochaetia karstenii
Fig. 200: Monostichella sp.
Fig. 201: Nanoschema elaencarpi
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slight constriction at the septa, euseptate, sometimes slightly curved, rounded at the apex,
acutely truncate at the base, eguttulate, 10-15 x 3-4.2 gm.
Specimen examined: Fresh stem of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0604; Isolated by 3-step sterilization method.

Neonendersonia sp.

(Fig. 202)

Mycelium immersed. Conidiomata eustromatic, semi-immersed to erumpent,
solitary to in groups, dark brown, multilocular, globose, 700-1100 x 700-800 gm.
Conidiomatal wall composed of thick- walled, dark brown to black cells with intricate
texture. Conidiophores absent. Conidiogenous cells monoblastic, discrete, determinate,
sometimes percurrent, hyaline, smooth. Conidia solitary, simple, cylindrical to clavate,
smooth, 7- pseudoseptate, hyaline to pale brown, 47-54 x 5-6

fIM.

Specimen examined: Bark of Garcinia indica; Colem, Goa; 01.10.05; 'coll. by Gawas, P.; Herb
No. PG-0592; Isolated by 3-step sterilization method.

Pellionella macrospora Spencer, 1921, Bot. Gaz. 72: 276.

(Fig. 203)

Colonies brown, punctiform. Mycelium immersed. Conidiomata eustromatic,
rostrate, with a globose base, solitary or in groups, erumpent, convolvulated, composed of
layers of dark brown to black, thick-walled, intricately arranged cells, up to 690 gm long,
ostiolar canal up to 490 x 120 gm wide. Stroma pseudoparenchymatous, composed of
thick-walled brown cells. Ostiole single, apical, circular. Conidiophores absent.
Conidiogenous cells monoblastic, determinate, cylindrical, hyaline to sub-hyaline,
smooth, 8-12 x 3-4.5 pm. Conidia solitary, simple, ovoid to ellipsoidal, smooth, brown,
with fine, hyaline longitudinal striations, rounded at the apex, truncate at the base, thickwalled, eguttulate, with a single median, thick, euseptate, 28-34 x 10-15 gm; when young
the conidia is hyaline, thick-walled and aseptate.
Specimen examined: Bark of Strychnos nux vomica; Colem, Goa; 11.12.04; coll. by Gawas, P.;
Herb No. PG-1058; Isolated by 3-step sterilization method.
-

(Fig. 204)

Pestalotia sp.

Mycelium immersed. Conidiomata eustromatic, black to dark brown, immersed, 120-180
Conidiomatal wall composed of brown, angular cells. Conidiophores straight to
flexuous, branched, septate, cylindrical, smooth, sub-hyaline, 7-10 x 1.5-2 gm.
Conidiogenous cells monoblastic, integrated, terminal, percurrent, cylindrical to subulate,
hyaline to sub-hyaline, smooth. Conidia 16-24 x 6-6.5 pm wide at the broadest region,
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solitary, fusiform, straight, sometimes slightly curved, smooth, 4-euseptate,
versicoloured; basal conidial cell conical, hyaline, with simple, cellular 2-3 tm
appendage; apical cell conical, hyaline, with 2-3 cellular appendages 10-15 gm long.
Middle cells broadly cylindrical to doliiform, brown, thick-walled; second septa from the
base thickened compared to the other septa.
Specimens examined: (i) Fresh stem of Justicia adhatoda; Colem, Goa; 15.08.04; coll. by Gawas,
P.; Herb No. PG-0314; Isolated by 3-step sterilization method; (ii) Bark of Syzygium cumini;
Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-0997; Isolated by 3-step sterilization
method; (iii) Leaf litter of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb
No. PG-1050; Isolated by particle plating method.

Pestalotiopsis mangiferae (Henn.) Steyaert, 1948, Bull. Jard. bot. Etat Brux. 19: 320.
(Fig. 205)
Mycelium immersed. Conidiomata acervular, solitary or confluent, immersed,
380-450 gm. Conidiomatal wall composed of pale brown, thin-walled, angular cells.
Conidiophores straight to flexuous, branched, septate, cylindrical, smooth, sub-hyaline to
pale brown, 8-14 x 1-1.5 gm. Conidiogenous cells monoblastic, integrated, terminal,
percurrent, cylindrical to subulate, hyaline to sub-hyaline, smooth. Conidia 18-21 x 5.56.5 tm solitary, fusiform, straight, sometimes slightly curved, smooth, 4-euseptate,
versicoloured; basal conidial cell conical, hyaline with simple, cellular appendage; apical
cell conical, hyaline, with 2-3 simple cellular appendages. Middle cells broadly
cylindrical to doliiform, brown, thick-walled; appendage filiform, up to 18 tm long; basal
appendage hyaline, straight, 4-6 gm.
Specimens examined: (i) Bark of Justicia adhatoda; Colem, Goa; 15.08.04; coll. by Gawas, P.;
Herb No. PG-0323; Isolated by 3-step sterilization method; (ii) Fresh leaf of Syzygium cumini;
Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG-0988; Isolated by 3-step sterilization
method; (iii) Fresh stem of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb
No. PG-0996; Isolated by 3-step sterilization method; (iv) Leaf litter of Syzygium cumini;
Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-1052; Isolated by particle plating
method.

Pestalotiopsis microspora (Speg.) G.C. Zhao & N. Li, in Batista et al., 1995, Journal of
(Fig. 206)

Northeast Forestry University 23(4): 23.

Mycelium immersed. Conidiomata acervular, solitary or confluent, immersed, 300-420
gm. Conidiomatal wall composed of sub-hyaline to pale brown, thin-walled, angular
cells. Conidiophores sub-hyaline to pale brown, branched, straight to flexuous, septate,
cylindrical, smooth. Conidiogenous cells monoblastic, integrated, terminal, percurrent,
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cylindrical to subulate, hyaline to sub-hyaline, smooth. Conidia glioid, fusiform, straight
to slightly curved, smooth, 4-euseptate, versicoloured, 18-24 x 5-6.5 gm. Basal cell
conical, hyaline with single cellular appendage; apical cell conical, hyaline, with 2 simple
cellular appendages; median cells cylindrical, thick-walled, brown; basal appendage
single, simple, straight, endogenous, 3-4 p.m long; apical appendages 10-15 p.m long.
Specimens examined: (i) Fresh leaf of Aegle marmelos; Mashem, Goa; 28.12.05; coll. by Gawas,
P.; Herb No. PG-0123; Isolated by leaf washing method; (ii) Leaf litter of Aegle marmelos;
Mashem, Goa; 28.12.05; coll. by Gawas, P.; Herb No. PG-0132; Isolated by particle plating
method; (iii) Fresh leaf of Centella asiatica; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb
No. PG-0415; Isolated by 3-step sterilization method; (iv) Leaf litter of Centella asiatica;
Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0436; Isolated by particle plating
method; (v) Leaf and stem litter of Emblica officinalis; Mashem, Goa; 16.03.06; coll. by Gawas,
P.; Herb No. PG-0559; Isolated by moist chamber incubation method; (vi) Leaf litter of Garcinia
indica; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0632; Isolated by moist chamber
incubation method; (vii) Fresh leaf of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0644; Isolated by leaf washing method; (viii) Fresh leaf of Garcinia indica;
Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-0655; Isolated by leaf washing method;
(ix) Bark of Syzygium cumini; Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-0999;
Isolated by 3-step sterilization method; (x) Fresh root of Hemidesmus indicus; Colem, Goa;
07.05.06; coll. by Gawas, P.; Herb No. PG-0684; Isolated by 3-step sterilization method; (xi)
Fresh leaf of Hemidesmus indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0740;
Isolated by leaf washing method; (xii) Fresh leaf of Hemidesmus indicus; Mashem, Goa;
28.12.04; coll. by Gawas, P.; Herb No. PG-0743; Isolated by leaf washing method.

Pestalotiopsis theae (Sawada) Steyaert, 1949, Bull. Jard. bot. Etat Brux. 19(3): 327.
(Fig. 207)

Mycelium immersed. Conidiomata acervular, solitary or confluent, immersed,
280-340 x 320-370 p.m. Conidiomatal wall composed of pale brown, thin-walled, angular
cells. Conidiophores sub-hyaline to pale brown, branched, septate, cylindrical, smooth,
straight to flexuous, 12-22 x 2 p.m. Conidiogenous cells monoblastic, integrated, terminal,
percurrent, cylindrical to subulate, hyaline to sub-hyaline, smooth. Conidia 20-30 x 6-7
p.m solitary, fusiform, straight, sometimes slightly curved, smooth, 4-euseptate,
versicoloured; basal cell conidial hyaline with endogenous, cellular, simple appendage;
apical cell conical, hyaline, with 2-3 simple cellular appendages. Middle cells broadly
cylindrical to doliiform, brown, thick-walled,; appendage filiform, 10-21 gm long; basal
appendage hyaline, straight, 5-8 gm.
Specimens examined: (i) Fresh leaf of Andrographis paniculata; Colem, Goa; 18.02.05; coll. by
Gawas, P.; Herb No. PG-0174; Isolated by 3-step sterilization method; (ii) Leaf and stem litter of
Andrographis paniculata; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG 0212; Isolated
by particle plating method; (iii) Bark of Alstonia scholaris; Colem, Goa; 17.07.04; coll. by
Gawas, P.; Herb No. PG-0240; Isolated by 3-step sterilization method; (iv) Bark of Alstonia
scholaris; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0257; Isolated by 3-step
-
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sterilization method; (v) Fresh stem of Alstonia scholaris; Mashem, Goa; 18.01.05; coll. by
Gawas, P.; Herb No. PG-0263; Isolated by 3-step sterilization method; (vi) Leaf litter of Alstonia
scholaris; Colem, Goa; 11.01.05; coll. by Gawas, P.; Herb No. PG-0293; Isolated by particle
plating method; (vii) Fresh stem of Justicia adhatoda; Colem, Goa; 17.10.05; coll. by Gawas, P.;
Herb No. PG-0312; Isolated by 3-step sterilization method; (viii) Fresh leaf of Justicia adhatoda;
Colem, Goa; 26.04.06; coll. by Gawas, P.; Herb No. PG-0315; Isolated by 3-step sterilization
method; (ix) Fresh leaf of Justicia adhatoda; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb
No. PG-0351; Isolated by 3-step sterilization method; (x) Fresh leaf of Emblica officinalis;
Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0534; Isolated by 3-step sterilization
method; (xi) Fresh leaf of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by Gawas, P.; Herb
No. PG-0543; Isolated by 3-step sterilization method; (xii) Leaf litter of Emblica officinalis;
Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb No. PG-0570; Isolated by particle plating
method; (xiii) Leaf litter of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb
No. PG-0636; Isolated by moist chamber incubation method; (xiv) Fresh leaf of Garcinia indica;
Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0649; Isolated by leaf washing method;
(xv) Leaf litter of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.; Herb No. PG-0657;
Isolated by particle plating method; (xvi) Fresh leaf of Semecarpus anacardium; Colem, Goa;
11.04.05 ; coll. by Gawas, P.; Herb No. PG-0923; Isolated by 3-step sterilization method; (xvii)
Fresh stem of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG0944; Isolated by 3-step sterilization method; (xviii) Leaf litter of Semecarpus anacardium;
Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0975; Isolated by particle plating
method; (xix) Fresh leaf of Strychnos nux-vomica; Colem, Goa; 01.05.06; coll. by Gawas, P.;
Herb No. PG-1070; Isolated by 3-step sterilization method; (xx) Fresh stem of Strychnos nuxvomica; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-1073; Isolated by 3-step
sterilization method; (xxi) Fresh stem of Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by
Gawas, P.; Herb No. PG-1115; Isolated by 3-step sterilization method; (xxii) Fresh leaf of
Strychnos nux-vomica; Mashem, Goa; 25.02.05; coll. by Gawas, P.; Herb No. PG-1134; Isolated
by leaf washing method; (xxiii) Leaf litter of Emblica officinalis; Colem, Goa; 21.11.05; coll. by
Gawas, P.; Herb No. PG-1149; Isolated by particle plating method.

(Fig. 208)

Phoma eupyrena Sacc., 1879, Michelia 1(5): 525.

Colonies effuse, off-white to pale brown. Mycelium partly superficial, partly immersed
composed of branched, septate, smooth, pale brown, 2.5-3 i.tm thick hyphae. Conidiomata
pycnidial, immersed, sometimes erumpent, brown to dark brown, solitary, sometimes
aggregated, ostiolate, 260-300 i.tm diam. Conidiomatal wall composed of angular, brown
cells.

Ostiole

single, central, non-papillate.

Conidiophores

micronematous.

Conidiogenous cells monophialidic, determinate, ampulliform with inconspicuous
collarette. Conidia solitary, slimy, simple, ellipsoidal to obovoid, smooth, 0-1 septate,
hyaline, guttulate, 3-5 x 1.5-2 i.tm.
Specimen examined: Leaf litter of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.;
Herb No. PG-0389; Isolated by particle plating method.
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Fig. 202: Neonendersonia sp.
Fig. 203: Pellionella macrospora
Fig. 204: Pestalotia sp.
Fig. 205: Pestalotiopsis mangiferae
Fig. 206: Pestalotiopsis microspora
Fig. 207: Pestalotiopsis theae
Fig. 208: Phoma eupyrena
Fig. 209: Phoma hedericola
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Phoma hedericola (Durieu & Mont.) Boerema, 1976, Trans. Br. mycol. Soc. 67(2): 295.
(Fig. 209)
Colonies effuse, off-white to pale brown, irregular, cottony, showing medium
growth rate on MEA. Mycelium partly superficial, partly immersed composed of
branched, septate, smooth, pale brown, 2-3 gm thick hyphae. Conidiomata pycnidial,
immersed, sometimes erumpent, brown to dark brown, solitary, sometimes aggregated,
ostiolate, 350-450 x 250-280 Conidiomatal wall composed of angular, brown cells.
Ostiole single, central. Setae absent. Conidiophores micronematous. Conidiogenous cells
monophialidic, determinate, ampulliform with inconspicuous collarette. Conidia solitary,
slimy, acrogenous, simple, ellipsoidal to broadly cylindrical, smooth, aseptate, hyaline,
eguttulate, 4-7 x 2.5-3 gm.
Specimen examined: Fresh root of Andrographis paniculata; Colem, Goa; 26.09.04; coll. by
Gawas, P.; Herb No. PG-0159; Isolated by 3-step sterilization method.

Phoma lycopersici Cooke, 1885, Grevillea 13 (68): 94.

(Fig. 210)

Colonies effuse, off-white to pale brown, irregular, fast growing. Mycelium
immersed composed of branched, septate, off-white, smooth, 1.5-2 gm thick hyphae.
Setae absent. Conidiomata pycnidial, semi-immersed to erumpent, brown, globose to
obpyriform, solitary or aggregated, ostiolate, 130-260 x 160-260 gm. Conidiomatal wall
composed of angular, pale brown cells.
Conidiophores

micronematous.

Ostiole single central, non-papillate.

Conidiogenous cells

monophialidic, determinate,

ampulliform with inconspicuous collarette. Conidia solitary, slimy, simple, ellipsoidal to
cylindrical, smooth, 0-1 septate, hyaline, guttulate, 3.5-6 x 2-3 gm.
Specimens examined: (i) Plant litter of Andrographis paniculata; Mashem, Goa; 28.12.04; coll.
by Gawas, P.; Herb No. PG-0218; Isolated by particle plating method; (ii) Fresh stem of Justicia
adhatoda; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No. PG-0344; Culture No. GUFCC
4988; Isolated by 3-step sterilization method; (iii) Fresh root of Hemidesmus indicus; Colem,
Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0677; Isolated by 3-step sterilization method.

Phomopsis acanthi (Sacc. & D. Sacc.) Grove, 1920, Bull. Misc. Inf., Kew (10): 427.
(Fig. 211)
Mycelium partly immersed, partly superficial, composed of branched, septate, smooth,
hyaline hyphae. Conidiomata eustromatic, immersed, sometimes erumpent, dark brown to
black, aggregated, multilocular, up to 750-900 x 650-700 ostiolate. Conidiomatal
wall composed of dark brown, thick walled angular cells, inner cells thin walled, sub-
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hyaline to pale brown, angular cells. Ostiole single, central. Conidiophores short,
branched at the base, smooth, up to 20 p.m long. Conidiogenous cells monophialidic,
integrated, determinate, terminal or intercalary, cylindrical with inconspicuous collarette.
Conidia solitary, slimy, simple, smooth, aseptate, hyaline, of 2 types: a-conidia
ellipsoidal to fusiform, 5-8.5 x 1.5-2 p.m. 13-conidia filiform, geniculate,12-17 p.m long,
less than 1 p.m wide.
Specimens examined: (i) Bark of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.;
Herb No. PG-0331; Isolated by 3-step sterilization method; (ii) Fresh stem of Justicia adhatoda;
Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG-0340; Isolated by 3-step sterilization
method; (iii) Bark of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No.
PG-0347; Isolated by 3-step sterilization method; (iv) Fresh stem of Justicia adhatoda; Mashem,

Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0354; Isolated by 3-step sterilization method.

Phomopsis arnoldiae B. Sutton, 1980, The Coelomycetes (Kew): 571.

(Fig. 212)

Mycelium partly immersed, partly superficial, composed of branched, septate,
smooth, hyaline hyphae. Conidiomata eustromatic, immersed, sometimes erumpent, dark
brown to black, aggregated, up to 450 p.m high, 720-860 p.m wide, ostiolate.
Conidiomatal wall composed of dark brown, thick walled angular cells, inner cells thin
walled, sub-hyaline to pale brown, angular cells. Ostiole single, central. Conidiophores
short, branched at the base, smooth, 10-14 um long. Conidiogenous cells monophialidic,
discrete or integrated, determinate, terminal, cylindrical with inconspicuous collarette, 78.5 x 1-1.5 p.m wide in broadest region. Conidia solitary, slimy, simple, smooth, aseptate,
hyaline, of 2 types: a-conidia fusiform straight, biguttulate, 5.5-9.5 x 1-1.5 p.m. /3-conidia
filiform, hamate to geniculate, sometimes straight, 14-21 p.m long, less than 1 p.m wide.
Specimens examined: (i) Fresh stem of Aegle marmelos; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0062; Isolated by 3-step sterilization method; (ii) Fresh stem of Andrographis
paniculata; Mashem, Goa; 13.02.06; coll. by Gawas, P.; Herb No. PG-0183; Isolated by 3-step
sterilization method; (iii) Fresh leaf of Alstonia scholaris; Colem, Goa; 17.07.04; coll. by Gawas,
P.; Herb No. PG-0225; Isolated by 3-step sterilization method; (iv) Fresh stem of Semecarpus
anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0930; Isolated by 3-step
sterilization method.

Phomopsis sclerotioides Kesteren, 1967, Netherlands Journal of Plant Pathology 73:
(Fig. 213)

115.

Colonies immersed. Conidiomata eustromatic, immersed, sometimes erumpent,
dark brown to black, solitary or aggregated, 800-1200 pm in diam., ostiolate.
Conidiomatal wall composed of outer dark brown, thick-walled, few layers of angular
cells and inner thin walled, sub-hyaline to pale brown, angular cells. Ostiole single,
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central. Conidiophores short, branched at the base, smooth, hyaline. Conidiogenous cells
monophialidic, integrated, determinate, terminal, hyaline, cylindrical with inconspicuous
collarette. a-conidia slimy, simple, smooth, aseptate, hyaline to sub-hyaline, fusiform,
straight, biguttulate, 7.5-9.5 x 2-3 IAM. fl-conidia absent. Sclerotia usually formed in
culture.
Specimens examined: (i) Fresh stem of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas,
P.; Herb No. PG-0629; Isolated by 3-step sterilization method; (ii) Fresh leaf of Garcinia indica;
Mashem, Goa; 18.01.05; coll. by Gawas, P.; Herb No. PG-0653; Isolated by leaf washing method.

Phomopsis stipata (Lib.) B. Sutton, 1967, Trans. Br. mycol. Soc. 50: 356.
Mycelium immersed. Conidiomata up to 540

(Fig. 214)

eustromatic, erumpent, dark

brown to black, globose to sub-globose, ostiolate, aggregated, composed of dark brown
thick-walled angular cells. Inner cells pale brown, thin-walled. Ostiole single, central.
Conidiophores short, branched at the base, smooth, filiform, 8-10 IAM long, 1-1.5 IAM
wide. Conidiogenous cells monophialidic, integrated, determinate, terminal or intercalary,
cylindrical with inconspicuous collarette, 6-7.5 x 1-1.5 IAM. a-conidia absent. fl-conidia in
slimy mass, simple, smooth, aseptate, hyaline, filiform, hamate to geniculate, 16-24 IAM
long, less than 1 IAM wide.
Specimens examined: (i) Fresh stem of Aegle marmelos; Colem, Goa; 22.12.05; coll. by Gawas,
P.; Herb No. PG-0063; Isolated by 3-step sterilization method; (ii) Fresh stem of Aegle marmelos;
Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0074; Isolated by 3-step sterilization
method; (iii) Fresh stem of Andrographis paniculata; Colem, Goa; 01.10.05; coll. by Gawas, P.;
Herb No. PG-0156; Isolated by 3-step sterilization method; (iv) Bark of Justicia adhatoda;
Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0322; Isolated by 3-step sterilization
method; (v) Bark of Justicia adhatoda; Colem, Goa; 21.05.05; coll. by Gawas, P.; Herb No. PG0332; Isolated by 3-step sterilization method; (vi) Fresh leaf of Justicia adhatoda; Mashem, Goa;
24.01.05; coll. by Gawas, P.; Herb No. PG-0350; Isolated by 3-step sterilization method; (vii)
Litter of Justicia adhatoda; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0364;
Isolated by moist chamber incubation method; (viii) Leaf litter of Justicia adhatoda; Mashem,
Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0390; Isolated by particle plating method; (ix)
Fresh root of Centella asiatica; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No. PG-0410;
Isolated by 3-step sterilization method; (x) Plant litter of Centella asiatica; Mashem, Goa;
17.05.05; coll. by Gawas, P.; Herb No. PG-0421; Isolated by moist chamber incubation method;
(xi) Fresh stem of Emblica officinalis; Colem, Goa; 21.11.05; coll. by Gawas, P.; Herb No. PG0517; Isolated by 3-step sterilization method; (xii) Fresh stem of Emblica officinalis; Colem, Goa;
17.07.04; coll. by Gawas, P.; Herb No. PG-0519; Isolated by 3-step sterilization method; (xiii)
Fresh leaf of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by Gawas, P.; Herb No. PG-0544;
Isolated by 3-step sterilization method; (xiv) Fresh stem of Emblica officinalis; Mashem, Goa;
24.10.04; coll. by Gawas, P.; Herb No. PG-0548; Culture No. GUFCC 4962; Isolated by 3-step
sterilization method; (xv) Fresh leaf of Garcinia indica; Mashem, Goa; 16.03.06; coll. by Gawas,
P.; Herb No. PG-0627; Isolated by 3-step sterilization method; (xvi) Fresh stem of Hemidesmus
indicus; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No. PG-0692; Isolated by 3-step
sterilization method; (xvii) Fresh stem of Hemidesmus indicus; Colem, Goa; 15.08.04; coll. by
Gawas, P.; Herb No. PG-0699; Isolated by 3-step sterilization method; (xviii) Leaf and stem litter
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of Hemidesmus indicus; Colem, Goa; 07.05.06; coll. by Gawas, P.; Herb No. PG-0755; Isolated
by particle plating method; (xix) Fresh leaf of Ocimum tenuifiorum; Colem, Goa; 04.10.04; coll.
by Gawas, P.; Herb No. PG-0769; Isolated by 3-step sterilization method; (xx) Fresh leaf of Piper
belle; Colem, Goa; 10.01.05; coll. by Gawas, P.; Herb No. PG-0832; Isolated by 3-step
sterilization method; (xxi) Fresh stem of Piper belle; Colem, Goa; 10.01.05; coll. by Gawas, P.;
Herb No. PG-0833; Isolated by 3-step sterilization method; (xxii) Fresh leaf of Piper belle;
Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0868; Isolated by 3-step sterilization
method; (xxiii) Fresh root of Piper belle; Mashem, Goa; 17.05.05; coll. by Gawas, P.; Herb No.
PG-0873; Isolated by 3-step sterilization method; (xxiv) Fresh stem of Piper belle; Mashem, Goa;
24.01.05; coll. by Gawas, P.; Herb No. PG-0877; Isolated by 3-step sterilization method; (xxv)
Leaf litter of Piper belle; Mashem, Goa; 24.01.05; coll. by Gawas, P.; Herb No. PG-0915;
Isolated by particle plating method; (xxvi) Fresh stem of Semecarpus anacardium; Colem, Goa;
11.04.05; coll. by Gawas, P.; Herb No. PG-0939; Isolated by 3-step sterilization method; (xxvii)
Fresh stem of Semecarpus anacardium; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG0957; Isolated by 3-step sterilization method; (xxviii) Fresh leaf of Semecarpus anacardium;
Colem, Goa; 11.12.04; coll. by Gawas, P.; Herb No. PG-0965; Isolated by 3-step sterilization
method; (xxix) Fresh leaf of Semecarpus anacardium; Colem, Goa; 11.12.04; coll. by Gawas, P.;
Herb No. PG-0970; Isolated by leaf washing method; (xxx) Fresh leaf of Syzygium cumini;
Mashem, Goa; 13.02.05; coll. by Gawas, P.; Herb No. PG-1012; Isolated by 3-step sterilization
method; (xxxi) Bark of Strychnos nux-vomica; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb
No. PG-1085; Isolated by 3-step sterilization method; (xxxii) Leaf litter of Strychnos nux-vomica;
Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-1140; Isolated by particle plating
method; (xxxiii) Leaf litter of Strychnos nux-vomica; Mashem, Goa; 20.01.05; coll. by Gawas, P.;
Herb No. PG-1142; Isolated by particle plating method.

Phomopsis tersa (Sacc.) B. Sutton, 1980, The Coelomycetes (Kew): 573.1

(Fig. 215)

Mycelium immersed. Conidiomata up to 600 p.m diam., eustromatic, aggregated,
erumpent, dark brown to black, multilocular, ostiolate. Conidiomatal wall composed of
thick walled, dark brown angular cells. Ostiole single, central. Conidiophores short,
filiform, subulate, - smooth, septate, branched from the base, up to 12 pm long.

Conidiogenous cells monophialidic, integrated, determinate, terminal or intercalary,
cylindrical with inconspicuous collarette. a-conidia strraight, cylindrical, obtuse at both
ends, biguttulate, 6-7 x 2-2.5 pm. /3-conidia absent.
Specimens examined: (i) Fresh leaf of Emblica officinalis; Colem, Goa; 17.07.04; coll. by Gawas,
P.; Herb No. PG-0521; Isolated by 3-step sterilization method; (ii) Fresh stem of Garcinia indica;
Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0605; Isolated by 3-step sterilization
method; (iii) Fresh stem of Garcinia indica; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb
No. PG-0618; Isolated by 3-step sterilization method.

(Fig. 216)

Phomopsis sp.1

Mycelium immersed. Conidiomata up to 380 pm diam., globose to sub-globose,
eustromatic, aggregated, erumpent, dark brown to black, multilocular, ostiolate.

Conidiomatal wall composed of thick walled, dark brown angular cells. Ostiole single
central. Conidiophores short, filiform, subulate, smooth, septate, branched from the base.
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Conidiogenous cells monophialidic, integrated, determinate, terminal or intercalary,
cylindrical with inconspicuous collarette. a-conidia solitary, simple, smooth, aseptate,
hyaline to sub-hyaline, ellipsoidal, with rounded ends, 8-12 x 3-4 gm. fl-conidia absent.
Specimens examined: (i) Fresh leaf of Aegle marmelos; Colem, Goa; 15.08.04; coll. by Gawas,
P.; Herb No. PG-0083; Isolated by 3-step sterilization method; (ii) Fresh leaf of Andrographis
paniculata; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0166; Isolated by 3-step
sterilization method; (iii) Fresh stem of Ocimum tenuiflorum; Colem, Goa; 01.10.05; coll. by
Gawas, P.; Herb No. PG-0781; Isolated by 3-step sterilization method.

Phomopsis sp. 2

(Fig. 217)

Mycelium immersed. Conidiomata up to 450 gm diam., globose to sub-globose,
eustromatic, aggregated, erumpent, dark brown to black, multilocular, ostiolate.
Conidiomatal wall composed of thick walled, dark brown angular cells. Ostiole single
central. Conidiophores short, filiform, subulate, smooth, septate, branched from the base.
Conidiogenous cells monophialidic, integrated, determinate, terminal or intercalary,
cylindrical with inconspicuous collarette. a-conidia solitary, simple, smooth, aseptate,
hyaline to sub-hyaline, ellipsoidal, with rounded ends, 2-small guttules one at each end,
10-15 x 4-4.5 gm. fl-conidia absent.
Specimen examined: Fresh leaf of Garcinia indica; Mashem, Goa; 18.01.05; coll. by Gawas, P.;
Herb No. PG-0624; Isolated by 3-step sterilization method.

Phomopsis sp. 3

(Fig. 218)

Mycelium immersed. Conidiomata up to 380 gm diam., eustromatic, aggregated,
erumpent, dark brown to black, multilocular, ostiolate. Conidiomatal wall composed of
thick walled, dark brown angular cells. Ostiole single central. Conidiophores short,
filiform, subulate, smooth, septate, branched from the base.

Conidiogenous cells

monophialidic, integrated, determinate, terminal or intercalary, cylindrical with
inconspicuous collarette, 7-8 x 1-1.5 gm. a-conidia absent. 13-conidia solitary, simple,
slimy, aseptate, hyaline, filiform, hamate to geniculate, 24-29 gm long, less than 1 gm
wide.
Specimen examined: Fresh leaf of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0597; Isolated by 3-step sterilization method.

—161—

4

(

Fig. 210: Phoma lycopersici
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Fig. 212: Phomopsis arnoldiae
Fig. 213: Phomopsis sclerotioides
Fig. 214: Phomopsis stipata
Fig. 215: Phomopsis tersa
Fig. 216: Phomopsis sp.1
Fig. 217: Phomopsis sp. 2
Fig. 218: Phomopsis sp. 3
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Phyllosticta ampelicida (Engelm.) Aa, 1973, Stud. Mycol. 5: 28.

(Fig. 219)

Colonies effuse, dark brown to black, adhered to the surface, irregular with
rhizoidal margin. Mycelium immersed, composed of branched, septate, dark brown to
black, 2.5-3 tm thick hyphae. Conidiomata eustromatic, superficial, solitary or
aggregated on the stroma, globose to sub-globose, dark brown to black, unilocular.
Conidiomatal wall thick-walled, dark brown, multilayered, composed of angular flattened
cells. Conidiophores branched, hyaline, smooth, 30-35 tm long. Conidiogenous cells
monophialidic, discrete, determinate, terminal, cylindrical with inconspicuous collarette,
16-20 x 4.5 gm. Conidia solitary, semi-endogenous, simple, ellipsoidal to obclavate with
rounded apex and truncate base, smooth, aseptate, guttulate, hyaline, 9-13 x 5-6.5 gm,
with mucilaginous sheath, with a apical appendage, 6-7 tm long.
Specimens examined: (i) Fresh leaf of Andrographis paniculata; Mashem, Goa; 16.03.05; coll. by
Gawas, P.; Herb No. PG-0195; Culture No. GUFCC 4957; Isolated by 3-step sterilization method;
(ii) Fresh leaf of Garcinia indica; Colem, Goa; 26.09.04; coll. by Gawas, P.; Herb No. PG-0594;
Isolated by 3-step sterilization method.

Phyllosticta citricarpa (McAlpine) Aa, 1973, Stud. Mycol. 5: 40.

(Fig. 220)

Colonies effuse, dark grey to black with rhizoidal margin. Mycelium immersed,
composed of branched, septate, dark brown to black, 2-3 tm thick hyphae. Conidiomata
eustromatic, superficial, solitary or aggregated on stroma, globose to sub-globose, dark
brown to black, 170-210 x 110-135 gm. Conidiomatal wall dark brown, multilayered,
composed of thick-walled, angular flattened cells. Conidiophores branched, hyaline,
smooth, 4-6gm long.

Conidiogenous cells monophialidic, discrete, determinate,

cylindrical to ampulliform, hyaline. Conidia 7 -11 x 4.5-8 gm, solitary, simple, globose to
sub-globose to ellipsoidal, smooth, guttulate, aseptate, hyaline; apex obtuse with a single,
unbranched, hyaline, mucilaginous appendage, up to 13 tm long, 0.8-1.2 tm thick,
surrounded by mucilaginous sheath; base truncate.
Specimens examined: (i) Fresh leaf of Alstonia scholaris; Colem, Goa; 17.07.04; coll. by Gawas,
P.; Herb No. PG-0223; Isolated by 3-step sterilization method; (ii) Fresh leaf of Cymbopogon
citratus; Colem, Goa; 17.07.04; coll. by Gawas, P.; Herb No. PG-0452; Isolated by 3-step
sterilization method; (iii) Fresh stem of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas,
P.; Herb No. PG-0602; Isolated by 3-step sterilization method; (iv) Fresh leaf of Hemidesmus
indicus; Colem, Goa; 15.08.04; coll. by Gawas, P.; Herb No. PG-0695; Isolated by 3-step
sterilization method.
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Phyllosticta sp.

(Fig. 221)

Colonies effuse, dark gray to black, with rhizoidal margin. Mycelium immersed,
composed of branched, septate, dark gray, smooth hyphae. Conidiomata pycnidial,
solitary, superficial to immersed, dark brown to black, globose to obpyriform, unilocular,
ostiolate 250-380 x 240-300 !AM. Peridial wall composed of outer thick-walled,
polygonal, dark brown cells and inner thin walled, hyaline layers. Ostiole single, central.
Conidiophores absent. Conidiogenous cells monophialidic, discrete, determinate,
cylindrical to ampulliform, 8-10 x 2-3 !AM, hyaline. Conidia solitary, acrogenous, simple,
obovoid to clavate, guttulate, smooth, aseptate, hyaline, 8-10.5 x 4-6.5 !AM. apex obtuse
with a single mucilaginous hyaline, unbranched appendage, up to 11 !AM long; base
narrow truncate.
Specimen examined: Fresh leaf of Garcinia indica; Colem, Goa; 15.05.05; coll. by Gawas, P.;
Herb No. PG-0579; Culture No. GUFCC 4952, Isolated by 3-step sterilization method.

Pilidium concavum (Desm.) Hohn., 1915, Sber. Akad. Wiss. Wien, Math.-naturw. Kl.,
(Fig. 222)

Abt. 1 124: 148.

Colonies pale brown. Mycelium immersed. Conidiomata eustromatic, solitary, in
groups, semi-immersed, unilocular, composed of layers of dark brown to black, thickwalled intricately arranged cells; inner layers thinner, paler and more compactly arranged
polygonal cells, 95-130 !AM diam. Non-ostiolate. Conidiophores hyaline to sub-hyaline,
branched at the base, smooth, 1-3 septate,16-20 x 1.5-2 !AM. conidiogenous cells
monophialidic, determinate, terminal, cylindrical to subulate, hyaline to sub-hyaline,
smooth, 6-8 x 1.5-2; collarette absent. Conidia solitary, simple, fusiform, falcate, smooth,
aseptate, hyaline, acute at the apex, slightly obtuse at eh base, thin-walled, eguttulate, 810 x 1.5-2 !AM.
Specimen examined: Leaf and stem litter of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by
Gawas, P.; Herb No. PG-0556; Isolated by moist chamber incubation method.

Pleurophoma sp.

(Fig. 223)

Colonies effuse, off-white to pale brown. Mycelium immersed, branched, septate,
sub-hyaline, 1.5-2 !AM thick hyphae. Conidiomata pycnidial, solitary, superficial, dark
brown to black, glo'bose, ostiolate, 240-280 !AM in diam. Conidiomatal wall composed of
2 layers; outer layer of thick-walled, dark brown, compactly arranged polygonal cells;
inner layers o thin-walled, sub-hyaline to pale brown, polygonal cells. Ostiole single,
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central, non-papillate. Conidiophores hyaline, septate, filiform, 40-48 g.trn long x 1.5-2
p.m wide. Conidiogenous cells monophialidic, integrated, terminal and intercalary,
cylindrical, hyaline; opening the apical end of the cell just below the transverse septa in
case of intercalary conidiogenous cells; collarette absent.

Conidia solitary, simple,

ellipsoidal to broadly fusiform, smooth, aseptate, hyaline, eguttulate, 4-6.5 x 2-2.5 Rm.
Specimen examined: Bark of Justicia adhatoda; Mashem, Goa; 13.02.06; coll. by Gawas, P.;
Herb No. PG-0348; Isolated by 3-step sterilization method.

Rabenhorstia sp.

(Fig. 224)

Colonies effuse, pale brown. Mycelium immersed, branched, septate, pale brown,
1.5-2 glin thick hyphae. Conidiomata eustromatic, immersed to erumpent, dark brown to
black, non-ostiolate. Conidiomatal wall thick walled composed of several layers of thickwalled, dark brown intricately arranged cells. Conidiophores hyaline, septate, branched
from the base, rarely above, smooth, filiform, up to 75 gim long x 2.5-3 gim wide.

Conidiogenous cells monoblastic, integrated and discrete, terminal and intercalary,
determinate, cylindrical, smooth, hyaline. Conidia simple, ellipsoidal, rounded at the
apex, with a narrow truncate base, smooth, aseptate, hyaline, guttulate, 12-18 x 2.5-3.5

Specimens examined: (i) Leaf litter of Aegle marmelos; Colem, Goa; 18.02.05; coll. by Gawas,
P.; Herb No. PG-0128; Isolated by particle plating method; (ii) Fresh stem of Strychnos nuxvomica; Colem, Goa; 21.09.05; coll. by Gawas, P.; Herb No. PG-1095; Isolated by 3-step
sterilization method.

(Fig. 225)

Scolecosporiella sp.

Colonies brown, effuse. Mycelium immersed. Conidiomata pycnidial, solitary, in
groups or single, globose to sub-globose, semi-immersed, unilocular, ostiolate, 460-510
gim in diam. Periderm composed of dark brown, polygonal cells. Ostiole single, central,
appellate, 32-36 gim in diam. Conidiophores micronematous. Conidiogenous cells
monoblastic, determinate, pale brown, doliiform, formed from inner pycnidial wall.

Conidia solitary, acrogenous, simple, fusiform with acute pointed apex and truncate base,
smooth, 0-1 septate, euseptate, pale brown, guttulate, 6.5-11 x 1.6-2.5 Rm.
Specimen examined: Leaf and stem litter of Emblica officinalis; Mashem, Goa; 24.10.04; coll. by
Gawas, P.; Herb No. PG-0555; Isolated by moist chamber incubation method.
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Fig. 219: Phyllosticta ampelicida
Fig. 220: Phyllosticta citricarpa
Fig. 221: Phyllosticta sp.
Fig. 222: Pilidium concavum
Fig. 223: Pleurophoma sp.
Fig. 224: Rabenhorstia sp.
Fig. 225: Scolecosporiella sp.
Fig. 226: Trematophoma lignicola
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Trematophoma lignicola Petr., 1924, AimIs mycol. 22(1./2): 152.

(Fig. 226)

Colonies punctate. Mycelium immersed. Co nidiom atct pycn i di al , semi-immersed,
solitary, dark brown to black, globose to sub-globose, unilocular, 250-290 x 230-250 um.
Pycnidial wall composed of several layers of thick-walled, dark brown to black angular
cells; inner layer pale brown.

Ostiole

single, central.

Conidiophores

absent.

Conidiogenous cells monophialidic, discrete, determinate, hyaline, smooth, with minute
collarette, 7.5-16 x 4.2-4.8 um. Conidia solitary, simple, obovoid to shortly clavate, with
rounded apex and truncate base, smooth, aseptate, hyaline with a large central guttule or
sometimes a few smaller guttules, 10-15 x 6.5-7 um in the broadest region, 2-2.5 at the
base; conidial appendages absent.
Specimen examined: Fresh leaf of Strychnos nux vomica; Colem, Goa; 15.08.04; coll. by Gawas,
P.; Herb No. PG-1078; Isolated by 3-step sterilization method.
-

New taxa

Acremoniula microspora Gawas & Bhat, anam sp. nov.

(Fig. 227, 229)

Colonies effuse, brown to black. Mycelium superficial, composed of branched,
septate, hyaline, smooth, 1 um thick hyphae.

Conidiophores

micronematous,

mononematous, unbranched, straight to flexuous, hyaline, smooth. Conidiogenous cells
monoblastic, integrated and terminal, determinate, non-cicatrized, cylindrical to
doliiform, 1.4-1.8 um' thick. Conidia solitary, dry, acrogenous, simple, broadly clavate to
pyriform, truncate at the base, rounded at the apex, smooth, aseptate, dark brown to black,
thick-walled, 3.5-4.5 x 3.5-4.2 p.m.
Holotype: Fresh root of Hemidesinus indicus; Mashem, Goa; 16.03.06; coll. by Gawas, P.; Herb
No. PG-0719; Isolated by 3-step sterilization method.

The genus Acremoniula Cif. was established in 1962 with A. suprameliola Cif. as
type, to accommodate species with combination of characters such as micronematous to
semi-macronemtaous hyaline conidiophores; monoblastic, determinate conidiogenous
cells and solitary, dry, thick-walled, mid to dark brown, smooth, aseptate conidia having
truncate base (Ellis, 1971). Hughes (1979) extended the circumscription of the genus to
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accomodate species with septate spores. Till date, the genus had 5 species. Based on the
differentiating characters of each of these a dichotomous key is prepared as below.

Key to species of Acremoniula
1. Conidia septate
(2)
1. Conidia aseptate
(3)
2. Conidia 2-septate, cuneiform, 12-18 x 8-11 gm
A. brevis
2. Conidia ellipsoidal/obovoid, 3- septate with thick bands at septa,
9.5-12 x 5.6-6.5 gm
A. triseptata
3. Conidia 3.5-4.5 gm long
A. microspora
3. Conidia more than 8 gm long
(4)
4. Conidia sub-spherical/ pyriform, 12-17 x 11-15 gm; conidiophore
4-8 gm thick
A fagi
4. Conidia obovoid/ pyriform, 9-16 x 9-13 gm; conidiophore
3.5-4.5 gm thick.
A. sarcinellae
Note: The type collection of A. suprameliola Cif. is apparently lost. From Ciferri's account,
however, Deighton considered that A. suprameliola and A. sarcinellae (Pat. et Har.) Arnaud ex
Deighton are conspecific with the last named binomial being the earlier. The fungal databases,
however, do not make a reference of this.

Alternaria goanensis Gawas & Bhat, anam sp. nov.

(Fig. 228, 230)

Colonies effuse, brown. Mycelium immersed composed of branched, septate, pale
brown, 2.8-3.2 gm thick hyphae. Conidiophores branched or unbranched, pale to midbrown, smooth, up to 160 gm long, x 4.5-5.5 gm wide. Conidiogenous cells polytretic,
integrated, terminal becoming intercalary, sympodial, cicatrized, cylindrical, smooth,
sometimes finely verruculose, with conidial scars, 19-27 x 4.5-5.5 gm. Conidia catenate,
in branched acropetal chains, dry, simple, obclavate, verrucose, 2-6 euseptate, only
transversely septate, rarely longitudinal septa present, brown, 21-55 x 5.5-15 gm at the
widest region with elongated pale brown beak, up to 30 gm, septa extending in the beak
region, 4-5 gm wide with narrow lumen. Beak short, straight to geniculate, sometimes
two beaks at the point of chain branching.
Holotype: Fresh leaf of Emblica officinalis; Colem, Goa; 18.02.05; coll. by Gawas, P.; Herb No.
PG-0503; Isolated by 3-step sterilization method.

The genus Alternaria Nees was established as early as 1816 with A. tenuis Nees as
type to accommodate species with combination of characters such as macronematous
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Fig. 229. Acremoniula microspora
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Fig. 230. Alternaria goanensis
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conidiophores; polytretic, integrated, sympodial, cicatrized conidiogenous cells and dry,
ovoid to obclavate, brown with transverse, longitudinal and oblique eusepta. Till date the
genus accommodated 457 fungi (Indexfungorum, 2008), the recent revision of the genus
being by Simmons (2007).
The isolate of Alternaria obtained during the present study showed a close
similarity with A. loofahae E.G. Simmons & Aragaki (Simmons, 2007) but differed from
the former by following characters (Table 6).

Table 6: Distinguishing features of Alternaria goanensis from closely similar species.
Species
A.

Conidiophores

Conidia

Reference

loofahae

E.G. Up to 200 x 6-8 gm; much Dull tan, long narrow-ellipsoidal, 60- Simmons,
2007;
shorter ones in surface 70 x 10-14 gm, 7-12 transverse Mycobank, 2008
Simmons & Aragaki
sporulation. distosepta and usually no longisepta
or at most, one longiseptum in 23
transverse segments; with 170-280
gm long beak. Ovoid conidia present,
medium brown, 40-60 x 12-16 gm;
punctate or granulate.
A. goanensis Gawas & Up to 160 gm long, x 4.5- Brown, 21-55 x 5.5-15 gm at the Present study
Bhat 5.5 gm wide widest region, 2-6 transverse septa
extending in the beak region, rarely
longitudinal septa present. Beak short,
up to 30 gm, pale brown, 4-5 gm wide
with narrow lumen.

Dictyochaeta microsporae Gawas & Bhat, anam sp. nov.

(Fig. 231, 239)

Colonies effuse, brown. Mycelium partly immersed, partly, superficial composed
of branched, septate, brown, smooth, 1.5-1.8 gm thick hyphae.

Conidiophores

macronematous, mononematous, arising in groups, unbranched, sometimes branched
towards the base, straight to flexuous, brown, smooth, 30-85 x 2-2.5 gm. Conidiogenous

cells polyphialidic, integrated, percurrent and sympodial, terminal and intercalary,
cylindrical to lageniform, pale brown, 12-18 x 1.4-1.8 gm, with flared collarette. Conidia
in slimy heads, simple, ellipsoidal, smooth, aseptate, sub-hyaline, basal end darker,
sometimes biguttulate, 3-4.3 x 1.4-2.2 gm; conidial appendages absent.
Holotype: Bark of Semecarpus anacardium; Colem, Goa; 26.09.04; coll. by Gawas, P.;
Herb No. PG-0946; Isolated by 3-step sterilization method.
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The genus Dictyochaeta Speg. was erected in 1923 with Dictyochaeta fuegiana Speg. as
type. It accommodated till date 70 accepted species. Following the keys of Kuthubutheen
and Nawawi (1991) and Whitton et al. (2000) it was observed that the fungus isolated
during this study is distinct from all known species in the genus. It is similar to D.
heteroderae (Morgan-Jones) Aramb. & Cabello in having ellipsoidal, non-setulate,
aseptate, guttulate conidia but differed in having conidia much smaller (3-4.3 x 1.4-2.2
gm) and a thicker base as compared to D. heteroderae (9-13 x 3-4 gm).

Echinosphaeria macrospora Puja, Bhat & K.D. Hyde, in Puja, Shenoy, Hyde & Bhat,
2006, Cryptog. Mycol. 27 (1): 11-20.

(Fig. 232, 233)

Ascomata perithecial, pyriform, 410-490 gm high, 150-265 gm wide at the
middle broadest region, gregarious, often growing in groups of 2-8 on a small stromatic
base, black, velvety, cupulate when dry, with short, conical, centrally located apical
ostiole. Peridium pseudoparenchymatous, 2-layered, composed of angular, slightly
flattened cells. Outer layer dark brown, with 5-7 row of compactly laid, uniformly
thickened, angular cells 3-7 gm diam. Inner layer hyaline to subhyaline, with 4-6 rows of
closely packed, narrow, thin-walled cells. Paraphyses not observed. Asci arising from the
basal cells of inner peridium, 8-spored, clavate, unitunicate, pedicillate, slightly narrower
at the tip, nonamyloid, with conspicuous apical ring, 120-165 x 14-17.5 gm. Ascospores
allantoid to vermiform, hyaline to subhyaline, aseptate, guttulate, smooth-walled,
biseriately arranged in the asci, 41-45 x 6-11 gm.
Holotype: Fresh stem of Centella asiatica; Colem, Goa; 24.01.05; coll. by Gawas, P.; Herb No.
PG-0401; Isolated by 3-step sterilization method.

The monotypic ascomycetous genus, Echinosphaeria is typified by E. canescens
(Pers: Fr.) A.N. Mill. & Huhndorf. The type species is a basionym of Lasiosphaeria
canescens (Pers.) Karst. Mycoth. fenn. (Helsinki) 2: 162, 1873) (= Sphaeria canescens
Pers., Syn. Meth. Fung.: 72, 1801). The genus is characterised by perithecial ascomata
with 8-spored, unitunicate, nonamyloid asci containing allantoid, guttulate, hyaline,
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smooth-walled, biseriately arranged ascospores (Saccardo, 1883; Miller and Huhndorf,
2004). Echinosphaeria canescens was previously reported to have Endophragmiella
anamorph and a Selenosporella-like synanamorph (Hughes, 1979; Sivanesan, 1984) and
in this study E. macrospora was found to have a Vermiculariopsiella anamorph.
Echinosphaeria macrospora is typical of the genus in having carbonaceous,
shining, soft ascomata, unitunicate, nonamyloid, 8-spored asci and hyaline, allantoid
ascospores. Echinosphaeria macrospora differs from E. canescens in having wider asci
(14-17.5 tm vs. 10-12 gm) and large-sized ascospores (41-45 x 6-11 tm vs. 20-28 x 45 gm) (Table 7). The length of asci was not indicated in the description of the type
species [=Lasiosphaeria canescens(Pers.) Karst.] and hence could not be considered for
comparison (Saccardo, 1883; Miller and Huhndorf, 2004).

Table 7: Distinguishing features of known species of Echinosphaeria
Species
E. canescens (Pers:
Fr.)
Mill. & Huhndorf

E.

Ascocarp
Sub-globose
to ovoid

macrospora Pyriform

Puja, Bhat & K.D.
Hyde

Ascus
Cylindric-clavate,
10-12 µm wide

Ascosp ore
Uniseptate, 2028 x 4-51.tm
wide

Reference
Saccardo (1883),
Miller
&
Huhndorf (2004)

Clavate,
pm long

Aseptate, 4145 pm long
and 6-11 pm
wide

Present study
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Harpophora konkanensis Gawas & Bhat, anam sp. nov.

(Fig. 234, 240)

Colonies effuse, pale brown. Mycelium partly immersed, partly superficial,
composed of branched, septate, sub-hyaline to pale brown, smooth, 2-4 tm thick hyphae.
Conidiophores semi-macronematous, mononematous, unbranched, sometimes branched,
0-1 septate, pale brown, smooth, up to 15 gm. Conidiogenous cells monophialidic,
determinate, lageniform, 6.5-10 x 3-3.45 tm with a narrow collarette. Conidia solitary,
simple, filiform, recurved, C-shaped or sigmoid, aseptate, smooth, hyaline, 5-8.5 tm
long, less than 1 tm wide.
Holotype: Fresh stem of Achyranthes aspera; Mashem, Goa; 10.01.05; coll. by Gawas, P.; Herb
No. PG-0021; Isolated by 3-step sterilization method.
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The genus Harpophora Gams was established with H. radicicola (Cain) W.Gams
as type to accommodate species earlier described in Phialophora but possessing
cylindrical, hyaline, aseptate, conidia with a strong curvature. The genus till date
accommodated 4 species (Gams, 2000). The fungus referred in this study is distinct in
conidiophore and conidial measurements and therefore proposed to be a new species.

Phaeoacremonium emblicae Gawas & Bhat, anam sp. nov.

(Fig. 235, 237)

Colonies effuse, pale brown. Mycelium partly superficial„ partly immersed.
Superficial Mycelium composed of branched, septate, pale brown, spirally coiled 2-3 gm
thick hyphae, forming coils. Conidiophores macronematous, mononematous, arising from
the coiled region of the hyphae, branched, or unbranched, straight to flexuous, smooth, up
to 28 x 2-2.5 gm, lowermost cell pale brown and thick-walled, rest hyaline to subhyaline. Conidiogenous cells monophialidic, integrated, discrete when intercalary,
terminal, lageniform to subulate, integrated cells sometimes proliferating, 10-24 x 1.5-2.6
gm. narrow collarette observed in proliferating conidiogenous cells. Conidia solitary,
slimy, simple, ovoid to ellipsoidal, smooth, aseptate, hyaline to sub-hyaline, 2-2.6 x 1-1.5

Holotype: Bark of Emblica officinalis; Colem, Goa; 17.07.04; coll. by Gawas, P.; Herb No. PG0528; Isolated by 3-step sterilization method.

Phaeoacremonium indicum Gawas & Bhat, anam sp. nov.

(Fig. 236, 238)

Colonies effuse, brown. Mycelium partly immersed, partly superficial; superficial
Mycelium composed of branched, septate, pale brown, smooth, spirally coiled 2.2-2.5 gm
thick hyphae from which Conidiophores arise; older hyphae warted. Conidiophores
macronematous, mononematous, arising from coiled region of hyphae, branched towards
the apex or unbranched, straight to flexuous, versicoloured with the basal cells brown and
thick walled, smooth up to 30-115 µm long, 2-2.6 gm wide. Conidiogenous cells
monophialidic, integrated, often proliferating, lageniform to subulate, 12-30 x 1.4-2.6 gm
at base; proliferating Conidiophores producing thick walled, brown cell followed by a
new conidiogenous cell; collarette present at the apex of the proliferating phialide.
Conidia in slimy heads, simple, ellipsoidal to cylindrical, smooth, aseptate, hyaline to
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Fig. 233. Echinosphaeria macrospora
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Fig. 234 Harpophora konkanensis
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sub-hyaline, variable in size, 2.6-6.8 x 1-1.5 um often forming a slimy mass at the
proliferating region of the conidiophore.
Holotype: Bark of Semecaipus anacardium; Coleco, Goa; 11.12.04; coll. by Gawas, P.; Herb No.

PG-0928; Isolated by 3-step sterilization method.

The genus Phaeoacremonium W. Gams, Crous & M.J. Wingf. was established in
1996 with Phaeoacremonium parasiticum (Ajello, Georg & C.J.K. Wang) W. Gams,
Crous & M.J. Wingf. as type The genus is characterized by pigmented conidiophores that
gradually become paler towards the upper region, slender aculeate phialides with
minutely flaring collarettes and hyaline conidia. The genus so far accommodated 22
species (Mostert et al., 2006) which are compared to the new proposed species (Table 8).

Table 8: Distinguishing features of Phaeoacremonium indica and P. emblicae from
closely similar species
Species

Conidiophore

Conidiogenous cells

P. aleophilum W. Gams,

Short and usually unbranched, 17-42
um long

Elongate-ampulliform
attenuated at the base

Short and unbranched, 17-43 um long

subcylindrical or navicular

Short and usually unbranched, 16-61
um long

Elongate
ampulliform,
constricted at the base

Short and unbranched, 16-42 [im long

Subcylindrical
and
navicular
Elongate,
attenuated at the base
Elongate and ampulliform

Crous, M.J. Wingf. &
Mugnai
P. alvesii L. Mostert,
Summerb. & Crous
P. amstelodamense L.
Mostert, Summerb. &
Crous
P. angustius W. Gams,
Crous & M.J. Wingf.
P. argentinense L. Mostert,
W. Gams & Crous
P. australiense L. Mostert,
Summerb. & Crous
P. austroafricanwn L.
Mostert, W. Gams & Crous

P. griseorubrum L.
Mostert, Summerb. &
Crous
P. inflatipes W. Gams,
Crous & M.J. Wingf.

Short and unbranched, 16-35 um long
Short and unbranched, 17-50 um long
Short and unbranched 16-42 um long

Short and occasionally branched, 2370 um long
Branched in the basal region, 18-40
um long

-
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Elongate-ampuliiform
attenuated t the base or subcylindrical
or
elongate-ampulliform
navicular
elongate-ampulliform,
attenuated at the
base
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P. iranianum L. Mostert,
Grafenhan, W. Gams & Crous
P. kraf de/ill L. Mostert,
Summerb. & Crous

Short and unbranched, 20-50 [im long

Sub-cylindrical

Short and usually unbranched, 20-45
Rin long

P. mortoniae Crous & W.
Gams

Short and unbranched 20-30 j.im long

P. novae-zelandiae L.
Mostert, W. Gains & Crous

Medium length and branched, 19-55
j.ini long

el ongate-ampull i form,
attenuated at the
base
Elongate-ampuliiform
attenuated at the base or
sub-cylindrical
Subcylindrical
and
navicular

P. parasiticwn (Ajello, Georg
& C.J.K. Wang) W. Gams,
Crous & M.J. Wingf.
P. rubrigenwn W. Gams,
Crous & M.J. Wingf.
P. scolyti L. Mostert,
Summerb. & Crous

Long and branched, 27-80 pm long

subcylindrical

Short and unbranched, 23-51 Jim long

Elongate-ampulii form
attenuated at the base
elongate-ampulli form,
attenuated or constricted at
the base

P. sphin.ctrophorum L.
Mostert, Summerb. & Crous

Short and often branched, 13-39 pm
long

P. subulatum L. Mostert,
Summerb. & Crous
P. tardicrescens. L. Mostert,
Summerb. & Crous

Short and unbranched, 18-32 j.im long

P. theobromatis L. Mostert,
H.C. Evans, Summerb. &
Crous
P. venezuelense L. Mostert,
Summerb. & Crous
P. viticola J. Dupont

P. indicum Gawas & Bhat sp.
nov.
P. emblicae Gawas & Bhat sp.
nov.

Short and unbrnached, 17-35 Rrn long

Elongate-ampuliifom
attenuated or cionstricted at
the base
Sub-cylindrical to subulate

mostly short and
unbranched, 16-52
pm long
Short and unbranched, 18-40 Rrn long

Sub-cylindricla to subulate

Short and occasionally branched, 2848 pm long
Short and unbranched, 18-49 j.ina long

Subcylindrical to navicular

Branched towards the apex or
unbranched, 30-115 pm long, 2-2.6
Rrn wide.
Branched, or unbranched, up to 28
j.im long, 2-2.5 Rrn wide.

Rachicladosporium indicum Gawas & Bhat, anam sp. nov.
Colonies effuse, grayish brown, dense. Mycelium

Sub-cylindrical

Elongate-ampuliiform
attenuated at the base or
sub-cylindrical
Lageniform to subulate, 1230 x 1.4-2.6 j.im at base;
proliferating
Lageniform to subulate, 1024 x 1.5-2.6 Rm.

(Fig. 241, 242)
partly immersed, partly

superficial composed of branched, smooth, septate, pale brown, 2-2.5 µm thick hyphae.
Conidiophores macronematous, mononematous, branched, straight to flexuous, brown,
smooth, 280-330 x . 2.5-3

Conidiogenous cells polyblastic, integrated when terminal
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or discrete on short lateral branches, cylindrical to narrowly, obclavate, non-cicatrized, 716 gm long. Conidia catenate, in branched acropetal chains, dry, acropleurogenous,
fusiform, truncate at one end when terminal, truncate at both ends when intercalary,
smooth, mostly aseptate, sometimes uniseptate, euseptate, pale to mid-brown, 7-16 x 2-3
gm when aseptate, 16-22 x 2-3 gm when uniseptate.
Holotype: Fresh stem of Centella asiatica; Mashem, Goa; 28.12.04; coll. by Gawas, P.; Herb No.
PG-0413; Isolated by 3-step sterilization method.

The monotypic genus Rachicladosporium Crous, U. Braun & C.F. Hill, was
established in 2007 with Rachicladosporium luculiae Crous, U. Braun & C.F. Hill as
type. The genus, unlike Cladosporium s. str and allied cladosporioid genera, is
characterized by apical conidiophore rachis with inconspicuous to subconspicuous scars
and unthickened, not darkened-refractive conidial hila. The isolate obtained in this study
is in agreement with the above mentioned generic characters but differed form the type in
having longer conidiophores and conidia as depicted in Table 9.

Table 9: Distinguishing features of Rachicladosporium indicum from known species
Species

Conidiophores

Rachicladosporium
luculiae Crous, U.
Braun & C.F. Hill

Upto 60 µm long, 6 Ellipsoid, pale brown, 0-1 Crous et al.,
m wide, finely septate, smooth to finely 2007
verruculose
verruculose, 9-12 x 3-4

R. indicum Gawas &
Bhat

280-330 long, 2.5-3
wide, smooth

Conidia

Reference

Cylindrical to fusiform with Present study
truncate ends, smooth, 0lseptate, 7-22 x 2-3 ).tm

Vermiculariopsiella endophytica Puja, Bhat & K.D. Hyde, in Puja, Shenoy, Hyde &
Bhat, 2006, Cryptog. Mycol. 27 (1): 11 20.
-

(Fig. 243, 244)

Colonies moderate to fast growing in culture, attaining diam of 5.5-6 cm in 7
days, flat, with irregular to rhizoidal margin, off-white to pale brown, reverse pale brown.
Sporodochia develop on small stromatic base, scattered, cream to peach-coloured, setose,
with smooth, septate, sparsely branched, hyaline to pale-coloured 75-85 x 6-9 gm
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Fig. 242 Rachicladosporium indicum
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conidiophores; setae 3-5, smooth, 2-6-septate, unbranched, straight to slightly curved at
base, dark brown, pointed at the tip, 180-318 gm long, 10-11 gm wide at base, 6-7 pm
wide at the center; arising from basal thick-walled, brown 5-7 gm diam stromal cells.
Conidiogenous cells monophialidic, integrated to discrete, 22 25 x 10 111.1m, without a
-

conspicuous collarette.

-

Conidia solitary, cylindrical, rounded at both - ends, smooth,

aseptate, hyaline, 32-42 x 10-11 gm, in mass peach-coloured.
Holotype: (i) Fresh stem of Centella asiatica; Colem, Goa; 24.01.05; coll. by Gawas, P.; Herb No.
Caenc-3, PG-0400; Isolated by 3-step sterilization method.
Additional specimens examined: (i) Bark of Strychnos nux-vomica; Colem, Goa; 11.12.04; coll.
by Gawas, P.; Herb No. PG-1059; Isolated by 3-step sterilization method; (ii) Fresh leaf of
Strychnos nux-vomica; Colem, Goa; 01.05.06; coll. by Gawas, P.; Herb No. PG-1071; Isolated by
3-step sterilization method.

Vermiculariopsiella, typified by V. immersa (Desm.) Bender (Bender, 1932) is
characterised by setose sporodochia, with hyaline, non-septate conidia produced in slimy
mass on compact columns of cylindrical to obclavate phialidic conidiogenous cells.
Recently, three new species have been added to the genus from India by Keshavaprasad
et al. (2003), who also provided a key to the existing species. The taxa within the genus
differ in organization of sporodochia, shape and size of setae, branching of conidiophores
and phialides and, shape and size of conidia. An important, notable taxonomic
rearrangement associated with Vermiculariopsiella is segregation of two species, V.
microsperma Castaffeda Kendrick and V. ludoviciana Castafieda, Cano & Guano
(Pirozynski, 1962; Kirk and Sutton, 1985; Arambarri & Cabello, 1989; Castafieda and
Kendrick, 1991; Pasqualetti and Zucconi, 1992; Arambarri et al., 1997; Castafieda et al.
1997; Index Fungorum 2008) from the genus. All recognized species of the genus are
listed and compared in Table 10.
Amongst the species described in the genus Vermiculariopsiella, V. endophytica is
close to V. falcata only in conidial dimension. The conidia are 36-47 pm long in V.
falcata and 31-36 gm long in V. endophytica. However, conspicuous phialidic collarettes
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and 3-septate, falcate conidia of V. falcata are not present in V. endophytica. Though the
shape and architecture of V. parva, V. elegans and V. indica are similar to V. endophytica,
the conidia in the latter differ markedly in size.

—187—

_
S •. 4
.

41$

•
I

'

tri

Fig. 244. Vermiculariopsiella endophytica
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Table 10: Distinguishing features of Vermiculariopsiella species described so far.
Species

Setae

Conidiophores

Conidiogenous cells

Conidia
Reference

V. arcicula Pasqual. &
Zucconi

Unbranched

V. cornuta (Rao & de
Thrice
Hoog) Nawawi, Kuthub. dichotomously
& Sutton
branched
V. cubensis (Castaileda) Branched with
primary and
Nawawi, Kuthub. &
Sutton
secondary
branches
V. elegans
Unbranched
Keshavaprasad, D'souza
& Bhat
V. falcata Nawawi,
Unbranched
Kuthub. & Sutton
V. immersa (Desm.)
Bender.

Unbranched

V. indica
Unbranched
Keshavaprasad, D'souza
& Bhat
V. parva Keshavaprasad, Unbranched
D'souza & Bhat
Unbranched
V. parvula Nawawi,
Kuthub. & Sutton

Branched

Unbranched

Rarely branched

Branched

Mono- to polyphialidic,
lageniform with flared
collarette
Polyphialidic, obclavate to
cylindrical

Aseptate, fusiform, 15-19.5 IL.tm long

Pasqualetti &
Zucconi (1992)

Cylindrical, curved near acuminate
apex

Monophialidic, subcylindric to
lageniform with recurved
cylindric neck recurved with a
flared collarette
Monophialidic, no
conspicuous collarette

Data not available

Nawawi &
Kuthubutheen
(1990)
Nawawi &
Kuthubutheen
(1990)

Rarely branched Monophialidic, cylindrical
with distinct collarette
Rarely branched

Branched

Branched
Branched

Monophialidic, subcylindric to
lageniform with recurved
cylindric neck recurved with a
flared collarette
Monophialidic, no
conspicuous collarette
Monophialidic, no
conspicuous collarette
Monophialidic, subcylindric to
lageniform, flared collarette

Aseptate, 20-27.tm long

Keshavaprasad et
al. (2003)

3-septate, guttulate, falcate with
pointed and curved apex, truncate to
rounded base 36-47 iLim long
Aseptate, guttulate, cylindrical with
pointed and curved apex, base
obtuse to rounded13-23 gm long.

Nawawi &
Kuthubutheen
(1990)
Bender (1932)

Aseptate, cylindrical 12-14tm long

Keshavaprasad et
al. (2003)

Aseptate, cylindrical 22-34tm long

Keshavaprasad et
al. (2003)
Nawawi &
Kuthubutheen
(1990)

Aseptate, guttulate, cylindrical with
apex slightly curved and pointed,
base rounded to obtuse 8-13 ium
long

V. ramosa (Sutton)
Nawawi, Kuthub. &
Sutton

Once
dichotomously
branched

V. spiralis Crous,
Wingf. & B. Kendr.

Unbranched
spirally twisted

V. endophytica Puja,
Bhat & K.D. Hyde

Unbranched

Rarely branched

Rarely branched

Monophialidic, subcylindric to
lageniform with recurved
cylindric neck recurved with a
flared collarette
Monophialidic, subcylindric to
lageniform, with recurved
ends, collarette
Monophialidic, inconspicuous
collarette, sub cylindric

Data not available

Nawawi &
Kuthubutheen
(1990)

Aseptate, cylindric apex curved and
pointed, base obtuse rounded 15-19
pm long
Aseptate, cylindrical, 32-42 tm long
and 10-13 pm wide

Crous et al.
(1995)
Present study

4.1.2 Anamorph-teleomorph connections
During the study, while working with many of the cultures in vitro occasionally
Anamorph-teleomorph connections were observed. Many of these are already reported
and this study forms yet another evidence to support this relationship. One of the
connection, that between

Vermiculariopsiella endophytica

and Echinosphaeria

macrospora, both being new species to science was reported for the first time and has
been validly published (Puja et al., 2005).
1. Ascotricha chartarum / Dicyma chartarum
2. Emericella nidulans / Aspergillus nidulans
3. Eurotium chevalieri / Aspergillus penicilloides
4. Guignardia bidwelli/ Phyllosticta ampelicida
5. Guignardia citricarpa / Phyllosticta citricarpa
6. Echinosphaeria macrospora/ Vermiculariopsiella endophytica
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Part 2: Molecular Characterization of selected isolates

4.2.1. DNA polymorphism in Phomopsis stipata isolates through RAPD
During the present study, a number of isolates of Phomopsis stipata was recovered from
the host plants investigated. A morpho-taxonomic description of these has been presented
in Part-1 of the results.
A modest attempt was made to examine whether the similar—looking isolates
recovered from different host plants exhibited any DNA polymorphism. Three of the
isolates, viz. GUFCC 4949, GUFCC 4950 and GUFCC 4951, obtained from Hemidesmus
indicus, Adhatoda vasica and Piper betle respectively, were selected for the study. These
were subjected to RAPD analysis using a single primer, OPK-19. The OPK-19 primer has
been employed previously and proved to be useful in studying intra- and inter-specific
genetic variability among Phomopsis isolates (Jiang et al., 2003).
A total of 13 bands were produced on the agarose gel (Fig: 245). These bands
were clearly polymorphic indicating intra-specific variation among the three species. This
exercise also proved that RAPD is an efficient method and OPK-19 an adept primer in
detecting intra-specific DNA polymorphism in Phomopsis stipata isolates.

4.2.2. rDNA Sequence analysis of Phyllosticta sp.
An isolate of Phyllosticta sp. (GUFCC 4952) was subjected to partial rDNA sequence
analysis using forward and reverse primers, ITS1, ITS4, NL1 and NL4. The study
resulted in the amplification of 552 base sequences from the ITS1, 5.8S, ITS2 and the
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Fig 245: RAPD profile of Phomopsis stipata isolates with OPK-19 primer.
Position 1= GUFCC 4949, 2= GUFCC 4950, 3= GUFCC 4951, M= 100 by
marker
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Dl/D2 region of large subunit of the DNA. The sequence data generated was submitted to
Genbank (Accession no. EU 650319).
When the sequence obtained was analyzed through BLAST against the
sequences available at GenBank, EMBL, DDBJ and PDB, it showed closest lineage (97%
homology) with Phyllosticta sp. (strain CPC 11336). It also showed 97% homology with
Guignardia philoprina and G. gaultheriae, 96% with G. bidwelli, 95% with G. vaccinii
and 94% with G. citricarpa. The sequence was compared to the closely related sequences
available at the database (Table 1) using Clustal X. Parsimony searches for this data
using PHYLIP resulted in two equally most parsimonious trees. One of the most
parsimonious trees is given (Fig. 246) with each branch having a strong bootstrap support
obtained from 1000 replications.
Through sequence analysis the fungus was found to be distinct from the
ubiquitously occurring endophyte, P. capitalensis (G. mangiferae) and the plant
pathogenic P. citricarpa (G. citricarpa). It also differed considerably from many other
closely similar species such as G. philoprina and G. gaultheriae. The isolate also differed
morphologically from P. evernia, previously recorded from the same host genus. DNA
sequence data for P. evernia however was not available for comparison.
The DNA sequence data showed a close homology with genus Guignardia which
is a known teleomorph of Phyllosticta and this study is yet another evidence to support
this connection. Recent revision of the genus by Van der Aa and Vanev (2002) attempted
redisposition of several species of Phyllosticta into other genera and retained only 143
species within the genus. The redisposition also proved that these species are not really
host specific (Pandey et al., 2003, Rodrigues et al., 2004). The fungus studied here could
either be a new species of Phyllosticta or hitherto known but not-yet-sequenced taxa.
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Fig 246: One of the two equally parsimonious trees generated from the ITS1, 5.8 S, ITS2
and D1/D2 sequences of 25 isolates showing the relation of the Phyllosticta isolate studied
with those available at gene banks. Bootstrap values greater than or equal to 50% (1000
replicates) are shown at the branches
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Part 3: Screening of fungal isolates for their antimicrobial activity
A total of sixty-five randomly selected isolates of fungi recovered from various
substrates and tissue types of eleven plant hosts were subjected to screening of
antimicrobial property. Crude methanolic culture extracts were prepared and tested
through agar diffusion assay against a panel of 5 test organisms which included 2
filamentous fungi (Alternaria brassicicola and Apergillus niger), 1 yeast (Candida

albicans) and 2 bacteria (Bacillus subtilis and Escherichia coli).
The results of the assay have been detailed out in Table 11 and presented
graphically in Figs._ 248-252. Pictorial presentation of some of the high bioactive culture
extracts is given in Fig. 247.
As evident from Table 11, out of the 65 cultures screened, 44 were bioactive.
Thirty two of these showed antifungal property against at least one of the fungal/yeast
cultures while twenty-six exhibited antibacterial property. Majority of the cultures (22)
were active against Alternaria brassicicola whereas minimum activity was seen against

Bacillus subtilis. Six of the culture extracts showed very high bioactivity, 5 of which
(Amerosporopsis gaubae, Monostichella sp., Phaeotrichoconis crotalariae,NSM 002 and
NSM 045) were selectively active against single microbe tested. One of the culture
extracts (NSM 005) showed a broad antifungal activity.
Cultures of same species / similar morphotypes isolated from different hosts,
substrates, tissue types or sites were compared for their activity pattern. Alysidium resinae
(GUFCC 4960 and 4995) isolated as an endophyte from Emblica officinalis and

Cymbopogon citratus respectively from Site I when compared showed varying bioactivity
patterns. The former was biologically inactive while the later had mild antifungal and
anti-bacterial activity. Similar was the case when Corynespora cambrensis (GUFCC 4981
and 4987) isolates recovered from Garcinia indica fresh stem and bark respectively from
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Site I were compared. The former showed anti-bacterial activity while the later showed
mild anti-fungal activity. Guignardia bidwelli (GUFCC 5424 and 5422) isolated from
fresh leaf and stem respectively of Centella asiatica exhibited antifungal property but
against different microbes, one against Aspergillus niger and the other against Alternaria
brassicicola. Morphologically similar non-sporulating isolates (GUFCC 4978 and 4963)
recovered as endophyte from Syzygium cumini from two different study sites also varied
in their activity pattern. Isolate obtained from Site I showed good activity against
Escherichia coli and was also mildly active against the yeast, Candida albicans while that
from Site II was biologically inactive. Similarly, varying degrees of activity was observed
between identical non-sporulating cultures GUFCC 5419 and 4959 both isolated as
endophyte from Andrographis paniculata from different study sites. The former was
mildly active against a single bacterium while the later showed no anti-bacterial but
strong anti-fungal activity. Both GUFCC 5408 and 5417 (identical non-sporulating
isolates) were active against E. coli with varying degrees of activity but only the later
showed mild antifungal activity. From the limited examples in this study, it can be said
that the bioactivity pattern of a fungal strain could be the combined influence of the type
of host, substrate, tissue or geographical location from where the fungus collected.
As regards to the creativity index of the two groups of fungi, 27 out of 38
sporulating cultures and 17 of the 27 non-sporulating cultures were bioactive. This
accounts 0.71 and 0.63 activity index respectively for sporulating and non-sporulating
cultures. Of the six highly active culture extracts, 3 belonged to the sporulating group and
3 to the non-sporulating one.

- 198 -

I Fig 247: Sensitivity of standard cultures against commercially available
antibiotics (positive controls) and against test culture extracts

Nystatin against
Aspergillus niger

Culture extract (GUFCC 4959 Control against Aspergillus
niger
against Aspergillus niger

Nystatin against
Alternaria brassicicola

Culture extract (GUFCC 4956) Control against Alternaria
brassicicola
against Alternaria brassicicola

Nystatin against
Alternaria brassicicola

Culture extract (GUFCC 4959) Control against Alternaria
brassicicola
against Alternaria brassicicola
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Fig 248: Relative activity of cultures bioactive against E. colt
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Table 11: Antimicrobial activities of cultures screened
E. coli

B. subtilis

C. albicans

A. niger

A.
brassicicola

2.66±1.15
0.0712
---------

-----------

--------2
0.1034

IZ
AI

3.33±1.15
0.188
1.66±0.58
0.094
----2.66±1.15
0.151
2.33±0.58
0.132

--

---

Endophyte

IZ
AI

---

---

---

-----

----3.33±1.15
0.108
--2.66±1.15
0.0867
1.5±0.71
0.0489

Garcinia indica

Endophyte

IZ

--

--

--

--

--

4984

Piper betle

Phylloplane

Andrographis
paniculata
Garcinia indica

Endophyte

IZ
AI
IZ
AI
IZ

2
0.1132
3.0±1.41
0.169
--

------

------

--3.0±1.41
0.1552
--

1.5± 0.71
0.0489
2
0.0652
--

Endophyte

--

--

--

4998

Cymbopogon citratus

Endophyte

IZ
AI
IZ
AI
IZ

--

4964

Andrographis
paniculata
Syzygium cumini

----

----

----

1.5±0.71
0.0776
--

2
0.0652
----

Culture
No.
(GUFCC )
5407

Host

Present as

Ocimum sanctum

Endophyte

4979

Adathoda vasica

Phylloplane

Alternaria tenuissima

4967

Emblica officinalis

Endophyte

4.
5.
6.

Alternaria tenuissima
Alysidium resinae
Alysidium resinae

4991
4960
4995

Adathoda vasica
Emblica officinalis
Cymbopogon citratus

Saprophyte
Endophyte
Endophyte

7.

Alysidium resinae

4977

Syzygium cumini

Endophyte

8.

Amerosporiopsis

4961

Emblica officinalis

4975

Sr.
No.

Fungus

1.
2.

Acremonium
byssoides
Alternaria alternata

3.

10.

gaubae
Ardhachandra
cristaspora
Aspergillus glaucus

11.

Aspergillus ustus

5418

12.

Cladosporium
cladosporioides
Cladosporium
cladosporioides
Cladosporium
aysporum
Cladosporium
sphaerospermum

4986

9.

13.
14.
15.

4997

Saprophyte

Endophyte

IZ
AI
IZ
AI
IZ
AI
IZ
IZ
IZ
AI

14.33±2.08
0.467

Colletotrichum
gloeosporioides
Colletotrichum
gloeosporioides
Corynespora
cambrensis
Corynespora
cambrensis
Corynespora
cambrensis
Corynespora
cambrensis
Drechslera
australiensis
Drechslera sp.

4965

Syzygium cumini

Endophyte

5420

Endophyte

4973

Andrographis
paniculata
Piper betle

4987

Garcinia indica

Endophyte

4981

Garcinia indica

Endophyte

5411

Cymbopogon citratus

Endophyte

5409

Cymbopogon citratus

Endophyte

4971

Piper betle

Endophyte

5414
5423

Cymbopogon citratus
Centella asiatica

Endophyte
Phylloplane

26.

Exserohilum halodes
Fusarium
subglutinans
Guignardia bidwelli

4957

Endophyte

27.

Guignardia bidwelli

5422

Andrographis
paniculata
Centella asiatica

28.

Guignardia bidwelli

5424

Centella asiatica

Endophyte

29.

Monostichella sp.

4983

Adathoda vasica

Phylloplane

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

30.

Paecilomyces

31.

javanicus
Periconia laminella

32.

Pestalotiopsis
microspora

4970

Garcinia indica

Endophyte

Endophyte

Saprophyte

4976

Garcinia indica

Endophyte

4999

Centella asiatica

Saprophyte

------------

1.5±0.71
0.0489
--6
0.195
2.5±0.71
0.0815
----

7.66±3.78
0.28
--

-----2
0.1034
----

---

--2.0±1.41
0.0732
2

1.66±0.58
0.0858
----

-----3.0±1.41
0.0978
--1.66±0.58
0.0541
--1.66±0.58
0.0541
--

-----

0.0732
2
0.0732
--

-----

-----

IZ
AI
IZ
AI
IZ
AI
IZ
AI
IZ
AI
IZ

--2
0.113
----4.66±1.15
0.264
--

------------

--------

IZ
AI
IZ
AI
IZ
IZ
AI
IZ
AI
IZ
AI
IZ
AI
IZ
AI
IZ

1.66±0.58
0.094
-----

-------

--2
0.0732
---

----

8.33±0.57
0.223
--

--7.33±1.15

----

0.415
2

AI
IZ
AI
IZ

0.113
----

---

33. ' Phaeotrichoconis
crotalariae
34. Phoma lycopersici
35.
Phomopsis stipata
Vermiculariopsiella
36.
indica
Verticillium
37.
nigrescens
38.
UC 17

4955

Achyranthes aspera

Endophyte

4988
4962
4985

Adathoda vasica
Emblica officinalis
Garcinia indica

Endophyte
Endophyte
Endophyte

5410

Ocimum sanctum

Endophyte

4954

Achyranthes aspera

Endophyte

39.
40.

NSM 001
NSM 002

4992
4978

Piper betle
Syzygium cumini

Endophyte
Endophyte

41.
42.

NSM 002
NSM 004

4963
4953

Endophyte
Endophyte

43.

NSM 005

5419

44.

NSM 005

4959

45.

NSM 006

5408

Syzygium cumini
Andrographis
paniculata
Andrographis
paniculata
Andrographis
paniculata
Aegle marmelos

46.

NSM 006

5417

Aegle marmelos

Endophyte

47.

NSM 008

4990

Syzygium cumini

Endophyte

48.
49.

NSM 008
NSM 010

5412
5421

Cymbopogon citratus
Aegle marmelos

Endophyte
Endophyte

50.

NSM 010

5415

Aegle marmelos

Endophyte

51.
52.

NSM 014
NSM 030

4989
4966

Syzygium cumini
Emblica officinalis

Endophyte
Endophyte

Endophyte
Endophyte
Endophyte

IZ
AI
IZ
IZ
IZ

------

3.33±1.15
0.0892
----

2.0±1.0
0.0732
----

------

23±1.73
0.75
----

IZ
AI
IZ
AI
IZ
IZ
AI
IZ
IZ

2.33±1.53
0.132
---8.0 ±2.0
0.453
---

1.33±0.58
0.0356
--------

-----1
0.0366
---

--2.33±0.57
0.1205
------

----------

IZ
AI
IZ
AI
IZ
AI
IZ
AI
IZ
AI
IZ
IZ
AI
IZ
AI
IZ
IZ
AI

----1.66±0.58
0.094
3.33±1.15
0.188
--2
2
0.113
2.33±1.53
0.132
----

3.0±1.41
0.08
-----------------

--3.0±1.0
0.109
---------------

--11.33±-0.57
0.586
---------------

--21.33±4.04
0.695
--3.0±1.41
0.0978
2
0.0652
-2.66±1.15
0.0867
---5.0±1.0
0.163

4

53.

NSM 031

4968

Emblica officinalis

Endophyte

54.

NSM 045

4956

Adathoda vasica

Endophyte

55.
56.

NSM 046
NSM 047

4980
4969

Adathoda vasica
Adathoda vasica

Endophyte
Phylloplane

IZ
AI
IZ
AI
IZ
IZ
AI
IZ
AI
IZ

----------

-------2
0.0536
--

5.0±1.41
0.183
2
0.0732
-5.0±1.41
0.183
----

-----------

--25.33±4.04
0.826
-2.66±1.15
0.0867
2.66±1.15
0.0867
--

1.66±0.58
0.094
---1
0.0566
--3.33±1.15
0.188
-n.d.

--1.66±0.57
0.0444
--------n.d.

--1.33±0.57
0.0487
--------27.33± 0.15

--

-37.33±2.3

1
n.d.

------------19.33±
0.58
1
n.d.

--

--

57.

NSM 074

4996

Aegle marmelos

Endophyte

58.

NSM 076

4994

Endophyte

59.

NSM 086

4993

60.

NSM 089

4958

61.
62.

NSM 112
NSM 158

5416
4982

Andrographis
_paniculata
Andrographis
paniculata
Andrographis
paniculata
Ocim um sanctum
Piper betle

63.
64.
65.

NSM 161
NSM 162
NSM 170

4972
4974
5413

Piper betle
Piper betle
Aegle marmelos

Endophyte
Endophyte
Endophyte

66.
67.

Control
Nystatin

-

-

-

IZ
AI
IZ
AI
IZ
IZ
AI
IZ
IZ
IZ
AI
IZ
IZ

68.

Streptomycin

-

-

-

AI
IZ

-17.66±2.0

AI

1

Endophyte
Endophyte
Endophyte
Phylloplane

i 1

----------30.66±3.05
1
n.d.
--

Part 4: Ecological associations between the medicinal plants and isolated fungi
An effort was made to understand the interactions between the medicinal plants studied
and the fungi recovered from different ecological niches such as leaf surface, internal
plant tissue and senescent plant parts, in different localities and seasons. For internal plant
tissues, leaf lamina, stern, root and bark were considered.

4.4.1 Diversity of fungi in different host plants
The medicinal plant hosts studied harboured an array of microfungi (Tables 12 - 26). The
highest number of fungal species was isolated from Garcinia indica (70), followed by
Andrographis paniculata (58), Alstonia scholaris (56), Emblica officinahs (54), Justicia
adhatoda (54), Strychnos nux-vomica (51) Piper betle (50), Aegle marmelos (48),
Hemidesmus indicus (48), and Ocimum tenuiflorum (45). Cymbopogon citratus showed
least diversity (40 species).
It was observed that species such as

Cladosporium cladosporioides and

Phomopsis stipata, occurring in 9 of the 11 plants, were the most abundant. Acremonium
strictum, Cladosporium oxysporum and Fusarium incarnatum were isolated from 8
plants; Aspergillus niger and Fusarium oxysporum from 7 while Alternaria tennuissima,
Cladosporium sphaerospermum, Colletotrichum gloeosporioides, Corynespora
cambrensis, C. citricola and Pestalotiopsis theae were isolated from 6 plants. Species
such as Aspergillus fumigatus, A. penicillioides, Corynespora casiicola, Ophioceras
commune and Vermiculariopsiella indica occurred periodically in 5 plants while
Aspergillus flavipes, Exserohilum halodes, Fusarium lateritium, Guignardia citricarpa,
G. mangiferae, Hansfordia pulvinata, Paecilomyces javanicus, Penicillium chrysogenum,
Pestalotiopsis microspora, Phyllosticta citricarpa and Scolecobasidium constrictum
appeared in 4 of the 11 plants studied. Rest of the fungi were recovered sporadically in 3
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or less plants and these included 275 fungal species/morphotypes isolated only once from
any of the 11 plants screened.
In order to understand the closeness of the host species based on the occurrence of
fungal species, Jaccard's similarity coefficient was computed (Table 39) and nearest
neighbour linkage cluster analysis was performed (Fig. 257). Except for the fact that the
only monocot host studied, i.e. Cymbopogon citratus, which branched out early in the
dendrogram, no other specific pattern in the clustering was observed. It was also clear
from the percent similarity value (Table 39) that Cymbopogon citratus possessed the
lowest similarity in the diversity of fungi harboured.
Maximum similarity was observed between Hemidesmus indicus and Piper betle
(15.66%) and between Hemidesmus indicus and Strychnos nux-vomica (15%) both of
which formed close clusters with one another though known to be distinct taxonomically.
Rest of the plants showed varying degrees of similarities.

4.4.2 Diversity and overlapping of the fungi in 3 ecological niches
The ecological niches or microhabitats, i.e. the leaf surface for phyllopane fungi, internal
plant tissues for endophytic fungi and the litter for saprotrophic fungi, were analysed for
number of fungal species. It was observed that endophytes were the most abundant in
species diversity followed by the saprophytic fungi and phylloplane fungi, in each site
(Fig 258). When the data sets of the two sites were merged, overall richness of fungi in
the ecological niches was evident. It was observed that a proportionate number of fungal
species occurred in more than one or sometimes in all three microhabitats. This overlap
has been indicated for each plant in Table 12-22 and represented using the Venn diagram
(Fig. 259, 260). Based on the presence or absence of fungi in each of the ecological
niches examined, the former were grouped into following 7 categories:
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Fig. 257: Dendrogram for Jaccard's measure
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Fig. 258: Diversity of fungi in different microhabitats
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Fig 259: Overlap between the ecological group for each plant species (digits
indicates number of species)
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Fig 260: Overlap between the ecological group for each plant species (digits
indicates number of species)
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Sp

Group 1: Only on leaf surface
Group 2: Only the internal plant tissue
Group 3: Only on plant litter
Group 4: On leaf surface and internal plant tissue but not on plant litter
Group 5: On leaf surface and plant litter but not on internal plant tissue
Group 6: On internal plant tissue and plant litter but not on leaf surface
Group 7: In all three microhabitats
As evident from the Venn diagram (Fig. 259, 260), the fungi in Group 1, i.e. the
strict phylloplane flora, varied from plant to plant. In Alstonia scholaris, Justicia
adhatoda and Piper betle it was as high as 9 while in Andrographis paniculata,
Cymbopogon citratus and Ocimum tenuiflorum one species each belonged to this group.
In Aegle marmelos which harboured as many as 8 fungi as phylloplane inhabitants, none
was found to be strictly restricted to this group.
Group 2, the strict internal tissue colonizers, was the richest of all the 7 as far as
diversity of fungi was concerned. Andrographis paniculata recorded the highest, i.e. 24
species, while Cymbopogon citratus reported the lowest, i.e. 10 species of fungi.
The Group 3, the strict litter colonizers, was the second most diverse group and
recorded highest number of species in Alstonia scholaris (19) and lowest in Strychnos
nux-vomica (5).
Group 4 represented overlapping two ecological niches, i.e. the phylloplane and
internal plant tissue. The number of fungal species in this group was comparatively low
but consistent across all plants studied except Cymbopogon citratus and Emblica
officinilis which didn't show any overlapping. Maximum overlap was however seen in
Piper betle (4). Some of the fungi considered in Group 4 included Aspergillus flavipes, A.
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ustus, Fusarium avenaceum, Molliardiomyces coccinea, Penicillium implicatum,
Phomopsis sclerotioides, Vermiculariopsiella elegans and V. parva.
Group 5 consisted of fungi overlapping the phylloplane and litter microhabitats.
This group was the most inconsistent as in some plants such as Alstonia scholaris,
Justicia adhatoda, Ocimum tenuiflorum and Strychnos nux-vomica the number of species
was nil while in others such as Aegle marmelos and Garcinia indica, it was up to 4.
Group 6 included species of fungi that occurred both as colonizers of internal
plant tissue and senescent and dried plant parts. This group was larger than Group 4 and 5
and the 2 hosts, viz. Justicia adhatoda and Aegle marmelos, recorded 5 species each.
Some of the species included in this group were Aspergillus nidulans, A. niger,
Chaetomium globosum, Corynespora casiicola, Dendryphiella infuscans, Drechslera
australiensis, Fusarium oxysporum, Memnoniella echinata, Myrothecium roridum,
Paecilomyces lilacinus and Scolecobasidium humicola.
Group 7 consisted of species occurring in all the 3 microhabitats. The number of
fungi in this group was comparatively less but remained consistent to all host plants
studied. The plants such as Andrographis paniculata, Emblica officinalis and Piper betle
reported only one species in this group while Cymbopogon citratus and Hemidesmus
indicus recorded 4 species of fungi. Taxa such as Acremonium acutatum, Aspergillus
fumigatus, A. penicillioides, Alternaria alternata, A. tenuissima, Cladosporium
cladosporioides, C. oxysporum, C. sphaerospermum, Corynespora cambrensis, C.
citricola, Fusarium incarnatum, F. lateritium, F. moniliforme, Paecilomyces lilacinusand
Scolecobasidium constrictum occurred on all three niches in different plants.
The restriction of a fungus to a particular group was attributed only to a plant from
which it was isolated and not across all plants studied. That is, Aspergillus niger was
reported as strict litter inhabitant (Group 3) in Garcinia indica, as strict phylloplane
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colonizer (Group 1) in Hemidesmus indicus, colonizers of internal plant tissue and litter
(Group 6) in Piper betle and phylloplane and internal plant tissue (Group 4) in Aegle
marmelos. Only certain species were found to belong to a particular group even across the
plant hosts. Examples included Acrostalagmus leutoalbus inhabiting plant litter (Group 3)
in Alstonia scholaris, Andrographis paniculata and Justicia adhatoda; Colletotrichum
gloeosporioides colonizing internal plant parts (Group 2) in Andrographis paniculata,
Justicia adhatoda and Hemidesmus indicus. All species of Guignardia were recorded as
strict endophytes (Group 3) in 7 of the plants; Hansfordia pulvinata was found to be strict
litter inhabitant (Group 3) in 4 plants.

4.4.3 Dominance of fungal groups
The fungi encountered during the study belonged to the Zygomycotina, Ascomycotina,
Basidiomycotina and Deuteromycotina (Hyphomycetes and Coelomycetes). The nonsporulating morphotypes retrieved during the study could not be assigned to any of the
above divisions and classes and therefore grouped into a conjured assemblage `NSM'.
The fungi obtained from each host plant were segregated into their respective groups and,
a general picture of dominance of fungi has been drawn (Table 38; Fig. 261). As apparent
from the study, the Hyphomycetes were the most dominant followed by the NSMs. In
Andrographis paniculata the number of Hyphomycete species and NSMs was identical.
Next to follow in the rank of dominance were the Coelomycetes and Ascomycotina. In
Aegle marmelos, Garcinia indica and Hemidesmus indicus, however, the number of
Coelomycetes were higher than the NSMs. In Strychnos nux-vomica the number of
species of Coelomycetes and Ascomycotina were identical. Members of the
Basidiomycotina and Zygomycotina appeared sporadically during the isolations,. in a few
plants. Species of Basidiomycetes were isolated from 4 of the 11 host plants, viz. Aegle
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Fig 261: Dominance of fungal groups
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marmelos, Cymbopogon citratus, Justicia adhatoda and Garcinia indica whereas
members of the Zygomycotina appeared in Aegle marmelos, Justicia adhatoda and
Ocimum tenuiflorum. Members of all groups of fungi appeared in Justicia adhatoda.

4.4.4 Seasonal variation in endophytic fungal diversity and tissue colonization
Endophytic fungi isolated from the medicinal plants were compared for the variation in
their diversity and colonization frequency, in different seasons from a single location. The
colonization frequencies of each fungus in 3 different tissue types for each plant were
determined and compared (Table 27-37; Fig. 262-272). The colonization frequency of
fungi varied with tissue type, host plant and season. In Alstonia scholaris, the most
frequently isolated endophyte during dry season was a non-sporulating morphotype which
colonized 57% of the plant bark. In Aegle marmelos, Diaporthe sp. (65 %); in
Andrographis paniculata, Vermiculariopsiella indica (35 %); in Cymbopogon citratus,
NSM 008 (34%); in Emblica officinalis, Alysidium resinae (35%); in Justicia adhatoda,
Phomopsis stipata (37%); in Garcinia indica, undetermined basidiomycete (43%); in
Hemidesmus indicus, Phomopsis stipata

(37%); in Ocimum tenuiflorum, Alternaria

tenuissima (38%); in Piper betle, Vermiculariopsiella elegans (69%) and in Strychnos
nux-vomica, Guignardia citricarpa (37%) were the most frequently isolated endophytes.
Several fungi appeared as singletons on these plants. Singletons are distinct isolates that
appeared on any tissue once during the study.
The colonization frequency of each fungus in two seasonal groups varied, in most
cases, with the wet season having more fungi as compared to the dry season. Deviation to
above was observed in the bark of Aegle marmelos and Garcinia indica, root of Ocimum
tenuiflorum, stem and root of Hemidesmus indicus, leaf and bark of Stychnos nux-vomica
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Fig. 263: Seasonal variation in endophytic
colonization of Alstonia scholaris

Fig. 262: Seasonal variation in endophytic
colonization of Justicia adhatoda
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Fig. 264: Seasonal variation in endophytic
colonization of Aegle marmelos

Fig. 265: Seasonal variation inendophytic
colonization of Andrographis paniculata
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Fig. 266: Seasonal variation in endophytic
colonization of Cymbopogon citratus

Fig. 267: Seasonal variation in endophytic
colonization of Emblica officinalis
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Fig. 268: Seasonal variation in endophytic
colonization of Garcinia indica

Fig. 269: Seasonal variation in endophytic
colonization of Ocimum tenuiflorum
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Fig. 270: Seasonal variation in endophytic
colonization of Hemidesmus indicus

Fig. 271: Seasonal variation in endophytic
colonization of Strychnos nux-vomica
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Fig. 272: Seasonal variation in endophy tic
colonization of Piper belle
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Root

Wet

Bark

and leaf and stern of Piper belle. Stems of Aegle ma•melos, Emblica officinalis and
Strychnos nux-vomica showed equal colonization in both seasons. Interestingly, no
singletons appeared during the wet season. A overall picture drawn from all these
observations showed that leaf and stem colonization was high in wet season and it did not
vary much from plant to plant. The dry season on the other hand had a comparatively less
and much variable colonization percentage (Fig. 273, 274). In case of roots and bark, the
colonization percentage was low in the wet season with not much variation between
plants as compared to the dry season (Fig. 275, 276).
Comparison of the fungi recovered in two seasons from a single plant revealed
that many of the species occurred only in one season while certain others are appeared
throughout the year. For example, in Alstonia scholaris, Colletotrichum gloeosporioides
was reported only during the wet season whereas Scolecobasidium humicola appeared in
the dry season. Corynespora cambrensis was reported all through the year (Table 27).
The Simpson's diversity index for each of the plant tissue types and for the plant
species in each season was determined (Table 40). In most cases, be it individual tissue
types or the host on the whole, the wet season offered more fungal diversity than the dry
period. Diversity of fungi on leaf tissue of Andrographis paniculata and root of
Hemidesmus indicus seemed unaffected by season. In cases such as leaf of Cymbopogon
citratus, leaf and stem of Emblica officinalis, root of Hemidesmus indicus, stem and root
of Ocimum tenuiflorum, root of Piper betle and Strychnos nux-vomica and all 3 tissue
types in Justicia adhatoda, dry season exhibited more diversity than the wet. When the
overall Simpson's diversity measures was subjected to ANOVA for statistical analysis, it
was observed that the calculated F value was greater than critical F-value at p=0.043. This
suggested that the difference in diversity in two seasons was statistically significant.
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Fig 273: Box plot comparing overall leaf colonization in two seasons
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Fig 275: Box plot comparing overall root colonization in two seasons
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4.4.5 Endophytic diversity and tissue colonization in relation to collection sites
Endophytic fungi recovered from different tissues and study sites, within a single season,
were compared to understand the variation in their diversity and colonization frequency
(Table 27-37; Fig. 277-287). The influence of collection site on colonizing frequency was
found to be variable, i.e. certain plants were more colonized in Site I while certain others
in Site II. Colonization of Ocimum tenuiflorum plant parts was more in site I while that of
Alstonia scholaris, Cymbopogon citratus and Justicia adhatoda was more in site II. In
others, some of the plant parts were more colonized in Site I while other parts were more
in Site II. For instance, in Andrographis paniculata the stem tissue was more colonized in
Site I while the leaf and the root tissue was more colonized in site II. The overall
colonization of different plant tissues when compared it was observed Site 1 favoured
slightly higher in case of stem, root and bark tissue (Fig. 289 - 291). However, leaf tissue
showed more colonization at Site 2 (Fig. 288)
It was also observed that, in certain cases, the same fungus colonized different
tissues of a single plant at different frequencies, irrespective of the site. In Andrographis
paniculata the colonization of leaf tissue by Corynespora casiicola was 14% and 6% at
Site 1 and Site 2 respectively, while the same fungus colonized 3% and 4% of the stem
tissue in two sites respectively (Table 29). Both the sites showed the presence of certain
fungi as singletons in their endophytic diversity.
Similar to variation in respect of season, type of fungi reported from the two sites
was not the same. In any particular plant considered for comparison, certain species of
fungi were found only from a single site while in others in both.

Scolecobasidium

humicola, for example, isolated from Alstonia scholaris was reported only from Site 1
whereas Fusarium moniliforme

and Pestalotiopsis theae only from site 2.

Molliardiomyces
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Fig. 277: Endophytic colonization of

Fig. 278: Endophytic colonization of Aegle
marmelos at different collection sites
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Fig. 279: Endophytic colonization of
Andrographis paniculata at different
collection sites

Fig. 280: Endophytic colonization of
Cymbopogon citratus at different
collection sites
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Bark

Fig. 283: Endophytic colonization of
Garcinia indica at different collection sites

Fig. 284: Endophytic colonization of
Hemidesmus indicus at different collection
sites
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Fig. 285: Endophytic colonization of
Ocimum tenuiflorum at different collection
sites

Fig. 286: Endophytic colonization of Piper
betle at different collection sites
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Fig 288: Box plot comparing overall leaf colonization at two sites
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Fig 290: Box plot comparing overall root colonization at two sites
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coccinea and Nigrospora oryzae were reported from both the sites. Similar picture was
seen in other plants also (Table 27-37).
Fungal diversity in each of the tissue type and overall diversity in a particular plant
species, for the 2 study sites,were studied using Simpson's diversity index (Table 40).
Similar to percent colonization, the diversity of fungi in the two sites was variable. The
stem of Alstonia scholaris in Site 1 exhibited low diversity whereas the leaf and bark had
high. In Hemidesmus indicus, for all the 3 tissue types, the diversity was high in Site 1.
These variable diversity indices, even after several observations, led to a difficulty to say
as to which of the two locations could be richer in terms of diversity of endophytic fungi.

4.4.6 Overlap and uniqueness of endophytic fungi in different tissue types
Endophytic fungal diversity of different plant parts, viz, leaf, stem, root and/or bark, was
compared for all the 11 plants in both seasons and collection sites taken together. It was
observed that each of the plant parts showed varying degrees of species richness.
However, when the overlap in diversity between different tissues of a single plant was
examined it was seen that very less or at many times no species were found to be
common.
The species occurring in all three tissue types were only a few. Corynespora
casiicola was found in all tissue types in Hemidesmus indicus and Andrographis
paniculata; Acremonium byssoides in Ocimum tenuiflorum; Phomopsis sti pata

and

Vermiculariopsiella parva in Piper betle while Aspergillus fumigatus occurred in
Strychnos nux-vomica.
Maximum overlap in fungal diversity between leaf and stem tissue in plants such
as Alstonia scholaris, Andrographis paniculata, Emblica officinalis, Ocimum tenuiflorum,
Piper belle and Strychnos nux-vomica was of 3 fungal species. This was the highest

Fig. 292: Overlap between species occuring in different tissue types for each plant
species (digits indicates number of species)

Stem

Stem

c. Andrographis paniculata

d. Emblica officinalis

Stem

Stem

6
2
7

01
0

Leaf

11
Bark

Bark Leaf
f. Hemidesmus indicus

e. Garcinia indica

-228-

Fig. 293: Overlap between species occuring in different tissue types for each plant
species (digits indicates number of species)
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number for all the pairs compared. For other combinations like the leaf-root, stem-root,
leaf-bark or stem-bark the overlap was negligible ranging between 0 and 1 and in a few
cases the overlap was of two species (Fig. 292, 293).
With low overlap in fungal diversity between different tissues, it was seen that
most of the species occurring as endophytes preferred a single tissue. To cite an example
from the present study, Aegle marmelos, harboured 9 species of endophytic fungi in leaf,
12 in stem and 8 in the bark. Of these, a non-sporulating morphotype was found to be
common between stem and bark of this plant.
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Table 12: Fungi on microhabitats of Alstonia scholaris durin sin le season
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Table 13: Fungi on microhabitats of Aegle marmelos (single season)
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Table 14: Fungi on microhabitats of Andrographis paniculata (single season)
List of fungi
Pf

Site II
Sp

Pf
+

Sp
+

11

+

Acrostalagmus leutoalbus
Alternaria tenuissima
Aspergillus flavipes
Aspergillus ustus
Cladosporium cladosporioides
Cladosporium oxysporum
Colletotrichum capsici
Colletotrichum dematium
Colletotrichum gloeosporioides
Corynespora casiicola
Dendryphiella vinosa
Discosporina sp.
Fusarium incarnatum
Fusarium lateritium
Gliocladium penicillioides
Guignardia bidwelli/ Phyllosticta an
Guignardia mangiferae
Microascus trigonosporus
Penicillium citrinum
Pestalotiopsis theae
Phialophora sp.
Phoma lycopersici
Phomopsis arnoldiae
Stachylidium bicolor
Vermiculariopsiella indica

Site I
En

+

+

-

I+++

-

+

1

+

.

++
■

II+
++
++

8

III

-233-

15

1++

Total

3

2

III+

UA 1
UA 4
UC 18
NSM 004
NSM 005
NSM 009
NSM 011
NSM 076
NSM 077
NSM 078
NSM 084
NSM 085
NSM 086
NSM 087
NSM 088
NSM 089

I

+
-

II+

-

-

II

-

-

+I

-

-

11+

-

■

-

+

+

-

18

+
+
-

+
-

+
+
8

Table 15: Fungi on microhabitats of Cymbopogon citratus (single season)
List of fungi

1+-11
I
11+11+
11
I

-

I
1
I
I
I

13

13

+
4

I

-234-

I

5

+

-

Sp

I

+
+
-

Site H
En

I

-

Pf
+
+
+
-

I

Total

Sp

I++

UB 6
NSM 008
NSM 017
NSM 096
NSM 097

Site I
En

I

Acremonium acutatum
Acremonium sp. 2
Alternaria longissima
Cladosporium sphaerospermum
Corynespora cambrensis
Corynespora casiicola
Corynespora citricola
Curvularia pallescens
Drechslera australiensis
Exserohilum halodes
Fusariella sp.
Fusarium moniliforme
Fusarium oxysporum
Guignardia citricarpa /Phyllosticta citricarpa
Nigrospora oryzae
Paecilomyces lilacinus
Periconia cookei
Periconia digitata
Phialocephala sp.
Scopulariopsis flava
Stachylidium bicolor
Tetraploa aristata
Torula herbarum f quaternella
Weisneriomyces javanicus

Pf
+
+
+
-

8

7

Table 16: Fungi on microhabitats of Emblica officinalis (single season)
List of fungi
Pf

I+1

III

1

I

1
e+
II
++I

++

11

1
1

t

++

III

III

+++

+

111++

Ies

II

+

I

I+++

e++II

oII

1++

o

+e

-235-

19

4

8

++

1

3

8

+++

II

. IIII++

et+

•

Total

-

11111111+

-

+1+

-

I

I+I

NSM 098
NSM 099
NSM 100
NSM 104
NSM 105
NSM 106
NSM 107
NSM 108
NSM 169
NSM 030
NSM 031

+11+++

-

1

-

•

e

+

+

+

1e

+

1

-

Sp
.

+
+
-

-

III

-

Site H
En

Id—

Pf

I+

Sp

III—I—

+++++

Acremonium sp.I
Acremonium strictum
Alternaria goanensis
Alternaria tenuissima
Alysidium resinae
Amerosporiopsis gaubae
Aspergillus fumigatus
Aspergillus japonicus
Aspergillus penicilloides
Beltraniella portoricensis
Chaetomella raphigera
Cladosporium cladosporioides
Cladosporium oxysporum
Corynespora casiicola
Curvularia protuberata
Diaporthe sp. I
Fuckelia ribis
Fusarium subglutinans
Fusarium oxysporum
Guignardia philoprina
Lasiosphaeria sp. 1
Memnoniella echinata
Mucor piriformis
Paecilomyces lilacinus
Penicillium verrucosum
Pestalotiopsis microspora
Pestalotiopsis theae
Phomopsis stipata
Pilidium sp.
$colecosporiella sp.
Syncephalastrum racemosum
Vernticulariopsiella indica
Verticillium nigrescens
Zygosporium gibbum
UC 15

Site I
En

13

18

Table 17: Fungi on microhabitats of Justicia adhatoda (single season)

I

Cladosporiumcladospori des

1

Coleophomaempetri

I

Coletorichumgloe spori des

Eurotiumrubrum Fuckelia ribis

Fusariumincarnatum Fusariumlaterit

sp.
Gloeosporium

Gonatob tyumapiculatum
Hansfordiapulvinat

sp. sp. 2 Pestaloti psi microspora
Lasmeniel a

Penicil ium

Phomopsi arnoldiae

Phomopsi stipatc

sp.
Rabenhorstia

Rhinocladiela quaspersa

Trichotheciumroseum

Aspergillus sclerotiorum

Verticliumtheobromae Zygosporiumminus

I

ll—

UB 1 UB 5 UC 19

IA—I

II

NSM 0 6 NSM 010 NSM 016 NSM 017 NSM 071

I

-236-

12

14

Total

3

18

8

-5

NSM 072
NSM 073
NSM 074
NSM 075
NSM 170
NSM 171

el—A—

Vermiculariopsiella indica
Vermiculariopsiella parva

+11-1-11-

I++

curb
Aspergil us niger

Acremonium

Acremoniumstrictum

Aspergillus fumigatus

Sp
Site II
En
Pf
Sp
Pf

Site I
En
List of fungi

Diaporthe sp.1

Table 18: Fungi on mic
List of fungi

of Garcinia indica sin le season
Site I
Pf
En
Sp

Pf

Site II
En

Sp
I+

A cremonium strictum

II

u+

++++

t1+

I

11

I+

++

8

1

I

■

I

++

I
t

e

+—f—

u
I
+IIII

ol.,

•

Amerosporopsis gaubae
Ardhachandra cristaspor
Aspergillus flavipes
Aspergillus glaucus
Aspergillus niger
Aspergillus penicillioides
Caliciopsis myrticola
Chuppia sp.
Cladosporium cladosporioides
Cladosporium oxysporum
Corynespora cambrensis
Engyodontium album
Eurotium carnoyi
Fusarium incarnatum
Lasiodiplodia theobroma
Molliardiomyces coccineus
Monochaetia karstenii
Oidiodendron cerealis
paecilomyces javanicus
Penicillium chrysogenum
Penicillium citrinum
Periconia laminella
Pestalotiopsis microspora
Pestalotiopsis theae
Phaeoisaria glauca
Phomopsis sclerotioides
Phomopsis sp. 2
Phomopsis stipata
Phyllosticta citricarpa
Phyllosticta sp.
Scolecobasidium constrictum
Scolecobasidium humicola
Vermiculariopsiella indica
Zygosporiunz masonii

II

++

I++

+

+I
I++
I

+

I
I

13

15

lll

I
ll
l

-237-

I

+

12

I+++III

lull

Total

IA—A—I

+I++III+

-

o

UA 3
UB 4
UC I
UC 2
UC 6
NSM 004
NSM 005
NSM 008
NSM 015
NSM 019
NSM 021
NSM 022
NSM 109
NSM 110
NSM 111

-

15

8

4

Table 19: Fungi on microhabitats of Hemidesmus indicus (single season)
List of fungi

Site I

Site II
En

Ct4

Pf

1+

—1-1
I
I
I

I

i-11+

4-

+I

i-

I

1+

I+

i-111

+

I

I

I

I+

I

I

+++

1+1

I+

IA—IA—I

I+I

+
I

1+

I

II+

i++

I

1
s+I
I

-

-

-

-

+
+

-

4

19

9

9

17

8
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1+

1111

I

1

II+++

t

1+

I

11

1

++

++

11

+

11

1

I+
,

+

NSM 007
NSM 039
NSM 123
NSM 127
NSM 128
NSM 129

Sp

II

Acrenzonium strictum
Acremoniula microspora
Alternaria tennuissima
Aspergillus fumigatus
Aspergillus niger
Bast patospora chlamydosporis
Chaetomium globosum
Cladosporium cladosporioides
Cladosporium oxysporum
Cladosporium sphaerospermum
Colletotrichum gloeosporioides
Corynespora cambrensis
Corynespora casiicola
Cytosphaera mangiferae
Emericella subulata
Eurotium sp. 2
Exserohilum halodes
Fusarium incarnatum
Gliomastix luzulae
Gonatobotryum apiculatum
Guignardia citricarpa
Hansfordia pulvinata
Lasiodiplodia theobromae
Monochaetia karstenii
Paecilomyces farinosus
Paecilomyces javanicus
Penicillium chrysogenum
Penicillium implicatum
Pestalotiopsis microspora
Phoma lycopersici
Phomopsis stipata
Stachybotrys kampalensis
Thermomyces sp.
Uncigera sp.

En
+

Sp

Pf

-

Table 20: Fungi on mic

of Ocimum tenuiflorum (single season)

List of fungi
Pf

Sp

Pf

Site II
En

Sp

I

▪

+
1

I

1

+

-f-

I

1

-f-

1

I

-f-

I

++I+++ et

+

1
1

I
—I—

-f-

I

s

1

1

1

I

t+ I

1

+

-f1
1

+

1

I

1+

llllllll

+

+i

I

1
1

I

I

1

1 +

-f--f-

I

I

+

I

I

1

1

lllll

111

llll

1
1
+

ll

I +

l

I

I

-239-

15

10

3

1II

1

+

I

+

5

II

-

l

II

llll

Acremonium byssoides
Alternaria tenuissima
Arthrographis cuboidea
Ascotricha chartarum /D
chartarum
Aspergillus flavipes
Aspergillus nidulans
A spergillus penicillioides
Chaetomium globosum
Cladosporium cladosporioides
Cladosporium oxysporum
Cladosporium sphaerospermum
Colletotrichum dematium
Corynespora citricola
Curvularia lunata
Dendiyphiella infuscans
Eurotium carnoyi
Exserohilum halodes
Fusarium incarnatum
Fusarium oxysporum
Gliomastix sp. 1
Myrothecium roridum
Paecilomyces javanicus
Periconia cookei
Plectosporium tabacinum
Syncephalastrum racemosum
Thermomyces sp.
Verticillium nigrescens
UC 9
NSM 012
NSM 113
NSM 114
NSM 115
NSM 121
NSM 122
Total

Site I
En

12

11

Table 21: Fungi on microhabitats

of Strychnos nux vomica (single season)
-

List of fungi
Pf

Pf

+

+ •

-

+

-

-

Site II
En

Sp

I
I
+
I
i+
i++
i
I
i
I
i
i
i

+
+

-

+

-

-

+

-

-

i

+

I
i
i
i
i
i
i

•

I

-

-

-

-

-

i

-

i+

-

i

-

I

-

i

NSM 009
NSM 010
NSM 012
NSM 015
NSM 016
NSM 041
NSM 139
NSM 140
NSM 141
NSM 142

Sp

+

Acremonium strictum
Aspergillus flavipes
Aspergillus fumigatus
Aspergillus penicillioides
Aspergillus wentii
Cladosporium cladosporioides
Cladosporium sphaerospermum
Clonostachys agarwalii
Corynespora cambrensis
Corynespora citricola
Fusarium incarnatum
Fusarium moniliforme
Fusarium oxysporum
Guignardia citricarpa
Mariannaea camptospora
Memnoniella echinata
Myrothecium roridum
Nigrospora oryzae
Paecilomyces lilacinus
Pellionella macrospora
Penicillium citrinum
Pestalotiopsis theae
Phomopsis stipata
Rhinocladiella atrovirens
Scolecobasidium constrictum
Stachybotrys nilagirica
Vermiculariopsiella endophytica
Vermiculariopsiella indica

Site I
En

+

Total

5
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21

10

5

15

Table 22: Fungi on microhabitats of Piper betle (single season)
List of fungi
Pf

Pf

1+
1+
+1

1

I

1
1

I

1

I

+
I

I

1

•

t+

I

s

o+1+

I-1—

t+

I+-1—

ot

III+

i+

+II+

I
+
I
I

I

I
I

II

++ -4- -4- -4- +

III

,+++

+

I

t

I

II

t

9

12

t

+

1

+

ll
1

lll

I
I

ll

I++

lll

I
1
+ +++I 1

ll

-4- +

II

10

e

I

I

111

+

+

-241-

16

I+

1

II

1+

II-1—I

1111

-1-1+

+

1I+

10

Sp
I-1—I

1+

III

II+

Total

Site II
En
+1+1+

1+

I

1+

1+

1+

1

NSM 178
NSM 177
NSM 001
NSM 009
NSM 152
NSM 153
NSM 154
NSM 155
NSM 156
NSM 157
NSM 158
NSM 159
NSM 160
NSM 161
NSM 162
NSM 163

Sp
I

+

Acremonium acutatum
Acremonium curvulum
Acremonium strictum
Aspergillus glaucus
Aspergillus niger
Cladosporium cladosporioides
Cladosporium oxysporum
Cladosporium sphaerospermum
Corynespora cambrensis
Corynespora casiicola
Corynespora citricola
Drechslera sp.
Emericella variecolor
Exserohilum halodes
Fusarium avenaceum
Fusarium incarnatum
Fusarium lateritium
Fusarium oxysporum
Graphium penicillioides
Hansfordia pulvinata
Lasiosphaeria spermoides
Lasiosphaeria sp. 2
Paecilomyces javanicus
Penicillium chrysogenun
Phomopsis stipata
Vermiculariopsiella elegans
Vermiculariopsiella pana

Site I
En

8

Table 23: Fungi on microhabitats of Achyranthes aspera (single season)
List of fungi

e+

I+ ++

i
e
se
e
tos

e
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1+1++ + ++ ++ 1+ ++ 11+
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e
I

I

3

e

s+

es+++e

I

et

I

+e
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eee

1111++ +++.+

t

e
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I

.

I

I

e

es

se+I

e IIm

-242-

7

i

e

Is

iuiIl

15

e

gi+

e

e

e

e

let

e++

ee

ee+

2

Sp

s+e

se

Iese

++

l

Total

Site 2
En

se

Pf
+

e++

ssse e l

Sp

e

e

+s

Acremonium sp.1
Acremonium strictum
Alternaria tennuissima
Aspergillus fumigates
Aspergillus japonicus
Aspergillus nidulans
Aspergillus unguis
Coleophoma empetri
Corynespora cambrensis
Corynespora casiicola
Curvularia verruculosa
Harpophora konkanensis
Dendryphiella vinosa
Emericella nidulans
Emericella variecolo
Fusarium incarnatum
Fusarium sub-glutinans
Gilmaniella multiporosa
Guignardia citricarp
Guignardia philoprii
Lasiosphaeria sp. 1
Myrothecium sp. 1
Penicillium sp. 1
Penicillium verrucosum
Phaeotrichoconis crotalariae
Stachylidium bicolor
Trichoderma harzianum
Vermiculariopsiella indica
Vermiculariopsiella parva
Vermiculariopsiella sp.
UB 2
UC 17
UC 20
NSM 001
NSM 003
NSM 008
NSM 018
NSM 042
NSM 043
NSM 044

Site 1
En

ee++

Pf

5

Table 24: Fungi on microhabitats of Centella asiatica (single season)

List of fungi

Site 1
Pf

Sp

Pf

111

+
+
_

11+
1+1+

Alternaria altern
Aspergillus flavipes
Aspergillus japonicus
Aspergillus versi
Cladosporium cladosporioides
Cotynespora cas
la
Echinosphaeria macrospora
Fusarium subglutinans
Guignardia bide elli
Lasiodiplodia the obromae
Myrothecium add ena
Paecilomyces jai anicus
Periconia cooked
pestalotiopsis mi
Phaeostalagmus novaezelandiae
Phomopsis stipata
Rachicladosporium indicum
Vermiculariopsiella
endophytica
Vermiculariopsiella indica

111+

+
_

I + +

+
-

1+H-1

-

UH 1
NSM 001
NSM 016
NSM 090
NSM 091
NSM 092
NSM 093
NSM 172
NSM 173
NSM 174
NSM 175

111

-

4

11
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5

111111

Total

Site 2
En

Sp
+
+
_
+
_
+
+
-

+
+
-

5

8

7

-

1

II

+I

+

I+

+1

Aspergil usflavipes Aspergilusfumigatus Aspergil us niger Chaetomiumglob sum

Cladosporiumoxysporum

Coletorichumgloe spori des

+1

1+11

Chrysosporium

sp. Cladosp riumcladosp riodes

+11+11++

Acremoniumacutaum
Alysid um resinae

+I

II

++++

,

1-1-

I

1+++

Gorgonicepsverno icola

Hansfordiapulvinat Memno ielaechinat

11+81$

Emericelav riecol r Fusariumavenaceum Fusariumincarnatum Fusariumoxysporum

11

Curvularialunat

I

I++-1-

I

I-1-

IIIIIII

Phomopsi stipat

11111

Penicliumchrysogenum Penicliumimplicatum sp. 1 Pestaloti psi mangiferae Pestaloti psi microspora

1+

Nigrosporasac hari

Pestalotia

I

I+

1++

11

I1

1

+

11

1+1++-F

1+

NSM 0 1 NSM 0 2 NSM 0 3 NSM 0 7 NSM 0 8 NSM 01 NSM 012 NSM 013 NSM 014

111111

+

I+-F

II

11

I

11

Verticliumnigriscens Zygosporiumgib um Zygosporium asoni

UA 5 UC 14 UC 4

+

li

13

1

1
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17

Total

11

12

13

+
4

NSM 146
NSM 147
NSM 148
NSM 149
NSM 150
NSM 151
NSM 176

Scolecobasidium humicola
Vermiculariopsiella parva

Sp
Site 2
En
Table 26: Fungi c microhabitats of St chnos nux vomica sin le season
List of fungi
Site 1
En
Pf
Sp
Pf

Table 27: Endophytes from Alstonia scholaris and their percent isolation frequency
List of fungi
Acremonium sp. 1
Acremonium strictum
Alternaria tenuissima
Aspergillus niger
Capitorostrum sp.
Chaetomium globosum
Cladosporium cladosporioides
Colletotrichum gloeosporioides
Corynespora cambrensis
Fusarium moniliforme
Fusarium oxysporum
Guignardia citricarpa
Molliardiomyces coccineus
Nigrospora oryzae
Pestalotiopsis theae
Phomopsis arnoldiae
Pithomyces chartarum
Scolecobasidium humicola
Talaromyces wortmanii
UC 6

NSM 013
NSM 014
NSM 056
NSM 057
NSM 058
NSM 059
NSM 063
NSM 064
NSM 068
NSM 069
Total

Dry season/ Site I
Leaf Stem Bark
-

-

-

-

1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1

12

-

-

-

-

-

-

2
5

-

-

11

-

2

-

-

-

-

-

3

1

1
41
16

45

57

71

23

-

1

-

-

-

-

21
8

28
23
-

-

-

-

-

31

-

-

-

-

-

-

-

-

3

53

12

-

25

32
3

-

17
10

-

1

-

-

-

1

66
-

57
4
-

30
64

-

94

98

88
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5
2
20

2

-

3
35
-

-

-

-

-

Wet season/ Site 1
Leaf Stem Bark
42
6
11
-

-

-

-

-

-

-

21

-

-

Dry season/ Site II
Leaf Stem Bark

-

-

-

-

-

-

3

98

91

107

7

107

Table 28: Endophytes from Aegle marmelos and their percent isolation frequency

Dry season/ Site I
Leaf Stem Bark

List of fungi
Acremonium curvulum
Amerosporium sabalinum
Aspergillus fumigatus
Aspergillus niger
Cladosporium cladosporioides
Coleophoma empetri
Colletotrichum gloeosporioides
Diaporthe sp.
Discosporium sp.
Eurotium rubrum
Fuckelia ribis
Fusarium incarnatum
Gloeosporium sp.
Lasmeniella sp.
Ophioceras commune
Phomopsis arnoldiae
Phomopsis sp. 1
Phomopsis stipata
Rhinocladiella aquaspersa
Vermiculariopsiella indica
Vermiculariopsiella parva

-

-

-

-

-

-

-

-

-

-

-

-

-

-

14
-

-

-

-

Total

Wet season/ Site 1
Leaf Stem Bark
18
16
:
-

-

-

-

-

-

-

-

24
-

-

9
18
-

-

-

-

-

-

65

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5

1
1

1

4

-

-

-

-

-

-

-

16

18
19
12
-

-

-

-

-

-

22

-

-

-

-

-

29

-

-

-

-

-

-

-

-

-

-

-

-

1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

27

-

-

-

-

-

-

10

4

-

-

-

-

-

-

1

-

-

1
83

42
31
78

2
1
57
8
19
87

32
12
1
84

19
8
87

-

-

-

-

-

1
20
59

-

1
-

5
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16
4
73

-

-

-

-

-

-

-

33

-

UB 1
UB 5
UC 19
UC 3
NSM 006
NSM 010
NSM 016
NSM 017
NSM 026
NSM 027
NSM 028
NSM 029
NSM 072
NSM 073
NSM 074
NSM 075
NSM 170

Dry season/ Site II
Leaf Stem Bark
12

-

-

-

-

-

-

5
96

-

29
33
10
90

Table 29: Endophytes from Andrographis paniculata and their percent isolation frequency

Dry season/ Site 1
Leaf Stem Root

List of fungi
Apsinia graminicola
Aspergillus flawpes
Aspergillus ustus
Cladosporium cladosporioides
Cladosporium oxysporum
Colletotrichum capsici
Colletotrichum dematium
Colletotrichum gloeosporioides
Corynespora casiicola
Corynespora citricola
Discosporina sp.
Eurotium sp. 1
Fusarium oxysporum
Guignardia bidwelli/
Phyllosticta ampelicida
Guignardia mangiferae
Microascus trigonosporus
Myrothecium roridum
Ophioceras dolichostomum
Pestalotiopsis theae
Phialophora sp.
Phoma hedericola
Phomopsis arnoldiae
Phomopsis sp. 1
Phomopsis stipata
Vermiculariopsiella indica

-

UA 1
UC 18
UC 18
NSM 004
NSM 005
NSM 009
NSM 076
NSM 077
NSM 078
NSM 079
NSM 080
NSM 081
NSM 082
NSM 083
NSM 085
NSM 086
NSM 087
NSM 088
NSM 089
NSM 020
Total

-

-

1

14
8

-

-

15

-

-

-

-

-

-

-

14
-

2
3
-

3
-

-

-

-

-

Dry season/ Site II
Leaf Stem Root
6
-

-

1

-

9
4
-

3
-

21
-

10

-

17

-

16
15
6
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2
-

6

-

-

-

-

-

-

1

-

-

-

-

-

-

-

-

-

-

-

-

Wet season/ Site 1
Leaf Stem Root
6
-

-

-

-

-

-

18

-

-

-

-

-

-

-

-

-

-

-

-

-

10

-

-

-

-

-

-

-

-

-

2

-

-

-

-

18
-

-

-

-

-

6

-

-

-

18

-

-

7
18
2
46

-

35
7
2
71

-

-

16
37

-248-

-

-

-

-

-

13

4

-

-

-

1
1
6
5
58

3
4
50

-

-

-

39
6
84

43
2
48

12
14
4
89

-

-

-

-

-

-

-

22
8
8
10
74

Table 30: Endoph

from Cymbopogon citratus and their percent isolation frequency

List of fungi

Dry season/ Site I
Leaf

■C)

UB 6
UC 4
UC 5
NSM 008
NSM 017
NSM 094
NSM 095
NSM 096

C'N \

Acremonium acuta4
Acremonium sp. 2
Alysidium resinae
Chaetomium bosoychodes
Cladosporium sphaerospermum
Colletotrichum orb
Corynespora comb. ensis
Corynespora citric
Curvularia pallescens
Dictyochaeta parva
Drechslera australiensis
Exserohilum halodes
Fusarium oxysporu
Guignardia citricarpa /Phyllosticta
citricarpa
Nigrospora oryzae
Paecilomyces lilaci
Periconia digitata
Rhinocladiella atro

Dry season/ Site II
Leaf

Wet season/ Site 1
Leaf

-

4

-

-

6
9

12

-

-

8

9

-

7
-

4

11
-

-

-

-

14")

34
-

-

-

68

-249-

-

13

-

Total

8
41

6
96

9
-

7
12
-

-

4
16
124

•zr

Alternaria goanensis 16 - - - - - - Alternaria tenuis ima 7 - - - 3 - - -

t
n
I

Aspergil us fumigatus - - - - - - -

Aspergiluspenicloides4- -6 -

Ch/oridumsp.- - -25

Cladosporium cladosporioides - - - - 9 - - -

Corynesporacsicola- - . -20

Diaporthe sp. 1 - 16 - - - - - -

Fuckelia ribis - - - - 36 - - -

Guignardia philoprina - 30 18 3 - 39 - Paecilomyces li acinus 8 - - - - - - -

Pestalotiopsis theae 3 - 16 - - - - -

Phom psi tpa -12 170- 80-

-

-

2

20
-

-

Amerosporiopsis gaubae - - 30 - - - - -

Alysidium resinae - - - - - - - -

Vermiculariopselaindca-321- Verticl umnigrescns- -6 -

UA2- - -17UC15- - - 12-

NSM03 13- - - -

NSM0315- - - -

NSM032- - 7- NSM03 - - 2-

-

NSM098-2- - -

NSM09 - - - -

•zr

NSM101- - -15

----8

NSM 102 -

NSM 103 - - 7

NSM108- 14- •
NSM 169- - -

91

73

76

51

-

75

89

92
-

92

-250-

-

19
-

56

-

-

-

Total

-

-

-

-

-

Phomopsis tersa
Syncephalastrum racemosum

-

-

-

-

NSM 107

-

Lasiosphaeria sp. 1

NSM 100

-

Stem
Acremonium sp.1

-

-

-

Bark

-

Stem
Leaf

Bark

Leaf
Acremonium strictum - - - - - - -

-

Wet season/ Site I
Leaf Stem Bark
Table 31: Endo h tes from Emblica o cinalis and their percent
isolation fre ,.. u
.
List of fungi
Dry season/ Site I
Dry season/ Site II

Table 32: Endophytes from Justicia adhatoda and their percent isolation frequency
List of fungi
Acremonium sp. 2
Acremonium strictum
Alternaria alternata
Alternaria tenuissima
Aspergillus fumigatus
Aspergillus niger
Aspergillus penicilloides
Colletotrichum
gloeosporioides
Cymbothyrium sp.
Fusarium avenaceum
Fusarium incarnatum
Fusarium lateritium
Glomerella sp.
Guignardia magiferae
Ophioceras commune
Pestalotia sp. 1
Pestalotiopsis mangiferae
Pestalotiopsis theae
Phoma lycopersici
Phomopsis acanthii
Phomopsis stipata
Pleurophoma sp.
Scolecobasidium constrictum
Thermomyces sp.
Vermiculariopsiella indica

UB 3
NSM 007
NSM 010
NSM 025
NSM 045
NSM 046
NSM 049
NSM 050
NSM 051
NSM 052

Dry season/ Site I
Leaf Stem Bark
21
5
28
8

1

Wet season/ Site 1
Stem
Leaf
Bark
-

1

-

2
-

25
3
-

8

8

10
-

10
26
38

1

5

-

6
25
37
-

-

-

79

-

-

-

19

-

8
-

-

78
1

-

93

98

-251-

6

3

-

42

-

-

-

-

-

-

-

-

-

-

-

-

94
-

10
-

-

-

99

92

6
-

15
1
49

10
-

61
-

4

19
33

-

-

-

-

8

-

-

5
10

Total

Dry season/ Site II
Leaf Stem Bark

17

14
12

-

4
-

93

83

Table 33: Endophytes from Garcinia indica and their percent isolation frequency
List of fungi

Dry season/ Site I
Leaf Stem Bark
30
2

Ardhachandra cristaspora
Aspergillus penicilloides
Aspergillus ustus
Botryocrea sp.
Cladosporium oxysporum
Colletotrichum gloeosporioides
Corynespora cambrensis
Engyodontium album
Guignardia bidwelli /
Phyllosticta ampelicida
Lasiodiplodia theobromae
Lasiosphaeria sp. 3
Menisporopsis sp.
Nanoschema elaeocarpi
Neonandersonia sp.
Oidiodendron cerealis
Ophioceras commune
Periconia laminella
phomopsis sclerotioides
Phomopsis sp. 2
Phomopsis sp. 3
Phomopsis stipata
Phomopsis tersa
Phyllosticta citricarpa
Phyllosticta sp.
Scolecobasidium constrictum
Scolecobasidium humicola
Vermiculariopsiella indica

-

-

-

-

-

-

-

-

-

1
-

-

-

4

2
4

-

-

-

-

-

-

-

-

-

-

-

-

10

-

-

4
1
-

18

-

-

-

-

-

-

-

-

-

-

Wet season/ Site 1
Leaf Stem Bark
4
17

-

12
-

25

-

-

-

6

-

5

-

34

-

21
18

-

-

20

-

-

14
-

18

30

-

1
1

-

-

12

-

17

-

19

-

39
15

-

Total

-

-

13

UA 3
UB 4
UC 1
UC 2
UC 6
UC 7
NSM 004
NSM 005
NSM 008
NSM 019
NSM 021
NSM 022
NSM 034
NSM 035
NSM 036
NSM 037
NSM 038
NSM 110

Dry season/ Site II
Leaf Stem Bark
-

25
19

-

32
-

-

-

43
1
3

1

2
-

-

-

44

11
99

-252-

-

7
26
90

98

41
27
82

10
8
100

28
10
-

8
4
11
93

_
92

Table 34: Endophytes from Hemidesmus indicus and their percent isolation frequency

List of fungi
A cremonium strictum
A cremonuila micropora
Alternaria tennuissima
Aspergillus fumigatus
Basipatospora chlamydosporis
Chaetomium globosum
Cladosporium cladosporioides •
Cladosporium oxysporum
Cladosporium sphaerospermum
Colletotrichum gloeosporioides
Corynespora casiicola
Emericella subulata
Eurotium sp. 2
Exserohilum halodes
Fusarium incarnatum
Gonatobotryum apiculatum
Guignardia citricarpa
Mycogone sp.
Ophioceras commune
Paecdomyces farinosus
Paecilomyces javanicus
Penicillium chrysogenum
Penicillium implicatum
Pestalotiopsis microspora
Phoma lycopersici
Phomopsis stipata
Uncigera sp.

UC 16
UC 8
NSM 007
NSM 039
NSM 123
NSM 124
NSM 125
NSM 126
NSM 127
NSM 128
NSM 129

Dry season/ Site I
Leaf Stem Root
6

Wet season/ Site 1
Leaf Stem Root
-

7
-

10
-

9

-

-

-

-

1

-

-

-

-

-

2

-

-

15
-

-

-

70

-

2
-

8
34

2
-

-

-

-

-

-

1

1
-

2
14

1

3
4
16

27

2
12
-

1

4
4
37

23
21

Total

Dry season/ Site II
Leaf Root Bark
-

6
23

87

-253-

91

10
-

-

-

2
-

-

-

-

-

4

4
2
-

9
4
-

4
24
-

-

-

-

-

-

-

-

-

2
1
2

-

-

-

-

3
91

64
78

15
-

30
70

-

10
-

-

-

5

37
-

-

-

-

-

8

5
97

15
18
12
75

-

19
21
63

Table 35: Endophytes from Ocimum tetzuiflorum and their percent isolation frequency
List of fungi
Acremonium byssoides
Alternaria tenuissima
Alysidium resinae
Arthrographis cuboidea
Aspergillus flavipes
Aspergillus nidulans
Aspergillus niger
Aspergillus penicillioides
Chaetomium globosum
Cladosporium cladosporioides
Cladosporium oxysporum
Corynespora citricola
Dendryphiella infuscans
Fusarium incarnatum
Fusarium oxysporum
Gliomastix sp. 1
Guignardia mangiferae
Myrothecium roridum
Paecilomyces javanicus
Phomopsis sp. 1
Phomopsis stipata
Syncephalastrum racemosum
Verticillium nigrescens
UC 9
NSM 012
NSM 113
NSM 114
NSM 115
NSM 116
NSM 117
NSM 118
NSM 119
NSM 120
Total

Dry season/ Site I
Leaf
Stem
Root
6
38
6
-

-

-

-

-

-

-

-

-

-

-

-

-

-

7

-

6
2
2

Dry season/ Site II
Leaf
Root
Bark
1
5
12
-

-

-

-

-

-

-

-

-

-

-

-

1
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3

-

-

-

-

-

-

1

-

-

-

-

-

-

-

-

18
-

1

-

-

-

-

-

-

-

-

-

-

-

1

-

-

-

-

-

-

-

-

-

-

-

8

-

-

-

-

-

-

-

12

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5

30

-

-

-

-

-

-

-

-

44

1
-

20
5
8
4
77

18

-

-

-

-

47

-254-

4

25

-

-

-

-

-

14

-

2
1

-

-

8

-

-

-

25

-

-

-

-

-

-

-

-

-

-

-

6

-

-

-

3
19

-

-

-

-

-

-

-

-

-

-

Wet season/ Site 1
Leaf
Stem
Root

-

1

1
I
10

58

-

-

-

-

-

-

-

-

-

-

-

-

91

32
16
19
87

2
4
46
66

Table 36: Endophytes from Piper betle and their percent isolation frequency
List of fungi
Acremonium acutatum
Acremonium strictum
Aspergillus niger
Colletotrichum capsici
Corynespora cambrensis
Corynespora citricola
Drechslera sp.
Fusarium avenaceum
Fusarium oxysporum
Graphium penicillioides
Lasiosphaeria spermoides
Lasiosphaeria sp. 2
Paecilomyces javanicus
Phomopsis stipata
Vermiculariopsiella elegans
Vermiculariopsiella parva

UC 10
NSM 001
NSM 154
NSM 155
NSM 156
NSM 157
NSM 160
NSM 161
NSM 162
NSM 163
NSM 164
NSM 165
NSM 166
NSM 167
NSM 168
Total

Dry season/ Site I
Leaf
Stem
Root
1
12

2
2
-

11
-

-

Dry season/ Site II
Leaf
Stem
Root

-

-

1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4
1
-

6

-

9
-

Wet season/ Site 1
Leaf
Stem
Root
-

-

-

-

-

-

-

-

-

-

-

-

19
-

13

12

-

-

-

-

-

-

-

-

1

-

-

-

-

-

-

41

-

-

-

-

8

-

-

37

-

-

-

-

-

-

-

-

-

-

-

-

-

3

-

-

-

-

-

-

12

-

-

-

-

-

5
69

73

24
7
1
30
1
1
4
78

12

-

-

-

16

23

-

-

-

27
19
13
82

-

-

2
4

-

2
1
99

-

-

-

4
94

19
39
3
74

-255-

-

12
17
26
37
100

-

17
79

9
94

-

-

73
6
4
95

Table 37: Endophytes from Snychnos nux-vomica and their percent isolation frequency
Dry season/ Site I
Leaf Stem Bark

List of plants
Aspergillus flavip es
Aspergillus fumigatus
Aspergillus penicillioides
Aspergillus wentii
Cladosporium oxysporum
Cladosporium sphaerospermum
Clonostachys agarwalii
Corynespora cambrensis
Fuckelia ribis
Fusarium incarnatum
Fusarium mondiforme
Fusarium oxysporum
Guignardia citricarpa
Guignardia mangiferae
Lasiosphaeria sp. 1
Mariannaea camptospora
Nigrospora oryzae
Paecilomyces lilacinus
Pellionella macrospora
Pestalotiopsis theae
Phomopsis stipata
Rabenhorstia sp.1
Rhinocladiella atrovirens
Rhinocladiella atrovirens
Scolecobasidium constrictum
Stachybotrys nilagirica
Trematophora lignicola
Vermiculariopsiella endophytica
Vermiculariopsiella indica

NSM 009
NSM 010
NSM 012
NSM 015
NSM 016
NSM 139
NSM 140
NSM 141
NSM 143
NSM 144
NSM 145

2

-

17

-

9
2

1

-

1
10

2

37

9
-

2

14
1
18

-

3
77

5
-

-

-

2
-

8
-

4

-

-

-

-

-

-

-

-

-

16
-

6
-

15

-

2

5
-

34

-

-

-

-

-

18
6

27
38

42
-

4

-

-

-

14

-

-

-

-

-

-

32

-

-

-

_
.
.
-

4
-

-

-

35

-

-

-

-

-

-

-

-

-

-

-

-

-

-

7

8

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2

-

-

-

2

-

26

17

-

17

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

12
-

-

-

-

-

-

-

-

4

-

-

-

-

-

8

Wet season/ Site 1
Leaf Stem Bark

12

-

-

74
3

1

-

-

-

2

-

17

-

-

26

Total

2

Dry season/ Site II
Leaf Stem Bark
1

26
6

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2
-

-

-

-

-

-

-

-

-

89

99

112

100

78

79

82

100

-256-

-

25
4
91

Table 38: Species of each group isolated from different host plants
Host plants
Alstonia
scholaris
Aegle
marmelos
Andrographis
paniculata
Cymbopogon
citratus
Emblica
officinalis
Justicia
adhatoda
Garcinia
indica
Ocimum
tenuiflorum
Hemidesmus
indicus
Piper betle
Srtychnos
nux-vomica

Zygomycetes
0

Ascomycetes
5

Basidiomycetes
0

Coelomycetes
6

Hyphomycetes
27

NSM
18

0

3

2

11

17

15

0

7

0

11

19

19

0

2

1

4

26

7

2

4

0

11

21

16

1

3

1

11

23

15

0

6

1

23

25

15

1

4

0

4

25

11

0

5

0

10

0

24

0
0

3
6

0
0

3
6

23
26

21
13

-257-

Table 39: Jaccard's similarity for fungi isolated from different plant hosts (expressed in %)
Host plant

1.)

LA
oo

Aegle
marmelos
Alstonia
scholaris
Andrographis
paniculata
Cymbopogon
citratus
Emblica
officinalis
Garcinia
indica
Hemidesmus
indicus
Justicia
adhatoda
Ocimum
tenuiflorum
Piper betle
Strychnos
nux-vomica

Aegle
marmelos
100

Alstonia Andrographis
scholaris paniculata

Cymbopogon
citratus

Emblica
officinalis

Garcinia Hemidesmus
indicus
indica

Justicia
Ocimum
adhatoda tenuiflorum

Piper
betle

7.00

100

7.00

8.91

100

1.11

9.30

7.87

100

8.16

6.86

6.86

5.86

100

8.11

11.82

10.81

1.90

8.93

100

12.50

14.61

8.51

7.50

8.60

13.86

100

13.98

7.92

10.10

5.86

9.09

8.93

13.48

100

5.49

6.45

12.50

7.79

8.89

8.74

12.35

8.89

100

8.60

8.33

10.64

8.64

6.19

9.35

15.66

9.57

12.05

100

12.36

10.75

13.19

11.54

14.61

12.62

10.47

14.61

15.00

11.49

Strychnos
nux-vomica

100

_Di

Table 40: Simpson's diversity index [1- (p,)2]
Host plants
Aegle marmelos
Alstonia scholaris
Andrographis paniculata
Cymbopogon citratus
Emblica officinalis
Garcinia indica
Hemidesmus indicus
Justicia adhatoda
Ocimum tenuiflorum
Piper betle
Stiychnos nux vomica
-

N

th

Dry season/ Site I
Leaf Stem Root/Bark
0.689 0.377 0.549
0.574 0.493 0.564
0.721 0.692 0.638
0.889
0.813 0.725 0.512
0.426 0.611 0.702
0.552 0.712 0.805
0.788 0.287 0.704
0.236 0.766 0.756
0.496 0.337 0.628
0.726 0.847 0.522

Overall
diversity
0.832
0.842
0.889
0.894
0.851
0.9
0.859
0.878
0.825
0.893

Dry season/ Site II
Leaf Stem Root/Bark
0.683 0.514 0.757
0.479 0.698 0.501
0.816 0.806 0.191
0.821
0.723 0.079 0.75
0.695 0.732 0.613
0.391 0.308 0.742
0.613 0.725 0.097
0.531 0.442 0.7
0.112 0.739 0.648
_ 0.33
0.766 0.73

Overall
diversity
0.881
0.85
0.879
0.852
0.895
0.816
0.697
0.812
0.904
0.855

Wet season/ Site I
Leaf
Stem Root/Bark
0.76
0.854 0.762
0.755
0.731 0.653
0.722
0.87
0.804
0.839
0.727 0.227 0.758
0.84
0.83
0.712
0.712 0.771 0.75
0.713
0.844 0.722
0.511
0.756 0.456
0.747 0.734 0.388
_ 0.664 0.725 0.687

Overall
diversity
0.878
0.899
0.926
0.847
0.933
0.91
0.919
0.862
0.868
0.898

Discussion

Hitherto studies carried out around the world on exploration, ecology and

ex situ

conservation of fungi of forest ecosystems have yielded good results, especially in
understanding their diversity and interactions within the ecosystems. These exercises not
only facilitated recognizing the value of fungi in the dynamics of forest ecosystem but
also made the fungal cultures available for utilization in bio-prospecting programmes.
Results presented in the preceding section of this Chapter were based on a study
carried out, over a period of three years, on fungi associated with 15 medicinal plants of
the forests of Western Ghats in Colem (Sanguem taluka) and Mashem (Canacona taluka),
in Goa. In this work, efforts were made to unravel three issues, viz. (i) Documentation of
microfungal diversity in various plant tissues and microhabitats of the medicinal plants;
(ii) ecological interaction of associative fungi in different plant parts, and (iii) bioactivity
of the isolated fungi. Along with conventional morphology-based approach, advanced
molecular taxonomic techniques were used, partly. The isolated fungi were screened
against human and agriculturally important pathogens, besides saprobes.

5.1

Taxonomic diversity of fungi associated with medicinal plants

5.1.1. Number of fungi encountered
From the 15 medicinal plants selected for study, a total 392 distinct isolates were
recovered which included 214 identified species [Zygomycotina (3), Ascomycotina (30),
Basidiomycotina (6), Deuteromycotina (181)D and 178 nonsporulating morphotypes.
Individually each plant on an average harboured approx. 52 fungi [phylloplane fungi (9),
endophytes (26) and saprotrophs (18)]. This number is slightly less compared to the
previous diversity study carried out on some forest plants in this region (D'Souza, 2002).
Similar observations on less diversity and host specificity were made by several authors
who mostly worked on documentation of endophytic mycoflora of medicinal plants
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(Bettucci and Saravay, 1999; Raviraja, 2005). The low diversity of associative fungi may
be due to the impending chemical composition of medicinal plants.
Of the saprotrophs, 74 species were recovered by moist chamber incubation
technique and 86 by particle plating method. Twenty seven of these were recovered from
both. The results indicate that the associative fungi become known by application of
various isolation techniques.
The diversity of fungi and their host specificity was not very significant, except
for a few new and rare fungi such as Apinisia graminicola, Caliciopsis myrticola,
Echinosphaeria macrospora, Gorgoniceps vernoniicola, Acremoniula microspora,
Alternaria goanensis, Arthrographis cuboidea, Phaeoacremonium emblicae, P. indicum,
Harpophora konkanensis„ Engyodontium album, Gilmaniella multiporosa and
Mycogone sp., many of which were reported as endophytes.

5.1.2. Species diversity
The common fungi reported in the present study belonged to genera such as Acremonium,
Aspergillus, Chaetomium, Cladosporium, Curvularia, Emericella, Eurotium, Fusarium,
Gliomastix, Mucor, Myrothecium, Nigrospora, Paecilomyces Penicillium, Pestalotiopsis,
Phoma, Phyllosticta, Rhizopus, Scopulariopsis, Talaromyces, Trichoderma

and

Verticillium which were also recorded elsewhere as common inhabitants of medicinal
plants (Horie et al., 1979; Mahesh et al., 2005; Tejesvi et al. 2006; Verma et al. , 2007).
Horie et al. (1978, 1979) reported a number of Emericella species on herbal drugs from
India and Japan. Emericella species were also reported on all three substrates of
medicinal plant parts, in the present study. Besides a number of Aspergillus species, with
known Emericella teleomorphs (Indexfungorum, 2008), were also reported. Probably
Emericella species occur as endophytes in the fresh plant parts which on drying
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sporulated externally on the substrate as a primary colonizer. Primary colonization of
endophytes on senescencent plant tissue is a known phenomenon and has been reported
previously in other hosts (Kowalski and Kehr, 1997).

5.1.3. New taxa
The study reported nine taxa new to science, viz. Acremoniula microspora, Alternaria

goanensis, Harpophora konkanensis, Phaeoacremonium emblicae, P. indicum,
Dictyochaeta microsporae, Echinosphaeria macrospora, Rachicladosporium indicum
and Vermiculariopsiella endophytica. The bases on which each of these taxa considered
novel have been given in the results part. These new fungi have been recovered from
different medicinal plants mainly as endophytes. This indicated that amongst the
endophytic fungi, there could be many new species awaiting discovery. This observation
complements that of Arnold et al. (2001) and Dreyfuss (1989) who reported endophytes
to be an important and quantifiable component of fungal diversity.

5.1.4. Dominant fungal groups
In the present study, Hyphomycetous fungi were the dominant group followed by nonsporulating morphotypes and the Coelomycetes (Fig. 261). Next to follow the abundance
in the descending order were the Ascomycetes, Basidiomycetes and Zygomycetes. The
observation that Hyphomycetes were the dominant group was also noted by Mahesh et al.
(2005), Santos and Rodrigues (2003) and Suryanarayanan et al. (1998).

5.1.5.

Holomorphs

According to the Code of Botanical Nomenclature (Article 59.1), for ascomycetous and
basidiomycetous fungi with mitotic asexual morphs (anamorphs) as well as a meiotic
sexual morph (teleomorph), the correct name covering the holomorph (i.e., the species in
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all its morphs) is the earliest legitimate name typified by an element representing the
teleomorph. A great deal of importance is being given to relate the different morphs of a
single fungus and understand the holomorphic nature of fungi. Therefore culture-based
studies gained importance where the connections between the morphs are at many times
established (Reynolds, 1987).
Based on culturing and ex situ conservation studies, the present work led to the
recognition of several anamorph-teleomorph connections. These included Ascotricha
chartarum-Dicyma chartarum, Emericella nidulans- Aspergillus nidulans, Eurotium
chevalieri- Aspergillus penicilloides, Guignardia bidwelli-Phyllosticta ampelicida and
Guignardia citricarpa-Phyllosticta citricarpa. Connection between Vermiculariopsiella
endophytica- Echinosphaeria macrospora has been established for the first time through
this study (Puja et al., 2005). Such culture-based studies are important in fungal
taxonomy, especially to establish anamorph-teleomorph connections between species and
to understand the holomorphs (Reynolds, 1987).

5.2.

Molecular characterization of selected isolates

5.2.1

Genetic variation in the isolates

Randomly Amplified Polymorphic DNA is a PCR- based technique that shows genetic
relatedness and displays polymorphism which can be used as probes to distinguish
between species and varieties. A single random primer is used for amplification. The
RAPD method is one of the popular techniques applied to exhibit genetic variation
amongst isolates.
In the present study, the technique was employed to determine the genetic
variation amongst Phomopsis stipata isolates, obtained from different plant hosts. RAPD
primers effective in displaying variation between inter- and intra-specific Phomopsis
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isolates have already been identified (Jiang et al., 2003). One of these primers (OPK-19)
was used in the present study. Results showed that the cultures of Phomopsis stipata
recovered from different hosts, exhibited polymorphism (Fig. 245) indicating that
morphology-based recognition of species needs to be supplemented with molecular data
for final conformity of identity of the strain. RAPD was proved to be an efficient method
and OPK-19 an adept primer in detecting intra-specific DNA polymorphism in
Phomopsis stipata isolates.

5.2.2. Sequence analysis
During the study, one of the isolates of Phyllosticta sp. was subjected to rDNA sequence
analysis using appropriate primers. On comparison, the sequence showed closest
homology (97%) with one of the Phyllosticta strains. It also showed varying percent of
homologies with some of the teleomorphic species such as Guignardia bidwelli, G.
citricarpa, G. gaultheriae, G. philoprinaand G. vaccinii (Fig.246). The results once again
confirmed the holomorphic connectivity between Guignardia and Phyllosticta.
In view of the recent revision of the genus Phyllosticta by Van der Aa and Vanev
(2002) and after demonstrating that the genus is not really host specific (Pandey et al.,
2003, Rodrigues et al., 2004), the morphology-based identification of the isolate got
obscured. The distinctiveness of the sequence results from some of the ubiquitously
occurring species such as P. capitalensis (G. mangiferae) and P. citricarpa (G.
citricarpa) along with other available sequences in the Genbank and the obscurity in
morphology-based identification of isolate prompted to believe that it could be either a
new or a known but not sequenced species.
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5.3. Screening of fungal isolates for antimicrobial property
Drug discovery from natural products is currently a widely researched field (Koehn and
Carter, 2005). Several of the drugs with therapeutic value have been sourced from nature
and natural products. The microorganisms, particularly fungi are known as unique
sources of bioactive molecules. In the present work, some of the fungi isolated from the
medicinal plants were subjected to preliminary screening for antibiotic principles.
5.3.1

Antimicrobial property by the isolates
Of a total of 65 cultures screened for antimicrobial activity, 44 were found to be

positive, indicating 68% bioactivity amongst the isolates recovered from medicinal plants.
While estimating bioactivity potential of fungi from medicinal plants similar results were
obtained by Phongpaichit et al. (2006), Raviraja et al. (2006), Rodrigues et al. (2000) and
Tan et al. (1999). Several other endeavors on similar lines have been reviewed by Schulz
et al. (2002). All these however were confined only to the study of bioactivity of
endophytic fungi. The present study had a broader perspective and accommodated a
number of phylloplane and saprotrophic fungi, along with endophytes. The results are
indicative of the fact that, similar to the endophytes, the phylloplane and saprotrophic
fungi associated with medicinal plants are also creative.
Amongst the 44 bioactive fungal extracts, as indicated from the screens (Table
11), 6 were highly active and showed potential of taking them further for utilization.
Other extracts showing mild activity may also have bioactive compounds in small
quantities that could be useful after sufficient purification and concentration.
The bioactivity pattern of a fungus seems to have been influenced either alone or
by the combined effect of the host, substrate, tissue or geographical location from where
the fungus was collected. That is, Alysidium resinae isolated as an endophyte from

Emblica officinalis and Cymbopogon citratus from a single site when compared showed
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varying bioactivity pattern. Similarly, Corynespora cambrensis recovered from fresh
stem and bark of Garcinia indica when compared showed distinct bioactivity. As seen
from the RAPD studies, similar species isolated from different hosts are genetically
polymorphic and therefore could be variable in their bioactivity profile.

5.3.2. Creativity of Non-sporulating isolates
When the creativity index of sporulating and non-sporulating fungal isolates was
compared, it was observed that there was not much of variability in their activity pattern.
Similar results were obtained by Lin et al. (2007) who regarded the non-sporulating fungi
as reliable sources bioactive agents. Beside the antimicrobials, the non-sporulating
isolates were reported to exhibit other important activities (Sundara Kumar et al., 2004;
Sauer et al., 2002). This suggests that the taxonomically anonymous group of fungi such
as the nonsporulating ones should not be overlooked or discarded but safely maintained in
culture collections. These will turn out to be invaluable sources of useful metabolites and
considered for advantage in the future.

5.4. Ecology of fungi associated with medicinal plants
5.4.1. Fungal richness
Diversity of fungi in different microhabitats varied from plant to plant with the highest
number of species in Garcinia indica (70) and the lowest in Cymbopogon citratus (40).
Dendrogram of nearest neighbour linkage for Jaccard's similarity index (Fig. 257)
revealed no specific pattern in the clustering accept that the monocot plant species
branched early in the study. This is also clear from Table 39 which displayed
Cymbopogon citratus to possess the lowest similarity in the diversity of fungi they
harbour. This is rightly because several species of fungi such Alternaria longissima,
Chaetomium bostrychodes, Colletotrichum orbiculare, Curvularia pallescens,
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out. For every plant, a proportionate number of fungi were found to overlap between
internal plant tissue and the external saprophytes (Fig. 259, 260). Similar observations
were made by Carroll and Petrini, 1983; Davenport, 1976; Griffith and Boddy, 1988;
Kowalski and Kehr, 1997; Ruinen, 1961 and Sadaka and Ponge, 2003 who opined that
fungi occurring as endophytes occur as latent pathogens at the senescent stage of the plant
part and are frequently reported as saprophytic litter fungi. Non-overlap in the other
species may not be a factual but an artifact of highly diverse assemblages (Schardl et al.,
1994).
Species commonness between phylloplane and internal plant tissue and between
phylloplane and saprotrophs was low and inconsistent indicating absence of major
overlap between these two habitats. Girivasan and Suryanarayanan (2004) made similar
observations and suggested that inclination of the fungi to a particular substrate was to
avoid competition.
Phylloplane fungal diversity of medicinal plants in the present study included
species in the genera Alternaria, Aspergillus, Cladosporium, Mucor, Penicillium

Rhizopus and Trichoderma. These results are in agreement with other studies carried out
on diversity of phylloplane flora (Pandey, 1990; Vardavakis, 1988; Lee and Hyde, 2002;
Pereira et al., 2002).
Similarly, as reported by several authors (Medeiros, 1988; Rodrigues, 1991;
Rodrigues and Samuels, 1992; Azevedo et al., 2000; Gamboa et al., 2002; Johnson et al.,
1992; Larran et al., 2001; Pereira et al., 1993) species belonging to genera such as

Alternaria, Colletotrichum, Fusarium, Glomerella, Guignardia, Pestalotiopsis and
Phomopsis were found to be the most common endophytes in the present study.
The saprophytic fungal diversity associated with medicinal plants was represented
by tropical fungi belonging to some of the well known genera such as Alternaria,
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Dictyochaeta parva, Drechslera australiensis, Fusariella sp., Periconia digitata,
Phialocephala sp., Scopulariopsis flava, Tetraploa aristata, Torula herbarum f.
quaternella and Weisneriomyces javanicus were reported in this study only from
Cymbopogon citratus. These species are however, not strictly specific to this host as they
have been reported from other plants too (Sarbhoy et al., 1996).
Maximum similarity was observed between Hemidesmus indicus and Piper betle
as they harbored maximum (13) fungal species in common These included Corynespora
casiicola, Cladosporium sphaerospermum, Corynespora cambrensis, Exserohilum
halodes, Cladosporium cladosporioides, Fusarium incarnatum, Phomopsis stipata,
Acremonium strictum, Aspergillus niger, Hansfordia pulvinata, Cladosporium
oxysporum, Paecilomyces javanicus and Penicillium chrysogenum.
Next in the order of maximum similarity was Ocimum tenuiflorum and Strychnos
nux vomica
-

having 11 fungal species in common including,

Cladosporium

sphaerospermum, Cladosporium cladosporioides, Fusarium incarnatum, Phomopsis
stipata, Cladosporium oxysporum, Corynespora citricola, Fusarium oxysporum,
Aspergillus flavipes, Guignardia mangiferae, Myrothecium advena and Aspergillus
penicillioides.
Though a single monocot plant was taken for the study, the results obtained
remotely suggested that the fungal flora of the two angiosperm classes could be different.
Within the class Dicotyledonae, however, the pattern of clustering did not suggest any
taxonomic, morphology or biochemical pattern.

5.4.2. Microhabitats associated with plants: Overlap and uniqueness in fungal
diversity
When 3 microhabitats of the plants, viz. leaf surface, internal plant tissue and litter, were
compared for the pattern of fungal diversity on them, an interesting observation emerged
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out. For every plant, a proportionate number of fungi were found to overlap between
internal plant tissue and the external saprophytes (Fig. 259, 260). Similar observations
were made by Carroll and Petrini, 1983; Davenport, 1976; Griffith and Boddy, 1988;
Kowalski and Kehr, 1997; Ruinen, 1961 and Sadaka and Ponge, 2003 who opined that
fungi occurring as endophytes occur as latent pathogens at the senescent stage of the plant
part and are frequently reported as saprophytic litter fungi. Non-overlap in the other
species may not be a factual but an artifact of highly diverse assemblages (Schardl et al.,
1994).
Species commonness between phylloplane and internal plant tissue and between
phylloplane and saprotrophs was low and inconsistent indicating absence of major
overlap between these two habitats. Girivasan and Suryanarayanan (2004) made similar
observations and suggested that inclination of the fungi to a particular substrate was to
avoid competition.
Phylloplane fungal diversity of medicinal plants in the present study included
species in the genera Alternaria, Aspergillus, Cladosporium, Mucor, Penicillium

Rhizopus and Trichoderma. These results are in agreement with other studies carried out
on diversity of phylloplane flora (Pandey, 1990; Vardavakis, 1988; Lee and Hyde, 2002;
Pereira et al., 2002).
Similarly, as reported by several authors (Medeiros, 1988; Rodrigues, 1991;
Rodrigues and Samuels, 1992; Azevedo et al., 2000; Gamboa et al., 2002; Johnson et al.,
1992; Larran et al., 2001; Pereira et al., 1993) species belonging to genera such as

Alternaria, Colletotrichum, Fusarium, Glomerella, Guignardia, Pestalotiopsis and
Phomopsis were found to be the most common endophytes in the present study.
The saprophytic fungal diversity associated with medicinal plants was represented
by tropical fungi belonging to some of the well known genera such as Alternaria,
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Aspergillus, Cladosporium, Corynespora, Dendryphiella, Hansfordia, Drechslera,
Exserohilum, Fusariella, Phialocephala, Periconia, Pithomyces, Scolecobasidium,
Scopulariopsis, Stachybotrys, Stachylidium, Stachylidium, Tetraploa, Torula,
Weisneriomyces and Zygosporium (Ellis, 1971; 1976; Matsushima, 1971, 1975). This
saprophytic fungal density is less in comparison to the diversity described on monocots
(Frohlich and Hyde, 1999). This could be due to the physicochemical properties of the
substrate that are known to regulate the diversity and colonization patterns of the litter, as
observed by Aerts (1997).

5.4.3

Effect of season and collection site on plant tissue colonization by endophytes

The colonization of plant tissue in two seasonal groups varied, in most cases, with the wet
season having more than the dry season (Fig. 273-276). Similar results were obtained by
Rajagopal and Suryanarayanan (2000) who observed that endophytic fungal colonization
in leaves of Azadirachta indica varied with tissue type, site and seasonality.
Differences in the geographical locations had some effect on the fungal
colonization of all the plants studied. However, the variations were minor and did not
exert a recognizable influence on the colonization of fungi suggesting that no site can be
considered to have higher colonization percentage than the other.
Based on the overall colonization it was observed that Cymbopogon citratus
exhibited maximum colonization (96%) by fungi while minimum (52%) was found in
Ocimum tenuiflorum. The average colonization of all the plants under different conditions
was 78%. This results were comparable to studies carried elsewhere in the tropics where
the variation in colonization percentage was much that Rodrigues (1994) reports only
30% colonization of leaf segments Amazonian palms while Lodge et al. (1996) and

-269-

Gamboa & Bayman (2001) reports 90-95% colonization of fungi in M. bidentata and

Guarea guidonia respectively.
Singletons as reported in the present study were also reported by Arnold et al.
(2000) suggesting that many of the fungi exhibited limited growth and colonization of the
internal plant tissue.

5.4.4

Impact of season and site on diversity of the endophytes

When the species diversity of the two seasons was compared, keeping other factors such
as site and tissue constant, it was observed that many of the species occurred only in one
season. Certain species were found throughout the year. Simpson's diversity index when
calculated for the two seasons, it was observed that, in most of the cases, be it individual
tissue types or the host on the whole, wet season supported higher endophytic diversity
than the dry. This observation was statistically significant and it could be inferred that
precipitation encouraged increase in endophytic diversity. This is in accordance with the
observations made by Gangadevi and Muthumary (2006), Suryanarayanan and Johnson
(2005) and Suryanarayanan et al. (1998).
As in the case of colonization percentage, differences in the geographical
locations also had an effect on diversity of the fungi for individual medicinal plants. The
diversity of fungi in the two sites as calculated from the Simpson's diversity index was
variable. The variation however, did not suggest any site to be richer in diversity than the
other. Every site had its distinct assemblage of fungi and the diversity of each of this
assemblage, i.e. the probability that two fungi taken at a random would belong to
different species, was high in all plants studied.

-270-

5.4.5

Tissue preference in endophytic fungi

Each of the tissue studied documented a variable number of endophytic fungal species
indicating that no single tissue harbours richer endophytic diversity than the other. This
result is unlike that made by Radu and Kqueen (2002) who reported the leaf to have
higher diversity than other tissues.
When the overlap in diversity between tissues was studied (Fig. 292, 293) it was
seen that very less or at many times no species were found to be common, i,e in most of
the cases endophytic fungi exhibited a strict tissue preference. Similar observations were
made by other workers (Rajagopal and Suryanarayanan, 2000; Bayman et al., 1997). and
they attributed this adaptation to minimize competition within the endophytic fungi. The
relation between plants and endophytic fungi is a balanced antagonism between fungal
virulence and plant defense and any kind of competition within endophytes could
imbalance this relation by increasing the fungal virulence and causing pathogenicity.
Thus tissue preference by the endophytes is the best adaptation followed in the set up to
maintain a harmonious relation between fungi and plants.
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Chapter V
SUMMARY

This thesis is an outcome of efforts made on studies on the diversity, ecology and
activities of microfungi associated with some medicinal plants of the forests of Western
Ghats in Goa, India.
For the diversity studies, a total of 15 medicinal plants were considered, of which
11 were further analyzed from ecological stand point. Three major fungal microhabitats
in the plants, viz. the leaf surface (with phylloplane fungi), the internal tissues of leaves,
stem, root and bark (with endophytic fungi) and the fallen litter (with saprotrophic fungi),
were investigated. Fungal isolation techniques such as moist chamber incubation,
particle-plating, 3-step sterilization and leaf-washing were employed for the study.
Samples were collected over a period of two years from two sites in Goa, viz. Colem and
Mashem, and in two seasons, i.e. 'wet' (June to October) and 'dry' (December to May).
This enduring exercise was carried out to understand the effect of location and seasonality
on diversity and colonization pattern of fungi. Besides, fungal diversity in the internal
tissues from various plant parts such as leaf, stem, bark and/or root were compared to
determine tissue preference by the endophytes.
The fungi isolated were identified down to species level based on conventional
morphology-based taxonomy. RAPD was employed using a single primer to detect
genetic polymorphism in 3 isolates of Phomopsis stipata obtained from different plants.
One isolate of Phyllosticta sp. which appeared morphologically distinct from the
commonly occurring species in the genus was subjected to sequence analysis. A number
of isolates were subjected to preliminary antimicrobial screening in order to determine the
potential of the isolates.
The study resulted with documentation of a total of 392 distinct isolates which
included 214 identified species [Zygomycotina (3), Ascomycotina (30), Basidiomycotina
(6), Deuteromycotina (181D and 178 nonsporulating morphotypes. The diversity of fungi
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and their host specificity was not very significant, except for a few new and rare fungi.
This observation was similar to the work done earlier on medicinal plants in India and
elsewhere but different from those carried out on some common forest plants of the
region.
The fungi reported in the presented study mostly belonged to some of the common
saprophytic genera such as Acremonium, Aspergillus, Chaetomium, Cladosporium,
Curvularia, Emericella, Eurotium, Fusarium, Gliomastix, Nucor, Myrothecium,
Nigrospora, Paecilomyces Penicillium, Pestalotiopsis, Phoma, Phyllosticta, Rhizopus,
Scopulariopsis, alaromyces, Trichoderma and

Verticillium. This observation was in

agreement with previous similar studies done elsewhere.
Besides, the common and rare species, the study resulted with nine new taxa of
fungi. These included Acremoniula microspora, Alternaria goanensis, Dictyochaeta
microsporae, Echinosphaeria macrospore, Harpophora konkanensis, Phaeoacremonium
emblicae, P. indicum, Rachicladosporium indicum and Vermiculariopsiella endophytica.
Many of them were recovered as endophytes indicating that amongst the endophytic fungi
there could be many more new species.
Hyphomycetous fungi were the most dominant group encountered during the
study, followed by non-sporulating morphotypes, Coelomycetes and Ascomycetes, in the
order of abundance. Basidiomycetous and Zygomycetous fungi occurred occasionally
during the investigation. This observation is in confirmation with similar hitherto studies.
The present effort led to the recognition of several anamorph-teleomorph connections
such as Ascotricha chartarum-Dicyma chartarum, Emericella nidulans- Aspergillus
nidulans, Eurotium chevalieri- Aspergillus penicilloides, Guignardia bidwelliPhyllosticta ampelicida and Guignardia citricarpa-Phyllosticta citricarpa.Holomorphic
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connection between Vermiculariopsiella endophytica- Echinosphaeria macrospora was
established for the first time through this study.
Observations on RAPD analysis showed that Phomopsis stipata isolates displayed
polymorphism, proving RAPD be a confirmatory method and OPK-19 an adept primer in
detecting intra-specific DNA polymorphism in Phomopsis stipata isolates. Sequence
analysis confirmed the holomorphic connectivity between Guignardia and Phyllosticta.
In absence of sufficient sequence data at the Genbank and obscurity in morphology-based
identification, the identity of the isolate remained uncertain.
Preliminary antimicrobial screening of the isolates indicated that a good number
of cultures are bioactive and a few of which with promising activities can be developed
further. Similar observations were made earlier by others who had screened endophytes
obtained from medicinal plants for bioactivity. In the present study, phylloplane and
saprotrophic fungi were also screened, along with the endophytes. The results indicated
that, similar to the endophytes, the phylloplane and saprotrophic fungi associated with
medicinal plants are also creative. On comparing the strains of similar fungi from
different sources for bioactivity, it was concluded that the bioactivity pattern of the
fungus was influenced by combined effect of the host, substrate, tissue or geographical
location from where the fungus was collected.
When the creativity index of sporulating and non-sporulating fungal isolates was
compared, it was observed that there was not much of variability in their activity pattern
suggesting that the taxonomically anonymous group of fungi such as the non-sporulating
ones are also equally creative and should not be overlooked in bioprospecting exercise.
In the ecological studies, the following observations were made. When the
diversity of fungi in each medicinal plant was compared, it was observed that the type of
fungi the plant harbors does not necessarily depend on the narrow taxonomic groupings
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of plants. Rather, the diversity is influenced by higher taxonomic groupings such as
Classes (Monocotyledonae or Dicotyledonae). When 3 microhabitats within the plants
were compared for the pattern of fungal diversity, a proportionate number of fungi was
found to overlap between the internal plant tissue and external saprophytes. This is in
conformity with previous observations and based on the understanding that fungi
occurring as endophytes occur as latent pathogens at the senescent stage of the plant part
and later occur as saprophytic fungi. Non-overlap in the other species may not be a fact
but an artifact of highly diverse fungal assemblages. Low and inconsistent overlap
between phylloplane and endophytes and between phylloplane and saprotrophs was
observed as reported in previous studies. The saprophytic fungal diversity was found to
be less compared to other studies such as that on the monocots. This could be due to
physico-chemical properties of the substrate that are known to regulate fungal flora ad
colonization patterns of litter.
It was observed that for all the 4 tissue types studied, viz. leaf, stem, root and
bark, the colonization frequency of each fungus varied, in most cases, with the wet season
having more than the dry one. The variations in location did not exert a recognizable
influence on the species diversity and colonization rate of fungi suggesting that no site
can be considered to have higher colonization rates than the other.
The overall colonization rates were comparable to other studies carried out in
tropics. The study revealed that there are numerous singletons, appearing apparently due
to their limited growth and colonization of the internal plant tissue.
It was observed that, be it individual tissue types or the host on the whole, wet
season supported higher endophytic diversity than the dry. This was statistically
significant and further inferred that precipitation encouraged increase in endophytic
diversity, as reported previously elsewhere.
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Species diversity varied with locations. This suggested that every site had its
distinct assemblage of fungi and the diversity of each of this assemblage, i.e. the
probability that two fungi taken at a random would belong to different species was high in
all plants studied.
The diversity of fungi in each of the internal tissue was found to be equally high
unlike that observed in previous studies. When the overlap in diversity within tissues was
studied it was observed that in most of the cases endophytic fungi exhibited a strict tissue
preference. This adaptation could be aimed to minimize competition within them and
maintain balanced relation between fungi and plants.
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Appendices

Annexure 1: Media formulations and buffers

Potato Carrot Agar (PCA)
Grated potato
Grated carrot
Agar
Distilled water

20 g
20 g
20 g
1 litre

Tap-water agar with sterile banana leaf pieces
20 g
Agar
1 litre
Tap water
Banana leaf lamina cut into 1cm2 size pieces, washed thoroughly and
autoclaved in distilled water
Once tap water agar dispensed in Petri plates the autoclaved banana
leaf pieces were dried on a sterile blotting paper and placed in the
semisolid medium and allowed to set.

Synthetic nutrient-poor agar (SNA) with sterile filter paper
1g
KH2PO4
1g
KNO3
MgSO4.7H20
0.5 g
0.5 g
KC1
0.2 g
Glucose
0.2 g
Sucrose
0.5 g
Yeast extract
20 g
Agar
1 litre
Distilled water
Once SNA was dispensed in Petri plates the 1cm 2 sterile filter paper
pieces were placed in the semisolid medium and allowed to set.

Yeast extract sucrose (YES) broth
Sucrose
Yeast extract
Distilled water

100 g
20 g
1 litre

2x CTAB buffer
Tris Cl
NaCl
EDTA
Cetyl trimetyl ammonium bronmide
2- mercaptoethanol

0.1 M
1.4 M
0.02 M
2 % (w/v)
0.02 % (v/v)
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Abstract - -Two new hyphornycetes, Chalara indica and Sorocybe indicus, collected from the
forests of Western Ghats in Goa, India, are illustrated and described in this paper. Chalara
indica sp. nov., based on a fungus isolated from fresh leaves of Areca catechu (Arecaceae),
is characterized by fasciculate, mononematous conidiophores with percurrently regenerating phialidic condiogenous cells and cylindrical conidia which. are rounded at the tip and
truncate at the base. Sorocybe indicus sp. nov., characterized by white, terminally olivaceous
to median brown synnemata and hyaline, fusiform conidia developing in branched,
acropetal chain.s on holoblastic conidiogenous cells, was isolated from hanging. dead twigs
of Anacardium occidentale (Anacardiaceae).

Anamorphic fungi I biodiversity I taxonomy I tropical fungi

INTRODUCTION
During the course of an on-going study of fungi of the Western. Ghats in
southern India, we encountered two new fungal species. One, a species of Chalara
(Corda) Rabenh:, was present on leaf spots on fresh and intact leaves of Areca
catechu (Arecaceae) in a plantation. The second, a synnematous fungus of the
genus Sorocybe Fr., was found on dead, hanging twigs of Anacardittm occidentale
(A.nacardiaceae) about 2 m above the ground level. The fungi were compared with
previously described similar taxa in respective genera and found to be distinct and
warrant taxonomic disposition as two new species.
Attempts to culture the fungi were partially successful. The synnematous
fungus was recovered in culture by single spore isolation method. The sample,
slide and culture are deposited at the Goa University Fungus Culture Collection.
The fungi are described and illustrated below.

TAXONOMY
(Figs 1-2)
Chalara indica Pratiblia, K.D..Hyde et Bhat, sp.nov.
Leaf spots amphigenae„sphaericae vel infra-sphaericae, brunneac, 0.7- 2 cm
diam. Coloniae effttsae, brunneae, mycelium ittitilerSUM, ex hyphis ramosis, septatis,
Correspondence and reprints: bhardj@redifirnail.com
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a

and b: Chalara indica: conidiophores and coniclia.

2-3 pin latis compositum. Conidiophora fasciculata, mononematosa, brunnea, 1-3septata, non-ramosa, laevia, 70-170 x 6-.10 ,um. Cellulae conidiogenae monophialidicae, regenerance purcurrentibus, paleseentiorae vel brunneae, laeviae, 55-70.5 pm
longae; venter rotondatae vel sub-cylindricae, 32.5-40 pm longae, 11-16.5 pm latae;
collarette cylindricae, 25-32.5 x 8-10 pm. Conidia IMICOSa, endogena, hyalina, cylindrica, laevia, eseptata, apice rotundata, basi truncates, 20-30 x 5-6.5 pin, in basipetale
pseudo-catenis facile.
Holotypus on leaves of Areca catechu Linn. (Arecaceae), J. Pratibha,
12 July 2003, Kesarval, Goa, India, Herb. GUFC No. P49.
Paratypus: from the same origin, HKU(M) 17495.
Leaf spots amphigcnous, circular to sub-circular, brown, 0.7-2 cm in diam.
Colonies effuse, brown, composed of immersed mycelium with branched, septate,
2-3 um. wide hyphae. Conidiophores fasciculate, mononematous, brown, 1-3-septate, u.nbranched, smooth, 70-170 x 6-10 um. Conidiogenous cells phialidic, purcurrently regenerating, pale to moderately brown, smooth,. 55-70.5 um. long; venter
round to sub-cylindrical, 32.5-40 um long, 11-16.5 um wide at the broadest part;
collarette cylindrical, 25-32.5 x 8-10 um. Conidia slimy, endogenous, hyaline, cylindrical, smooth, a.septate, rounded at apex, truncate at the base, 20-30 x 5-6.5 um,
developing in ba.sipetal chains.
Notes. The genus Chalara, typified by C. fusciclioides (Gorda) Rabenh., is
characterized by sessile or stalked, loose to fasciculate, unb.ranched to rarely
branched, mononematous, light to moderately brown conidiophores, phialidic
condiogenous cells with a basal venter, a long collarette and a deep-seated con.idio- genlous locus, and hyaline, usually cylindrical, 1-2-celled, conidia which are
sometimes in slimy, short to long chains. Nag Raj and Kendrick (1975) mon.ogra-
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Fig. 2: Chalara indica: conidiophores and conidia.
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phed Chalara and provided a key to the accepted species. McKenzie et al. (2002)
while describing two new species provided a key to the taxa described since 1975
in the genus.
Of the nearly 100 so far known species in the genus, C. indica may be
compared with C'. microchona W. Gams (Gams and Holubova-Jechova, 1976) for
its regenerating phialides and C. sibika Subram. and Sudha (Subramanian and
Sudha, 1986) in conidial dimensions. However, in C. microchona the phialides
regenerate sympodially and the conidia are 3.5-5 x 1.3-2.5 p.m. In C. sibika, the
cylindrical conidia are truncate at both ends and measure 12.1-26.4 x 2.5-3.3 pm.
Further, the first-formed conidia in C. sibika are turbinate (6.5-9.5 x 4.8-6), whereas the conidia in C. indica are undifferentiated.
Sorocybe indicus Puja, K.D. Hyde et Bhat, sp. nov.
(Figs 3-4)
Coloniae effusae, canities, capillatus. Mycelium immersum. Conidiophora
synnematosa, erectae, ordino confertim., laevia, septata, synnema 500-700 x 3585 ,um. Cellulae conidiogenae in conidiophoris incorporatae, holoblasticae, polyblasticae, determinatae, hyalin.ae vel olivaceous brunnea, laevia, 14-20 x 1-1.5 ,um.
Conidia catenula, limosus, fusiformes, ambo extrema plan us, hyalinae vel pallide
brunnea, laevia vel verruculosa, eseptate, 6-20 x 2-5 pm,
Conidial hyphomycete. Colonies effuse, white to gray, hairy. Mycelium
mostly immersed, composed of 1.5 to 2 pin wide, hyaline hyphae. Conidiophores

synnematous, erect, compactly arranged, smooth, septate, branched in the above
half, hyaline below the lower 314th, olivaceous to dark brown towards the apex;
synnema 500-700 x 35 - 85 pm. Conidiogenous cells holoblastic, polyblastic, integrated, determinate, hyaline to pale olivaceous brown, smooth, 14-20 x 14.5 pm.
Conidia catenate, slimy, fusiform, flat at both the ends, hyaline to very pale brown,
smooth to minutely verruculose, one-celled, 6-20 x 2-5 pm, developing in branched, acropetal chains, with broad interconidial constricted septa, with remnant of
the conidiogenous cell often remaining at the base; terminal conidium truncate at
the base, apiculate to elongated at the tip, 6-30 x 2-3 pm.
Colonies on MEA effuse, very slow growing, white to gray, woolly, slightly raised at the center, with partially immersed mycelium, up to 1.5 cm diam in
7 days at 25°C, reverse grayish-black. The fungus in culture did not sporulate even
after two months of incubation.
Holotype: Western Ghats, Goa; on hanging dead twigs of Anacardium
occidentale Linn., 14 July 2003, Puja, G., Herb. GUFC No: AF-11; Cultura ex-type
(GUFCC, No.-3179).
Notes. In a taxonomic reassessment of the genus Sorocybe Fr., [Type sp.
S. resinae (Fr.)Fr.], Partridge and Morgan-Jones (2002) considered Pycnostysanus
Lindau and Hormoconis Arx & G.A. de Vries as nomenclatural synonyms of the
former. The genus Sorocybe is characterized by mostly synnematous, compactly
arranged, brown, smooth, septate, distally branched conidiophores, polyblastic,
integrated, determinate conidiogenous cells and catenate, dry, unicellular, fusiform
to ellipsoidal, pale brown to brown conidia. The conidiogenous loci are protuberant and interconidial septa are distinctly wide in the wood-inhabiting, saprophytic S. resinae. In natural condition, both synnematous and mononematous forms
are recognized in close proximity to one another. Besides the type, S. tenella is the
only other known species in the genus.
Partridge & Morgan-Jones (2002) established monotypic genus Seifertia.
Partridge & Morgan - Jones, with S. azaleae (Peck) Partridge & Morgan-Jones as
type, for the causal organism of bud blast and twig blight of azaleas and rhodo-
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Fig. 3, a-d: Sorocybe indicus: synnemata and catenate conidia.

dendrons. Though, with synnematous, brown, compactly arranged, septate, distally
branched conidiophores, integrated, polyblastic conidiogenous cells and catenate,
unicellular, oblong or ellipsoidal conidia, S. azaleae superficially resembles to
Sorocybe resinae, differs from the latter in its narrow interconidial isthmi and virulently plant pathogenic habitat.
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Fig. 4: Sorocybe indicus: Synneinata, conidiophores and catenate conidia.
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With broad interconidial septa and saprotrophic habitat, S. indicus justifies its placement in Sorocybe. The fungus differs from earlier known species with
its hyaline but terminally ol.ivaceous brown synnemata, and comparatively long
(S. indicus: intercalary conidia: 6-20 x 2-5 p.m, terminal conidium: 6-30 x 2-3 pm;
S. resinae: conidiu.m: 5-11 x 3-6 prn), slimy, very pale brown, minutely verrucose
conidia.
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-Echinosphaeria macrospora sp. nov., teleomorph of
Vermiculariopsiella endophytica sp. nov.
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Abstract — Echinosphaeria macrospora is a novel endophyte isolated from stems of Centella
asiatica (Apiaceae/Umbelliferae) with its novel, hyphomycetous anamorph, Vermiculariopsiella endophytica. The fungus first produced the conidial state, followed by development
of its teleomorph after 4 weeks of incubation. Echinosphaeria macrospora differs from the
type of this monotypic genus, E. canescens, in having wider asci and larger ascospores. This
is the first report of a sexual state amongst the species of Vermiculariopsiella and the third
asexual stage of Echinosphaeria.

Anamorph-teleomorph connection / perithecium / Helminthosphaeriaceae / sporodochia /
Western Ghats

INTRODUCTION
Fungi are pleomorphic, i.e., they are capable of producing more than one
form or type of spore in their life cycle (Sugiyama, 1987; Cai et al. 2005; Fernandez
& Huhndorf, 2004, 2005; Huhndorf & Fernandez, 2005). The complete lifecycle of
many fungi is poorly understood and therefore anamorph-teleomorph connections as and when established, attain significance. One such anamorphic genus
with hitherto unknown teleomorph is Vermiculariopsiella Bender (Bender, 1932).
During studies on biodiversity of microfungi of the Western Ghat forests
in Goa, India (Pratibha et al., 2005; Shenoy et al., 2005), we isolated a novel species of hyphomycetous, endophytic fungus, Vermiculariopsiella endophytica, from
living stems of Centella asiatica. The fungus in culture produced its sporodochial
conidial state in 4 days. After one month of incubation at 23-25 °C, perithecia
developed - in small groups on tiny, inconspicuous, stromatic base amongst the
sporodochia. The ascocarp, asci and ascospores of the teleomorph were similar
to Echinosphaeria A.N. Mill. & Huhndorf (Miller & Huhndorf, 2004). The
anamorph and teleomorph distinctly differ from hitherto known species in respec-\
tive genera and therefore are described as novel taxa, in this paper. This is the first
report of sexual state amongst the species of Vermiculariopsiella and the third
asexual stage of Echinosphaeria.

* Corresponding author: e-mail < bhatdj@rediffmail.com >
# e-mail: < pujabg@yahoo.co.in>

12

Gawas Puja, B.D. Shenoy, K.D. Hyde & D.J. Bhat

MATERIALS AND METHODS
Isolation of the fungus from host tissue
Fresh stem and leaves of Centella asiatica were processed for isolation of
endophytic fungi following the procedure described by Petrini & Fisher (1986).
The surface sterilized stem and leaf tissues were cut into pieces of 0.5 cm 2, plated
in 2% malt extract agar (MEA) medium and incubated for 7-14 days at 25°C.
Fungal mycelium emerging out of cut ends of the tissue was aseptically transferred
onto fresh MEA plates. The plates were incubated for over 2 months or until the
fungus produced both it anamorphic and teleomorphic forms in the medium.
Confirmation of anamorph-teleomorph connection
The perithecium developed in culture was transferred onto a flamesterilized slide and carefully dissected in a drop of sterile distilled water to separate individual ascospores. The ascosporic suspension when spread on a 2% MEA
plate, germinated readily. Germinated ascospores were individually transferred
into slants and incubated at 25°C until sporulation effected. The anamorph developed in culture was in conformity with Vermiculariopsiella endophytica.

TAXONOMY
Echinosphaeria macrospora Puja, Bhat & K.D. Hyde sp. nov.

(Figs 1-9)

Ascocarpis peritheciis, pyriformis, gregariis, nigris, velvetis, aggregatis,
cupulatis exaresco, 410-490 pm longis, 150-265 pm latit ad medius ora; oriundus
brevis stromatic pessum. Ostiolis brevis, conicus, cum centralis apicalis. Peridium ii
pseudoparenchymati, duo-layeri, cum angulari, leviter tenuibis cellulae. Extrenus
layera atrum brunnea, cum 5-7 rows arto, pariter, profundus, angularis cellulae,
3-7-pm diametro. Penitus layera hyalinis vel subhyalinis, cum 4-6 rows arto, substrictus, parietibus tenuibus cellulae. Paraphyses absens. Asci oriundus penitus
peridium pessum cellulae, octospori, clavati, unitunicati, pedicillati, 120-165 x 1417.5 pm; leviter substricti ad apice, iodo noncoerulescenti provisi, cum emineo apice
orbis. Ascosporae 41-45 x 6-11 pm allantoideae vel vermiformae, hyalinae vel
subhyalinae, eseptatae, guttulatae, laevia, biseriatae.
.

Etymology: Larger size of the ascospores as compared to the type.
Ascomata perithecial, pyriform, 410-490 pm high, 150-265 pm wide at the
middle broadest region, gregarious, often growing in groups of 2-8 on a small stromatic base, black, velvety, cupulate when dry, with short, conical, centrally located
apical ostiole. Peridiurn pseudoparenchymatous, 2-layered, composed of angular,
slightly flattened cells. Outer layer dark brown, with 5-7 row of compactly laid,
uniformly thickened, angular cells 3-7 pm diam. Inner layer hyaline to subhyaline,
with 4-6 rows of closely packed, narrow, thin-walled cells. Paraphyses not
observed. Asci 120-165 x 14-17.5 pm (mean = 150 x 16 pm), arising from the basal
cells of inner peridium, 8-spored, clavate, unitunicate, pedicillate, slightly
narrower at the tip, nonamyloid, with conspicuous apical ring. Ascospores
41-45 x 6-11 pm (mean = 43 x 8 pm) allantoid to vermiform, hyaline to subhyaline,
aseptate, guttulate, smooth-walled, biseriately arranged in the asci.

Echinosphaeria macrosporasp. nov.
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Figs 1-8. Echinosphaeria macrospora 1. Ascocarp with attached anamorph (arrowed). 2. Asci.
3. Vertical section through ascoma. 4. Peridium. 5. Immature ascus with conspicuous apical ring
(arrowed). 6. Ascus with biseriately arranged ascospores. 7, 8.. Ascospores.
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Fig 9. Echinosphaeria macrospora. Ascocarp, asci and ascospores.

Echinosphaeria macrosporasp. nov.
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Anamorph — Vermiculariopsiella endophytica Puja, Bhat & K.D. Hyde
sp. nov.
Habitat — Centella asiatica.
Known distribution — India
Holotype: INDIA, Western Ghats, Goa, Colem, endophyte in stems of
Centella asiatica, 24 January 2005, Puja Gawas, Dried culture mat, GUBH (Goa
University Botany Herbarium) No. CaEnC-3.

Vermiculariopsiella endophytica Puja, Bhat, K.D. Hyde sp. nov.
(Figs 10-15)
Coloniae in vitro aliquanta vel celer proventa, pervenio 5.5-6 cm diametro
in 7 dies, platy, cum irregulari vel rhizoidali labrum, pallens-albo vel pallide brunnea, inverto palide brunnea. Sporodochia oriundus brevis stromatic pessum, sparsa,
cream vel peach-coloris, setosae. Conidiophora laevia, septata, parum tremes, hyalinis vel palide-coloris, 75-85 x 6-9 pm. Setae 3-15, laevia, 2-6-septata, haud-tremes,
erecta vel leviter curvata ad pessum, atrum brunnea, acuminata ad apicem, 180318 pm longis, 10-11 pm latit ad pessum, 6-7 pm latit ad medius; oriundus parietibus crassi, brunnea 5-7 pm diametro stromal cellulae. Cellulae conidiogenae
monophialideae, integratae vel discretae, sine emineo collarettae, 22-25 x 10-11 pm.
Conidia solitaria, cylindrica, teres ad duo extremitas, laevia, eseptata, hyalina,
32-42 x 10-11 pm, una peach-coloris.
Etymology — Refers to endophytic nature.
Colonies moderate to fast growing in culture, attaining diam of 5.5-6 cm in
7 days, flat, with irregular to rhizoidal margin, off-white to pale brown, reverse pale
brown. Sporodochia develop on small stromatic base, scattered, cream to peachcoloured, setose, with smooth, septate, sparsely branched, hyaline to pale-coloured
75-85 x 6-9 [tm conidiophores; setae 3-5, smooth, 2-6-septate, unbranched, straight
to slightly curved at base, dark brown, pointed at the tip, 180-318 [tm long, 10-11 [tm
wide (mean = 240 x 10 iim) at base, 6-7 [tm wide at the center; arising from basal
thick-walled, brown 5-7 [tm diam stromal cells. Conidiogenous cells monophialidic,
integrated to discrete, 22-25 x 10-11 [tm, without a conspicuous collarette. Conidia
solitary, cylindrical, rounded at both ends, smooth, aseptate, hyaline, 32-42 x 1011 [tm (mean = 36 x 10.5 [tm), in mass peach-coloured.
Habitat — Centella asiatica.
Known distribution — India
Holotype: INDIA, Western Ghats, Goa, Colem, endophyte in stems of
Centella asiatica, 24 January 2005, Puja Gawas, Dried culture mat, GUBH No.
CaEnC-3.

DISCUSSION
The phylogenetic analyses of partial nuclear large subunit (LSU) rDNA
sequences have shown the "Lasiosphaeria-complex" to be highly polyphyletic in
that species segregated into seven monophyletic clades dispersed among several
orders (Miller & Huhndorf, 2004). Consequently, the generic circumscription of
Lasiosphaeria has been narrowed, with an addition of three novel genera,
Echinosphaeria A.N. Mill. & Huhndorf, Hiberina A.N. Mill. & Huhndorf and
Immersiella (Lasiosphaeriaceae) A.N. Mill. & Huhndorf. Echinosphaeria has
phylogenetic affinities with the members of family Helminthosphaeriaceae (Miller
& Huhndorf, 2004).
The monotypic ascomycetous genus, Echinosphaeria is typified by
E. canescens (Pers: Fr.) A.N. Mill. & Huhndorf. The type species is a basionym of
Lasiosphaeria canescens (Pers.) Karst. Mycoth. fern. (Helsinki) 2: 162, 1873

16

Gawas Puja, B.D. Shenoy, K.D. Hyde & D.J. Bhat

Figs 10-14. Vertniculariopsiella endophytica. 10. Stereo-microscopic image with V. endophytica
(black arrowed) and E. macrospora (white arrowed). 11, 12. Sporodochial conidiomata with setae
and conidiophores. 13. Conidia 14. Phialidic conidiogenous cells

Echinosphaeria macrospora sp. nov.
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Fig 15. Vermiculariopsiella endophytica. Sporodochial conidiomata with setae, conidiophores,
conidiogenous cells and conidia.
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Table 1. Distinguishing features of Vermiculariopsiella species described so far.
Conidia

Ref

Aseptate, fusiform, 15-19.5 p.m long

5

Cylindrical, curved near acuminate apex

4

Data not available

4

Branched

Monophialidic, subcylindric to lageniform
with recurved cylindric neck recurved with
a flared collarette
Monophialidic, no conspicuous collarette

Aseptate, 20-27 gm long

3

Unbranched

Rarely
branched

Monophialidic, cylindrical with distinct
collarette

4

immersa (Desm.)
Sender.

Unbranched

Rarely
branched

7 indica
Ceshavaprasad,
)'souza & Bhat
parva
Ceshavaprasad,
)'souza & Bhat
parvula Nawawi,
Zuthub. & Sutton

Unbranched

B ranched

Monophialidic, subcylindric to lageniform
with recurved cylindric neck recurved with
a flared collarette
Monophialidic, no conspicuous collarette

3-septate, guttulate, falcate with pointed and
curved apex, truncate to rounded base
36-47 gm long
Aseptate, guttulate, cylindrical with pointed
and curved apex, base obtuse to rounded
13-23 gm long.
Aseptate, cylindrical 12-15 gm long

Unbranched

Branched

Monophialidic, no conspicuous collarette

Aseptate, cylindrical 22-30 gm long

3

Unbranched

Branched

Monophialidic, subcylindric to lageniform,
flared collarette

4

Once dichotomously
branched

Rarely
branched

Monophialidic, subcylindric to lageniform
with recurved cylindric neck recurved with
a flared collarette
Monophialidic, subcylindric to lageniform,
with recurved ends, collarette
Monophialidic, inconspicuous collarette,
sub cylindric

Aseptate, guttulate, cylindrical with apex
slightly curved and pointed, base rounded to
obtuse 8-13 gm long
Data not available

Aseptate, cylindric apex curved and pointed,
base obtuse rounded 15-19 gm long
Aseptate, cylindrical, 32-42 gm long and
10-13 gm wide

2

. ramosa (Sutton)
iawawi, Kuthub. &
utton
spiralis Crous,
Vingf. & B. Kendr.
endophytica Puja,
hat & K.D. Hyde

Branched

Conidiogenous cells
Mono- to polyphialidic, lageniform with
flared collarette
Polyphialidic, obclavate to cylindrical

1

Unbranched

Conidiophores

Thrice dichotomously Unbranched
branched
Branched with
primary and
secondary branches
Unbranched

Unbranched spirally
twisted
Unbranched

Rarely
branched

Rarely
branched

Bender (1992), 2: Crous et al. (1995), 3: Keshavaprasad et al. (2003), 4: Nawawi & Kuthubutheen (1990), 5: Pasqualetti & Zucconi (1992).

1

3

4

Present
study

-a-{t `ufnd sunnuo

V. arcicula Pasqual. &
Zucconi
V. cornuta (Rao & de
Hoog) Nawawi,
Kuthub. & Sutton
V. cubensis
(Castaileda) Nawawi,
Kuthub. & Sutton
V. elegans
Keshavaprasad,
D'souza & Bhat
V. falcata Nawawi,
{uthub. & Sutton

Setae

req g .f*CI N OpicET *a- 31 'xouogs

Species
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Table 2. Distinguishing features of known species of Echinosphaeria
Species
E. canescens

(Pers: Fr.)
Mill. & Huhndorf.
E. macrospora

Puja, Bhat &
K.D. Hyde

Ascocarp

Ascus

Ascosp ore

Refs.

Sub-globose to
ovoid

Cylindric-clavate,
10-12 pm wide

Uniseptate, 20-28 x 4-5 pm
wide

1, 2

Pyriform

Clavate,
120-165 pm long

Aseptate, 41-45 pm long and
6-11 pm wide

Present
study

1: Saccardo (1883); 2: Miller & Huhndorf (2004)

(= Sphaeria canescens Pers., Syn. Meth. Fung.: 72, 1801). The genus is characterised by perithecial ascomata with 8-spored, unitunicate, nonamyloid asci containing allantoid, guttulate, hyaline, smooth-walled, biseriately arranged ascospores
(Saccardo, 1883; Miller & Huhndorf, 2004). Echinosphaeria canescens was previously reported to have Endophragmiella anamorph and a Selenosporella-like
synanamorph (Hughes, 1979; Sivanesan, 1983) and in this study E. macrospora
was found to have a Vermiculariopsiella anamorph.
Echinosphaeria macrosporais typical of the genus in having carbonaceous,
shining, soft ascomata, unitunicate, nonamyloid, 8-spored asci and hyaline, allantoid ascospores. Echinosphaeria macrospora differs from E. canescens in having
wider asci (14-17.5 pm vs. 10-12 pm) and greatly larger ascospores (41-45 x 6-1111M
vs. 20-28 x 4-5 pm) (Tab. 2). The length of asci was not indicated in the description
of the type species [= Lasiosphaeria canescens (Pers.) Karst.] and hence could not
be considered for comparison (Saccardo, 1883; Miller & Huhndorf, 2004).
Vermiculariopsiella, typified by V. immersa (Desm.) Bender (Bender,
1932) is characterised by setose sporodochia, with hyaline, non-septate conidia produced in slimy mass on compact columns of cylindrical to obclavate phialidic conidiogenous cells. Recently, three new species have been added to the genus from
India by Keshavaprasad et al. (2003), who also provided a key to the existing species. The taxa within the genus differ in organization of sporodochia, shape and size
of setae, branching of conidiophores and phialides and, shape and size of conidia.
An important, notable taxonomic rearrangement associated with Vermiculariopsiella is segregation of two species, V. microsperma Castaneda & Kendrick and
V. ludoviciana Castatieda, Cano & Guarro (Pirozynski, 1962; Kirk & Sutton, 1985;
Arambarri & Cabello, 1989; Castaneda & Kendrick, 1992; Pasqualetti & Zucconi,
1992; Arambarii et al., 1997; Castaneda et al. 1997; Index Fungorum 2005) from the
genus. All recognized species of the genus are listed and compared in Table 1.
Amongst the species described in the genus Vermiculariopsiella (Tab. 1),
V. endophytica is close to V. falcata only in conidia] dimension. The conidia are
36-47 pm long in V. falcata and 31-36 pm long in V. endophytica. However,
conspicuous phialidic collarettes and 3-septate, falcate conidia of V. falcata are not
present in V. endophytica. Though the shape and architecture of V. parva, V. elegans and V. indica are similar to V. endophytica, the conidia in the latter differ
markedly in size.
The present study once again exposes the challenges posed by pleornorphism and synanamorphy to systematic mycology (Cannon & Kirk, 2000)
Acknowledgements. PG and DJB are indebted to the UGC, CSIR, MOEN,
Government of India, for research support grants. BDS thanks The University of Hong
Kong for the award of a postgraduate studentship.
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Vamsapriya indica gen. et sp. nov.,
a bambusicolous, synnematous fungus from India
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Abstract

—

Vamsapriya indica gen. et sp. nov. is reported from decaying culms of bamboo,

Bambusa arundinacco (Gramineae or Poaccac), collected at Yellapur, Uttara Kannada,

Karnataka, India. The fungus is unique in producing catenate, phragmosporous conidia
on synnematous conidiophores with non-cicatrized, monotretic conidiogenOus cells.
The novel genus is described and illustrated, and compared with two closely resembling
genera, Didymobotrywn and Podosporium.
Key words — conidial fungi, tropical biodiversity, hyphomycetcs, taxonomy

Introduction
Fungi occurring on rnonocot plants are fairly well documented ( Ju & Rogers 1994; Frohlich
& Hyde 1999; Hyde & Alias 2000; Yanna et al. 2001). Among them, bambusicolous fungi
have been well-studied (Petrini et al. 1989; Eriksson & Yue .1990; Hyde et al. 2002a) with
a special interest on the pathogens (Samajpati 1984; Johnson 1985; Deka et al. 1990) and
saprobes (Hyde et al. 2001; Zhou & Hyde 2002; Hyde et al. 2002b). Presently, more than
110 bambusicolous fungi have been recorded (Shenoy et al. 2005a).
During the course of studies on fungal diversity of Western Ghat forests (e.g. Pratibha
et al. 2005; Shenoy et al. 2005b), we came across a unique, dematiaceous, synnematous
hyphomycetous fungus on decaying culms of bamboo, Bambusa arundinacea (Betz.)
Willd. (Gramineae or Poaceae). On careful examination, we observed a combination
of morphological characters of the genera Didymobotryum Sacc. and Podosporiton
Schwein. Both Diclyrnobotryurn, lectotypified by D. rigidum (Berk. & Broome) Sacc. and
Podosporium lectotypified by P rigidum Schwein. are characterized by large synnernata
with a stipe and apical head, branched conidiophores, monotretic conidiogenous cells
and acrogenous conidia. However, the conidia of Didymobotryum are catenate and
1-septate whereas those of Podosporium are solitary and ph ragrnosporous (Ellis 1971).
The unique combinahon of catenate, phragmoporous conidia in a single fungus, with
the other features of both Didyrnobotrytan and Podosporiurn warrants placement of the
bambusicolous fungus in a new species and a new genus. Varnsapriya indic-a gen. et sp.
nov is described and illustrated in this paper.
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Taxonomic Description

Vamsapriya Gawas & Bhat anam. gen. nov.
Ad fungos conidiales, hyphomycetes. Coloniae effusae, atro brunneae vel nigra. Mycelium
substrato immersum, ex hyphis subhyalinis, septatis, ramosus, laevis. Conidiophora
macronematica, synnematica,'° atrobrunnea, laevia, septata, ramosa, laxus apicem.
Synnernatisa erecta, atro brunnea. Cellulae conidiogenae monotreticae, nunquan
cicatricem, integratae vel discretae, terminalae, clavatae. Conidia sicca, catenulata,
acrogenosa, brunnea, cylindrica, vermiforrnata, rotundata ad duo extremitas,
phragmoseptata, angustus ad septa, acropetalibus.
Etymology:

1

In Sanskrit

Vamsa

-

bamboo; priya loving.
-

Conidial fungi, hyphomycetes. Colonies effuse, dark brown to black. Mycelium immersed,
composed of subhyaline, septate, branched, smooth hyphae. Conidiophores distinct,
macronematous, synnematous, dark brown, smooth, septate, branched, wider at the
apex. Synnemata erect, dark brown, composed of compact parallel conidiophores, fertile
in the upper half. Conidiogenous cells monotretic, non-cicatrized, integrated or discrete,
terminal, clavate. Conidia dry, catenate, acrogenous, brown, cylindrical, vermiform,
phragmoseptate, constricted at the septa, developing in acropetal chains.
Type species: V. indica.
Vamsapriya indica Gawas & Bhat sp. nov.

Fig. 1-12

Ad fungos conidiales, hyphomycetes. Coloniae effusae, atrobrunneae vel nigra. Mycelium
substrato immersum, ex hyphis subhyalinis, septatis, tremes, laevis, 2.5-3.5 pm latis.
Conidiophora macronematica, synnematica, atrobrunnea, laevia, septata, tremes,
laxus, apicem, 3-4.5 pm lata. Synnematica erecta, rigidis, atro brunnea, 700- 870 pm
longa, 80-90 pm lat. ad possum, 28-42 pm lat. ad medius, 110-150 pm lat. ad apicem
fertilis ora. Cellulae conidiogenae rnonotreticae, nunquain cicatricem, integratae vet
discretae, terminaliae, clavatae, leviter curvatae extrinsecus, 4-12 x 2-4.5 pm. Conidia
sicca, catenulata, acrogenosa, brunnea, laevia, simplicia, cylindrica, verinifbrmata,
2-12-septata, 10-80 x 4-6 pm, angustus ad septa, acropetalibus; conidia terminalia Ceres
ad apicem, leviter truncata ad pessuin; conidia alia leviter truncata ad duo extremitas.

Holotype: On dead and decaying bamboo twigs, Yellapur, Uttara Kannada, Karnataka,
India, coll. Puja Gawas, 27/9/2005, Herb. No. IMI 393674.
Fungus hyphomycete. Colonies effuse, dark brown to black. Mycelium immersed,
composed of subhyaline, septate, branched, smooth hyphae, 2.5-3.5 urn wide.
Conidiophores macronematous, synnematous, dark brown, smooth, septate, branched,
wider at the apex, 3-4.5 pm wide. Synnemata erect, rigid, dark brown, composed of
compact parallel conidiophores, 700-870 um long, up to 80-90 urn wide at the base,
28-42 pm wide in the middle, up to 110-150 pin wide at the apical fertile region.
Conidiogenous cells mo.notretic, non-cicatrized, integrated or discrete, terminal,
clavate, slightly curved towards the exterior, 4-12 x 2-4.5 urn. Conidia dry, catenate,
acrogenous, brown, smooth, simple, cylindrical, vermiform, 2-12-septate, constricted
at the septa, 10-80 x 4-6 pm, developing in acropetal chains; terminal conidia rounded
at the apex, slightly truncate at the base; other conidia slightly truncate at both ends.
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Fig. 1-11. Varnsapriya indica. I. Stereornicroscopic image of the synnemata (bar = 0.5 cm),
2. Fertile apical zone (bar = 200 lam), 3,4. Conidiogenous cells showing monotretic conidiogenesis
(bars = 10 pm), 5-11. Morphological variation in conidial size and display of catenate nature of the
conidia (bars = 10 pin)

152

100Am

!OAR]

Fig. 12. Vamsapriya indica.
Synnemata, conidiogenous cells and conidia
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Discussion

Vamsapriya is morphologically similar to bidymobotryum and Podosporium. All
three genera have brown to black rigid synnemata with compactly arranged brown
conidiophores, monotretic, integrated, clavate to cylindrical conidiogenous cells
bearing dry, acrogenoUs, simple conidia. Didyrnobotryum differs from Podosporium in
having catenate, ellipsoidal-cylindrical, 1-septate conidia. Podosporium, in contrast, has
solitary, obclavate, multiseptate conidia (Ellis, 1971). Vainsapriya exhibits a combination
of morphological characters of both these genera, bearing catenate, cylindrical to
vermiform, multiseptate (phragmosporous) conidia. The catenate conidia do not
support disposition of Vamsapriya in Podosporium and their phragmosporous character
makes it difficult to accommodate in Didymobotryum.
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Psychrophilic fungi from Schirmacher
Oasis, East Antarctica
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Vasco-Da-Gama, Goa 403 804, India
2 Department of Botany, Goa University, Goa 403 206, India

This communication presents results of a preliminary
study on the fungal biodiversity of soils of Schirmacher
Oasis, East Antarctica. Using 2% malt 'extract agar
medium, serial dilution method was followed to recover the fungi in culture from the soil samples. Fungal
colonies were visible in culture plates only when maintained at 2-5°C for up to 45 days. Several taxa of fungi
were recovered.
Keywords: Psychrophilic fungi, Schirmacher Oasis, soils,
serial dilution method.
thrive at very low temperatures. These
include organisms living in deep sea (-1 to 4°C), Arctic
and Antarctic (-1. to —35°C during wintertime), and glacial
ice habitats (-5°C). Little is known on the biodiversity of
such habitats, especially microfungal diversity. A few reported organisms from these habitats are gaining popularity in recent years with the advent of genomics and
proteonomics 1-3 . Further, some of these, especially fun
and bacteria, are now known to produce unique enzyrs
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and secondary metabolites of immense biotechnological
potential.

The physiological and ecological mechanisms dull help
fungi to overcome and survive cold environmental conditions arc well explained by Robinson'', Ile indicated that
there is a predominance of sterile mycelia in the Antarctic
soils and this could be 11 physiological adaptation to overcome
the harshness of sub-zero temperatures. He also attributed
the production of melanin by these fungi as a protective
mechanism for survival under extreme temperatures.
Antarctica is a continent located at the South Pole. Barring 2% of the area, thick sheets of ice cover the remaining parts. Only a few species of fungi and bacteria have
been described from the region in the recent past, most of
them being from the marine environment, i.e. sea water and
sea ice. Little investigation has been carried out on soil
microorganisms of ice4ree areas. Studies of Nichols et
a1. 5 resulted in the recovery of 769 strains of Actinobacteria from the Antarctica. They suggested that the terrestrial environments of the region are a rich source of novel
and rare genera. They also studied at molecular level, the
total microbial diversity of the polar and deep-sea environment.
India has established a permanent research station, Muitri
at Schirmacher Oasis, East Antarctica and launched a series
of scientific expeditions since 1981, Earlier studies sug-

gested that life at Schirmacher Oasis is dominated by lichens6, mosses and algae". Studies on bacteria and yeast
were conducted by Shivaji i° . Effect of temperature on
bacterial populations was observed by Matondkar tt . Microfaunal studies of the region were carried out by Ingole
and Parulekar t2 .
Sharma" reported nine species of fungi from the Antarctica region. These include Arthrobotrys ferox on moss,
Torulopsis psychrophila and Phoma herbarunt on bird
excreta, P. herbarum on skeletal remains; Acremonium
antarcticum and A. psychrophilum on lichens and species
of Torulopsis, Psychrophila and Cryptococcus on ornithogenic soils. Besides, a . few alien species of fungi, viz.
Hormoconis resinae on oil spills and species of Dacrymyces and Exidia on wooden debris have also been reported by Sharma". Some of the tropical saprophytic fungi,
viz. Chaetomium globosum, Stemphyliurn sp., Curvularia
lunata, Memnoniella echinata, Aureobasidium pullulans,
Aspergillus niger, Paecilomyces varioti, Penicillium funiculosum and Cladosporium sp., were exposed to Antarctic
environment for a period of 14 months by Dayal et A", in
order to study their viability, growth rate and virulence,
but no major variation in activity was observed. In subse-

quent yearS, steady 'increase in summer temperatures and
concomitant glaciological changes resulted in further exposure of soils in Antarctica and warranted continued
studies on the life of the region.
The authors had an opportunity to examine the fungal
diversity of soils of Schirmacher Oasis based on samples
collected during a recent expedition by one of the authors.
CURRENT SCIENCE, VOL. 90, NO. 10, 25 MAY 2006
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+ (1, 2, 3) The sites of sample collection
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Figure 1.
Table 1.

11.60

11.65

11.70
1

11.75

11.80

11.85

Soil sample collection sites in Schirmacher Oasis 2° .

GPS locations and characteristics of soil sample used for assessment of fungal diversity in
Schirmacher Oasis

Sample
no.

Date of
collection

1

17.01.2004

2

30.01.2004

3

03.02.2004

GPS location
70°44'38.3"
11°28'41.7"
70°45'49.8"
11°45'55.2"
70°46'10.5"
I 1°49'34.7"

Altitude
(in)

Depth of
collection (cm)

Soil temperature
(°C)

pH

72

5

0

5.75

92

5

+1

5.27

112

5

+1

5.96

Schirmacher Oasis (70°46'04"--70°44'21"S; 11°49'54"—
11°26'03"E), located approximately 70 km south of Princes
Astrid coast, consists of a number of rocky hills and valleys that extend from Dronning Moud land (Figure 1). Its
elevation varies from 0 to 236 m asl. The oasis, with
width of 3 km and a length of 20 km, is oriented in an eastwest 'direction. The northeastern and northwestern corners
of the area are on ice-shelf, while the southwestern extremity is on polar ice-sheet. The southeastern end lies on a
rocky outcrop. The area has three types of lakes, viz. proglacial lake, land-locked lake and epi-shelf lake.
The average annual temperature is —10°C and mean
wind velocity is about 10 ms -1 . The average precipitation
(snow) ranges between 250 and 300 mm and relative humi-, s,
dity is 15-20%. Air temperature ranges between —5°C and
+9.2°C during summer months and between —12 and —33°C
during winter. According to India Meteorological Department (IMD), the highest temperature of the year was
9.2°C during the polar summer on 30-31 December 2003
and the lowest temperature of the year was —33°C during
polar winter on 24 July 2003. During summer, the polar
ice melts and water often flows into the lakes.
90;140711W23191AY-2006. —

The valleys are ice-free because the mountains block
the flow of ice from the polar plateau and low precipitation and strong winds lead to little accumulation of snow
in the area. The lakes occupy closed basins and vary in
surface area, depth and ice-cover thickness. The observations presented here were derived from 3 GPS locations
(Table 1) of Schirmacher Oasis, Dronning Moud land,
East Antarctica.
The soil samples were collected by Corer, during 17
January to 3 February 2004 from different GPS locations.
T,he temperature of the samples measured at the site was
0 to +1 ° C. However, it may range on the day of observation
between —2 and +2°C. The samples were packed in sterile
plastic bags and maintained at —40°C using dry ice during
transportation. They were later stored in the cold laboratory
of National Centre for Antarctic and Ocean Research,
Goa until study.
Isolation of soil fungi was carried out following the
method proposed by Waksman 15 . One gram of soil sample.
was suspended in 100 ml of sterile distilled water and serially
diluted to 10-2 , 10-3 , 10-4 , and 10-5 dilutions. About 0.5 ml
of each aliquot was spread evenly on surface of 2% MEA
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Figure 2. a. Torulopsis psychrophila: b, Fusarium sp.. c, d, Aspergillus sp.; e, Cladosporium sp.
f, Undetermined pycnidal taxon; g, Spores off; h, Trichoderma sp.

(malt extract agar) medium with 5.5 pH (soil pH recorded
at the collecting site) embedded with a cocktail of antibiotics.
Each dilution was plated in triplicates. The plates were
sealed and incubated at 2-5°C, a temperature range recorded
at study sites for about 45 days before isolation. The
method was followed for all the samples studied. The recovered fungi were identified down to generic/species
level based on morphological characters and following
6-19 . Growth rate of the isolates was
the standard literat
calculated in to ' of mm/day, after centrally point-inoculating each Ef the cultures on 2% MEA plates and incubating at 2-5°C for 45 lu 2O .

's
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In all, 16 fungal and one yeast isolate were recovered
from the, samples analysed. The results obtained are depicted in Table 2. A pictorial representation is given in
Figure 2 a—h. While the plates were examined twice every
week at regular intervals of 3-5 days from the first day
of incubation, the first sign of fungal growth was visible
only after 20 days. In general, all the fungi recovered
were slow-growers. They appeared on culture plates almost simultaneously after three weeks of incubation.
Fungi belonging to genera Acremonium, Aspergillus,
Cladosporium, Fusarium and Trichoderma were represented in Antarctic soils. These are commonly known soil
CURRENT SCIENCE, VOL. 90, NO. 10, 25 MAY 2006
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Figure 3. Modification of mycelia to overcome temperature stress in psychrophiles. a, fvlycelial
cords; b, Bulbous intercalary cells; c, d, Thick-walled swollen cells; e, j, Chlamydospores.

fungi: However, they differ from their mesophilic counterparts in having unique mycelia( characters. The mycelia of most fungi recovered from the Antarctic soils were
found to be unique in that they consistently had abundant
intercalary, swollen, thick-walled cells that sometimes
formed conspicuous mycelial cords besides chlamydospores
(Figure 3 a—f). Chlamydospores in the fungi are generally
considered as dormant resting spores, a makeshift adaptation
to tide over unfavourable growth conditions. It is possible
that Antarctic fungi in general possess these features as
an adaptation to survive in extreme low temperatures that
prevail in the polar region.
Though modified subsequently by many workers, the
dilution plate count technique of Waksman 15 is one of the
widely used and accepted methods available to enumerate

culturable microorganisms in the soil. The technique is
based on the principle that complete detachment and dispersion of cells from the soil would give rise to discrete colonies when incubated on a petri plate containing nutrient
medium and further aid in the estimation of microbial
biodiversity.
Psychrophiles have unique adaptIttion in polar regions 21 .
Due to harsh climatic conditions, many fungal species are
represented as resting spores. Since polar fungi show
phenotypic plasticity, it is diffigilt to identify them using
light microscopy. Besides, they are sensitive to temperature and pH changes and also to the nature of culture media
used22. The community structure of Antarctic soil microbes
can be assessed completely by new molecular techniques
that focus on the genetic material of the organism as a means
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Table 2. Fungi isolated from soils of Schirmacher Oasis, East Antarctica
Growth rate

Fungal

species

Sample I

Acremonium sp. 1
Acremonium sp. 2
Aspergillus sp.
Cladosporium sp. I
Cladosporium sp. 2
Fusariwn sp. I
Fusarium sp. 2
Non-sporulating sp. 1
Non-sporulating sp. 2
Penicilliwn antarcticum
Torulopsis psychrophila (yeast)
Trichoderma sp.
Undetermined pycnidial taxon
Undetermined hyphomycete sp. I
Undetermined hyphomycete sp. 2
Undetermined hyphomycete sp. 3
Undetermined hyphomycete sp. 4

Sample 3

(nun/tiny)
1.044
0.844
0.711

+

0.933

+

0.377
0.8

+

+

+

+

0.311
0.177

+
+
+

of identification, so that the entire community diversity,
including unculturable organisms can be analysed and described 23 .
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Abstract -- Two newly discovered hyphomycetous fungi isolated from forest litter of
northeastern India are described in this paper. %%Walla, typified by V. indica, has solitary,
verrucose, euseptate con idia produced on monotretic conidiogenous cells borne on
srnootil, branched conidiophores. The new species, I lelicoma indicum, is distinguished
from other known species in the genus by its uniseptate conidia.
Key words — igrarathecya, Diplococcium, fungal diversity, Spadicoides, taxonomy

Introduction

Arunachal Pradesh, Assam, Mizoram and Nagaland, the northeastern Indian
States, exhibit a rich and luxuriant floristic diversity (Borges 2005). Owing to
steep altitudinal variations, the region possesses a temperate to sub-tropical
climate (Ao & Bordoloi 2004). While some data on lichen and macrofungal
diversity is available (Sati et al. 1997), not much is known on microfungal
diversity of the northeastern region.
During a recent field trip to a few localities in the region, as part of an All-India
Coordinated Project on Taxonomy of Fungi, samples of dead and decaying
twigs and leaves were gathered. Of the several fungi isolated from these litter
substrates, two new hyphomycetous taxa are described here.
Taxonomic description
Vittalia Gawas &-Ithat anam. gen. nov.
MYCO BANK MI3510706

Ad Bingos conidiales, hyphomycetes. Coloniae effusae, pallide brunnene vel brunncae,
pappim. Mycelium partim substrata immersum, partirn superficiale. Stroma absentia.
Setae et hyphopadia absentia. Conidiophora macronematica, Mononematica, Tonga,
angasta, mycclioida, curvata yel flexuosa, panicle brunnca vel brunnca, laevia vel
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verrucosa, septata, rumosa vel non-rarnosa. Cellulue conidiogenae rnonotreticae, nunquarn
cicatricetn, integrutae, terminales vel intercalare. Conidia siccu, solituria, hyaline, vel
pallide brunnea, laevia vel verrucosa, cylindricu, rotundata ad duo extrimitus, recta vel
allantoidea, euseptata.
Etymology: In honor of Prof. B.P.R. Vittal, University of Madras, India, a distinguished
mycologist, who made enormous contributions to his discipline.

Conidial fungus, hyphomycete. Colonies effuse, pale to olivaceous brown,
woolly. Mycelium partly immersed, partly superficial. Stroma none. Setae and
hyphopodia absent. Conidiophores distinct, single, long, narrow, mycelioid,

curved to flexuous, pale to olivaceous brown, smooth to verrucose, septate,
branched or unbranched. Conidiogenous cells monotretic, non-cicatrized,
integrated, terminal or intercalary. Conidia dry, solitary, hyaline to pale brown,
smooth to verrucose, cylindrical, rounded at both ends, straight to allantoid,
euseptate. Conidial secession rhexolytic.
Type species: V. indica
Vittalia indica Gawas & Bhat sp. nov.
MYCOBANK

Fig. 1, 3 9
-

MB510707

Ad fungos conidiales, hyphornycetes. Coloniue effusae, pallide brunnea vel brunnea,
pippin'. Mycelium partim substrato immersum, partini superficiale, ex hyphis septatis,
ramosis, hyalinis vel pallide brunneis, 2-3.5 p.m lat. Conidiophora macronernatica,
mononematica, longu, ungusta, mycelioida, curvuta vel flexuosu, pallide brunnea vel
brunnea, laevia, septuta, ramosu, rarnus aucto longa, 2-3 urn lat. Genuine conidiogenae
tnonotreticae, nunquam cicatricem, integrutae, terrninales ad intercalare, cylindricue, 1630 (-SO) x 2-3 pin. Conidia sicca, solitaria, hyalina, verrucosa, cylindrica, rotundata ad
duo extrimitas, allantoidea. 3-septata, 11 14 ( 19) x 3 4.5 urn.
-

-

-

HOLOTYPE — On dead leaf of unidentified tree, Tezu, Arunachal Pradesh, India, coll.
D.J. Bhat, 13.07.2006, Herb. No. HCIO 46950

Conidial fungus, hyphomycete. Colonies effuse, pale to olivaceous brown, wooly.
Mycelium partly immersed, partly superficial, composed of septate, branched,
hyaline to pale brown, 2 3.5 wn wide hyphae. Conidiophores distinct, single,
long, narrow, mycelioid, curved to flexuous, pale to olivaceous brown, smooth,
septate, branched, branches often very long, 2-3 1.t.m wide. Conidiogenous cells
monotretic, non-cicatrized, integrated, terminal or intercalary, cylindrical, 1630 (-50) x 2-3 !.t.m. Conidia dry, solitary, hyaline, verrucose, cylindrical, rounded
at both ends, allantoid, 3-septate, 11-14 (-19) x 3-4.5 tun.
-

With darkly pigmented, smooth conidiophores, integrated, non-cicatrized,
cylindrical, tretic conidiogenous cells and verrucose, euseptate conidia,
Vittalia resembles three other hyphomycetous genera: Bharatheeyq D'Souza
Bhat, Diplococciurn Grove and ,Spadicoides S. Hughes (Ellis 1971, Eicker et al.
1985, D'Souza & Bhat 2002). These differ from each other in combinations of
several distinct features as detailed in Table 1. The genus Vittalia is closer to
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Fig. 1. Vittalin indicn. Conidiophores, conidiogenous cells and conidia.

Bharatheeya in having long, slender, conidiophores and dry, solitary conidia.
It is similar to Diploco.cciurn in having terminal and intercalary conidiogenous
cells and solitary, dry, euseptate conidia. It resembles Spadicoides in having
branched conidiophores, terminal and intercalary conidiogenous cells, and
euseptate conidia. However, Vittalia is distinct from all these by monotretic
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Table 1: Comparison of characters that distinguish Vittalia from other similar genera
Conidiophores

Conidiogenous
cells

Conidia

Reference

Erect, unbranched,
septate, verrucose,
inflated at the base

Polytretic

Solitary,
distoseptate,
smooth

.D'souza and
Bhat, 2002

Diplococciurn

Erect, unbranched,
septatc, smooth

Polytretic

Catenate,
smooth,
euseptate

Ellis, 1971

Spadicoides

Erect, branched,
septate, smooth

Polytretic

Solitary,
smooth,
euseptate

Ellis, 1971

Vittalia

Flexuous, septate
branched, smooth

Monotretic

Solitary,
verrucose,
euseptate

Present
observations

Fungal genera
Bharatheeya

conidiogenous cells. A combination of characters such as branching of
conidiophores and solitary, euseptate, verrucose nature of conidia supports the
disposition of the fungus in the new genus, Vittalia, as V indica sp. nov.
Helicorna indicum Gawas & Bhat sp. nov.
MYCOBANK

Fig. 2, 10- 15

MB510703

Ad fungos conidiales, hyphotnycetes. Coloniae effusae, pallide hrunnea, velutinae.
Mycelium substrata immersum. Canidiaphora macronematica, mononernatica,fasciculata
vel synnematica, 4-13 (mean 9) coalesco, erecta, divergentibus, pallide brunnea ad apicem,
darker ad basim, laevia, 2-6 (-15) septata, non-ramosa vel ramosa, up to 200 iAm longa, 2-3
1.trn lat. Cellulae conidiogenae polyblasticae, denticulis, inlegratae, terminales, cylindricae,
14-40 x 1.5-2.5 p.m. Conidia sicca, solitaria, laevia, hyalina, helicoidea, uniseptata, in 0.50.75 spiris convoluta, 5.5- 7.5 iArn diam; filtim 3-3.5 [tin lat.

HOLOTYPE -- On dead twig of unidentified tree, Mokokchung, Nagaland, India, coll.
D.J. Bhat, 09.07.2006; Herb. No. HCIO 46952.

Conidial fungus, hyphomycete. Colonies effuse, pale brown, velvety. Mycelium
immersed. Conidiophores distinct, fasciculate to synnematous, 4-13 (mean
9) conidiophores held together, erect, divergent, pale brown towards apex,
darker at base, smooth, 2-6 (-15) septate, unbranched to branched, up to 200
p.m long, 2-3 tArn wide. Conidiogenous cells polyblastic, sympodial, denticulate,
integrated, terminal, cylindrical, 14-40 x 1.5-2.5 urn. Conidia dry, solitary,
smooth, hyaline, uniseptate, coiled 0.5-0.75 times, 5.5- 7.5 km diam; conidial
filament 3-3.511m wide.

Moore (1955) provided a generic key to the helicosporous fungi. Our. fungus is
a saprobe with conidiophores aggregated to form fascicles or loose synnemata
and simple, solitary, non-hygroscopic, two-dimensionally coiled, transversely
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Fig. 2. Helicoma indicum. Conidiophores, conidiogenous cells and conidia.

septate conidia. These characters support its placement in the genus
Helicorna-Corda, typified by H. rrzuelleri Gorda (Gorda 1837), which presently
accommodates about 50 species (Index Fungorum 2006). Pirozynski (1972)
proposed to accommodate the species of Helicorna into two groups based on
their mode of conidiogenesis. He included those with acrogenous conidia
produced on syrnpodial, denticulate conidiogenous cells in the first group
while species that produced hyaline, multiseptate, pleurogenous conidia on
tooth-like conidiogenous cells borne on setiform conidiophores in the second
• (Pirozynski 1972). Following his scheme, we propose to place our fungus in the
second group.
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Goos (1986) reviewed 32 of the then known 40 species, segregated them into
four Sections, viz. Helicoma, Atroseptatum, Violaceum and Monilipes and
provided a useful key to each of the sections in the genus. With conidia borne
acropleurogenously on conspicuous denticles, H. indicum fits well in the Sect.
Helicoma. On comparison, the fungus was found to be quite different from any
of the earlier known species, the distinct features being its uniseptate conidia
and overall dimensions (Table 2).
Table 2: Comparison of species of Helicoma belonging to Section Helicoma

Species

Conidiophore
length
(.tm)

Conidial
diameter
(Prn)

Number of
septa per
conidium

Number of
coils per
conidium

H. antbiens

up to 600

18-20

6-8

1.5-1.75

55-250

15-25

8-10

1.5-1.75

20-125

14-20

5-7

1.25-1.75

up to 470

19-22

7-8

1.25-1.5

up to 200

5.5-7.5

1

0.5-0.75

18-120

13-18

5-6

1.25-1.75

up to 200

14-21

5-8

1.5-1.75

145-335

20-27

3-8

1.25-1.5

125-300

15-20

6-8

1-1.75

up to 600

15-20

7-16

1.5-1.75

100-400

7-15

3-5

1-1.5

Morgan

H. as:pew/hector!
Linder

H. conicodentatum
Linder

H. dennisii

Ellis
H. indicant
Gawas & Bhat

H. inflatum
Linder

H. muelleri
Corda

H. narsapurense
Rao & Rao

H. recurvunt
(Pctch) Linder

H. taenia
Moore

H. taiwanensis
Matsushima

Helicoma indicum resembles the genera Trochophora. R.T. Moore and Helicomyces
Link in having two dimensionally coiled, simple_, solitary transversely septate
conidia. H. indicum however differs from the former in having fasciculate
to loosely aggregated Synnemata, hyaline conidia and unthickened conidial
septa.
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Figs. 3-9. Vittaliu indica. 3. Myceleoid conidiophores (bars= 20pm) 4-6. Monotretic conidiogenous
cells (bars= 10pm). 7-9. Allantoid 3-septate conidia (bars= 5 pm). 10-15. Helicoma indicant.
10,11. Conidiophores in fascicles with attached conidia (bars= 20 pm), 12. Polyblastic denticulate
conidiogenous cells (bar= 10 pm). 13-15. Helicoid unisepate conidia (bar= 5 pm).
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Helicoma indicum differs from the other morphologically similar genus
Helicomyces in its non-hygroscopic nature of conidia and in being thicker in
proportion to the length of the conidial filament.
Using rDNA sequence analysis of helicosporous fungi, Tsui & Barbee (2006) and
Tsui et al. (2006) inferred that this group of anamorphic fungi is polyphyletic
and that the lack of monophyly is due to the inefficiency of the traditionally
used morphological characters to delimit the genera. They said that, though
no single morphological character perfectly correlates with the clades of the
phylogenetic tree obtained during the study, a combination of characters such
as conidiophore color, conidial color and conidial ontogeny are phylogenetically
informative. They further suggested that characters such as prominence of
conidiophores, thickness of conidial filaments and hygroscopic nature of
conidia are more useful for species delimitation than for predicting higher level
relationships. This has challenged the existing taxonomic and nomenclatural
status of helicosporous fungi. In any case, until a thorough revision of the
group is made, the existing genera are considered valid. In the present setup, we
would like to accommodate our fungus as a new species in the genus Helicoma
following the morphological characters as mentioned in the generic description.
To quote Seifert & Gams (2001): 'Identification of most of the fungi is made
using morphological characters, although the age of molecular biology provides
us with molecular diagnostics. Using morphological characters, anamorph
genera can be delimited that are practical for identification purposes, and are
often (but not always) phylogenetically natural'
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