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Abstract 
 

Ten medicinal herbs commonly grown in the sacred groves Kodagu district were selected 

for the study. The district is having a number of sacred groves wherein most of the rare and 

endemic flora and fauna are conserved. Because of this reason, few common medicinal 

plants belonging to rare and endemic species grown in the sacred groves of Madikeri Taluk 

were selected for the isolation of endophytic fungi.   Isolation was done to analyse the 

colonization pattern and diversity of the endopytes  in all the three seasons..  Selected herb 

species revealed a total of 104 endophytic fungal colonies like Penicillium adametzi, P. 

aurantiogreisium, Penicillium chrysogenum, P. italicum, Cladosporium cladosporioides, 

Chaetomium globosum, Curvularia lunata, Aspergillus spp, Gliocladium roseum, 

Phyllosticta minima, and Alternaria alternate etc., There was seasonal difference with 

respect to the colonization rate of fungi among the herbs.  When all the three seasons put 

together, Colocassia esculenta showed minimum rate of fungal colonization (13.6278 %) 

and highest rate of colonization shown by Centella  asiatica        (43.9967%).  Colonization 

did not differ significantly among the medicinal herb species.  Shannon diversity index (H’) 

showed maximum diversity during rainy season   (H’=2.26) and the least diversity was 

observed in winter (H’=2.241).  
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Introduction 

Medicinal plants are nature’s gift to mankind and rich ancient heritage of India.  About 800 

plants are recognized as medicinal plants that are being used by various traditional systems of 

medicines such as ayurveda, homeo- siddha, folk, tibetan, modern unani.  (Kurian, 1995).  

Medicinal plants are reported to harbor endophytes, which in turn provide protection to their 

host from infectious agents and also provide adaptability to survive in adverse environmental 

conditions. It is therefore important to determine endophytic biodiversity of medicinal plants 

(Strobel , 2002). The diverse climatic condition in India is suitable for cultivation of medicinal 

plants. Around 70% of the medicinal plants in the country are spread across tropical forests of 

Western Ghats, the Vindhyas, the Nagpur plateaus, Aravalli and Terai region and the wide areas 

of the Himalayas and North East. The Western Ghats comprising the Brahmagiri, Talacauvery 

and Pusphagiri regions of Kodagu district are known for their flora and fauna.  Medicinal plants 

of Western Ghats of India (one of the hot spots of global biodiversity) are reported to have a 

diverse community of endophytic fungi (Raviraja 2005; Krishnamurthy et al., 2008).  

More than 100 medicinal plants are used in modern medicine.  Artemsia nilgirica, 

Andrographics paniculata, Aloe vera, Asparagus racemosus, Catharanthus roseus, 

Cinnamomum verum, Colocasia esculenta, Asclepias curassavica, Artocarpus hirsutus, 
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Allamanda cathartica, Vitex negundo, Centella asiatica, Datura metel, Ocimum sanctum, 

Mimosa pudica are commonly found medicinal plants all over India (Keshavamurthy and 

Yoganarashiman, 1990).  Foliar fungal endophytes are a fundamental but frequently over looked 

aspect of plant biology (Arnold and Lutzoni, 2007).  Further, fungi present in the healthy tissues of 

plants can promote the invasion of host plant communities with greater species diversity (Rudgers 

et al., 2005) and alter the nutrient cycle in individual plants and in ecosystems (Garcia and 

Langenheim, 1990; Lodge et al., 1996).  In addition, fungal endophytes have been recognized as a 

repository of novel compounds of immense value in agriculture, industry and medicine (Strobel 

and Daisy, 2003; Kumar et al., 2004, 2005; Schulz et al., 2002; Strobel and Daisy, 2003; Tomita, 

2003; Urairuj et al., 2003; Wildman, 2003).  Endophytes are ubiquitous and have been found in 

all the species of plants studied till date. Out of 1.5 million species of fungi expected, about 

74,000 are known and these endophytes are considered as a black box with regard to fungal 

diversity (Hawksworth, 2001).  Being mutualistic microbes, endophytes form many beneficial 

relationships by enhancing host plant fitness against insect pests, vertebrate and invertebrate 

herbivores and also various microbial pathogens with the production of various toxins and 

alkaloids. They also shape both diversity and species composition of terrestrial communities and 

some of them may reveal new forms and thus contribute to the diversity of fungi and bacteria. 

Different ecological groups of fungi such as dung fungi, saprophytes and leaf spot fungi survive as 

endophytes (Lodge, 1997).  Endophytic fungi represent an important and quantifiable 

component of fungal biodiversity and are known to affect plant community, diversity and 

structure (Sanders, 2004; Gonthier et al., 2006; Krings et al., 2007). 

 Kodagu has a very rich forest area.  The hill tracts of Kodagu are rich in flora and fauna 

(Subbaiah, 1978). The book Flora of Coorg written by Keshavamurthy and Yoganarashiman, 

1990 deals with a total number of 1,332 species spread over 717 genera and 160 families besides 

160 cultivated species. Out of this 747 taxa are found to be medicinal. About 315 are used in 

Ayurveda and about 272 in Siddha system of medicine. Endophytic fungi are one of the largely 

untapped resources that are likely to have several economically important application in future. 

Both pharmaceutical industry and plant breeders are interested on endophytes for the production 

of novel compounds with pharmacological, agricultural and industrial importance.  Hence, 

major aim of this work was to investigate qualitatively and quantitatively the biodiversity of 

endophytic fungi from the medicinal herb species occurring in the sacred groves of Madikeri 

Taluk, Kodagu district. Isolation of endophytic fungi from the plants is playing a vital role by 

which we can conserve the plant as well as fungal diversity.  Fungal endophytes, that colonize 

and live within
 
healthy plant tissues without inducing symptoms of disease (Petrini,

 
1991), 

comprise a large but little explored portion of
 
fungal diversity (Frohlich and Hyde 1999; 

Hawksworth, 2001).
  

Materials and Methods 
 
Collection of Plant Samples 

Ten medicinal herb species from different families were chosen.  Healthy and matured leaves of 

these plants were collected randomly from each plant and placed in polyethene bags, sealed and 

brought to the laboratory within 12 hrs, stored at 4
0
 C in the deep freezer until isolation 

procedures were completed (Kumar and Hyde 2004).  

Isolation of endophytic fungi: 

The endophytic fungi were isolated according to Kumaresan and Suryanarayanan, 2002. The 

collected leaf samples were washed thoroughly sterilised distilled water and cut into 1cm 

segments using sterilized scissors.   Five selected pieces were sterilized by dipping in 75% 

ethanol for 1 min, Sodium hypochlorite solution (3.25%) for 3 min, ethanol (75%) for 30 sec 

and washed thoroughly in distilled water and blotted with sterile tissue paper.  

The effectiveness of sterilization was checked by placing the sterilized leaf segments on 

the surface of the PDA medium (Schulz et al., 1993).  The absence of growth of any fungi on 

the medium after 7 days is an indication that sterilization procedure was effective in removing 

the surface fungi. 
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Incubation of leaf segments 

Surface sterilized leaf segments were then transferred to plates containing Yeast Extract Malt 

extract Agar (malt extract-2g, yeast extract-0.2g, agar-20g, dist water-1000ml) (Bills and 

Polishook, 1992) amended with 1% streptomycin to inhibit bacterial contamination.  Plates were 

incubated at 25±2°C and segments were observed once in a day for the growth of endophytic 

fungi until fungal growth appeared (Lacap et al., 2003).   
 

Identification of Endophytic Fungal Isolates 
For characterisation of the morphology of fungal isolates, slides prepared from cultures were 

stained with lactophenol blue reagent and examined under with a bright-field and phase-contrast 

microscope. Identification done based on morphological characteristics such as growth pattern, 

hyphal characters, color of colony and medium, surface texture, margin character, aerial 

mycelium, mechanism of spore production and characteristics of the spores (Barnett and Hunter, 

1972; Subramanian, 1983; Von Arx, 1981; Nagamani et al., 2006).   

 

Distribution and Seasonal Variation of Species Diversity of Fungal Endophytes 

Isolated endophytic fungi were assessed for colonization rate, total colonization frequency and 

distribution of species in different seasons using appropriate statistical packages.  
 

Colonization frequency   
Frequency of occurrence for dominant and individual endophytic fungi was calculated as total 

number of segments yielding given fungus divided by total number of segments incubated, 

multiplied by 100 (Devarajan et al., 2002). 

Data obtained were treated with appropriate statistical tests. Significance of differences 

in the frequency of colonization among the host plants and endophytes was determined by 

Scheffe’s Post hoc test. Differences in the colonization of fungi between winter, monsoon and 

summer seasons were tested by ANOVA. The data were subjected to a software program PAST 

(Hammer et al., 2001) which generates nine diversity indices.   Shannon diversity index (H0), 

Shannon evenness index (J0) and Simpson diversity index (1/D) were used for the evaluation of 

fungal species richness (Zar, 2004).  

In the present study, endophytic fungi isolated and identified from different medicinal 

herbs were found to be Alternaria alternata, Aspergillus flavus, Aspergillus niger, 

Aureobasidium pullunans, Bipolaris maydis, Cladosporium cladosporioides, Cladosporium 

herbarum, Chaetomium globosum, Colletotrichum gleosporioides, Curvularia lunata, Fusarium 

oxysporum, Botrotrichum piluliferum, Gliocladium roseum, Geosmithia lavendula, Phoma 

herbarum, Pestalatiopsis mangiferae, Phyllosticta minima, Penicillium citrinum, P. italicum, P. 

digitatum, P. chrysogenum, P. adametzi, P. aurantiogreseium, P. islandicum, P. oxalicum and 

P. decumbense.  

Some hyphomycetous forms viz., Alternaria alternata, Aspergillus niger, Aspergillus 

flavus, Fusarium oxysporum, Penicillium spp, Curvularia lunata (Blodgett et al., 2000; 

Suryanarayanan et al., 1998, 2002) were isolated as endophytes in the present study which have 

been previously reported as endophytes. Among coelomycetous fungus, Colletotrichum 

gleosporioides, Phoma exigua, Phomopsis spp, Pestalotiopsis sydowiana have been previously 

reported as endophytes (Bussanban et al., 2001; Suryanarayanan et al., 2002). Majority of the 

isolates belonged to ubiquitous genera like Alternaria, Fusarium, Phoma, Penicillium 

concurring with previous results as reviewed by Petrini (1986) who found that many endophytes 

belonged to ubiquitous taxa. Ascomycetes and their anamorphic states invariably constitute the 

endophytic populations of leaves (Petrini, 1986; Wilson, 2000). 
 

Endophytic Colonization Frequency  

Among the ten herb species, the colonization frequency (CF %) of endophytic fungi ranged 

from a minimum of (0.1773%) of Alternaria alternata to maximum of (0.3110%) of Penicillium 

aurantiogrisieum during the monsoon season.  It ranged between a minimum of (0.0443%)) in 

Chaetomium globosum and a maximum of (0.2217%) of Alternaria alternata, Aspergillus 

flavus, Fusarium oxysporum, Cladosporium cladoosporioides and Curvularia lunata during 

winter season.  Similarly, the CF (%) ranged from a minimum of (0.0443%) in Alternaria 

alternata to a maximum of (0.2217%) of Penicillium adametzi during the summer season (Table 

2). 
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Table 1: Traditional/local medicinal uses of the selected herb species. 

 

Sl. 

No. 
Host Family 

Local 

Name 
Uses 

1 

Achyranthes  

aspera Linn 

 

Amaranthaceae Uttarani 

Used in cough, asthma, bronchitis, dyspepsia, 

flatulence, painful inflammations, dropsy, 

ophthalmopathy, vomiting, leprosy, skin 

diseases,  helminthiasis, renal and vesical 

calculi, cardial disorder, anemia, vitiated 

conditions of kapha and vata and general 

debility. 

2 

Colocasia 

esculenta (Linn) 

Schott 

Aracaceae Kesu 
Leaf juice is useful in internal hemorrhages, 

otalgia, otorrhoea, adenitis and buboes. 

3 
Centella  asiatica 

(Linn.) Urban 
Apiaceae Ondelaga 

Used in vitiated conditions of pitta, insomnia, 

cardiac debility, epilepsy, hoarseness, leprosy, 

strangury and fever. 

The leaves are useful in abdominal disorders 

due to dysentery. 

4 
Eclipta alba 

(Linn.) Linn. 
Asteraceae Bhringaraja 

The plant is bitter, thermogenic, anti-

inflammatory, diuretic, used for skin diseases, 

inflammations, wounds, for blackening and 

strengthening of hairs, for stopping 

hemorrhage and fluxes and for strengthening 

of gums. 

5 
Leucas aspera 

(Willd) Link 
Lamiaceae Thumbe 

The leaves and flowers are acrid, thermogenic, 

carminative, digestive, and anthelmatic, anti-

inflammatory, antipyretic, antibacterial The 

juice of the leaves is highly recommendable as 

an eye drop in encephalopathy and is useful as 

a nasal drop in cataract and cephalangia 

6 
Ocimum sanctum 

Linn 
Labiatae Kari tulasi 

Used in bad cough, goytric disorder, ringworm 

and skin diseases. Seeds are used as antibiotic 

for snake bite and also used in urinogenital 

troubles 

7 

Phyllanthus 

amarus Schum 

and Thonn. 

Euphorbiaceae Nelanelli 

It is useful in gastopathy, dropsy, jaundices, 

diarrhea, dysentery,, intermittent fevers, 

diseases of the urino-genital systems, scabies, 

ulcers and wounds 

8 

Solanum 

xanthocarpum L. 

Schrad. & 

Wendl. 

Solanaceae chunde 
Useful for boils and scabies, sore throat, 

toothache and rheumatism. 

9 
Sida rhombifolia 

Linn 
Malvaceae Kadiraberu 

Stems are used in drematopathy Roots are 

useful in vitiated conditions of vata, diarrhea, 

tuberculosis, leucorrhoea, and burning 

sensations. 

10 
Solanum nigrum 

L., 
Solanaceae Kakkehannu 

Leaves use for rheumatic and gouty joints and 

skin diseases, berries used in fevers, eye 

disease and hydrophobia. 
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Table 2 : Total colonization frequency of the endophytic fungi in the medicinal herb species. 

 

Sl. 

No. 
Dominant Endophytic Genus 

Total colonization frequency (%) 

Monsoon  

(June-Sept) 

Winter 

(Oct-Jan) 

Summer 

(Feb-May) 

Mean 

Total 

1 Alternaria  alternata  0.1773 0.2217 0.0443 0.1478 

2 Aspergillus flavus 0.2660 0.2217 0.0887 0.01921 

3 Chaetomium globosum 0.2660 0.0443 0.1330 0.1478 

4 Curvularia  lunata 0.2217 0.2217 0.0887 0.1773 

5 Cladosporium cladosporioides 0.2217 0.2217 0.0000 0.1478 

6 Fusarium oxysporum 0.2663 0.2217 0.0887 0.1922 

7 Penicillium  chrysogenum 0.2663 0.1773 0.0887 0.1774 

8 Penicillium   adametzi 0.2660 0.2217 0.2217 0.2364 

9 Penicillium  citrinum 0.2217 0.0887 0.1330 0.1478 

10 Penicillium  aurantiogriseum 0.3110 0.2217 0.1777 0.2368 

11 Penicillium  italicum 0.2217 0.0887 0.1330 0.1478 

Data is based on the incubation of 750 segment for 10 plants/ with 3 replicates /season 

 
Colonization frequency of dominant endophytic fungi  

Among the identified cultures, species of Penicillium, Cladosporium, Chaetomium, Curvularia, 

Aureobasidium were found to be dominant in specific host. Penicillium sp., was found in more 

than one host revealing its wide range of host specificity.  

Among the herb species, the colonization frequency (CF %) of dominant endophytic 

fungi ranged from a minimum of (17.1100%) of Penicilium italicum in Solanum nigrum to a 

maximum of (43.5533%) of Penicillium chrysogenum in Centella asiatica during the monsoon 

season.  It ranged between a minimum of (14.2200%) of Penicilium italicum in Solanum nigrum 

and a maximum of (31.5533%) of Penicillium citrinum in Phyllanthus amarus during winter 

season.  Similarly, the CF (%) ranged from a minimum of (7.9967%) of Pyllosticta minima in 

Sida rhombifolia to a maximum of (18.6633%) of Penicillium chrysogenum in Centella asiatica 

during the summer season (Table. 3). The colonization frequency (CF%) of dominant 

endophytic fungi irrespective host,  was found to be higher during monsoon (29.6633%), least 

in summer (12.7747%) and moderate in winter (23.3280%), hence there is significance 

seasonally.   
Some medicinal plants harbored less number of endophytic fungi. This shows that the 

medicinal property of the plant has some role to play in the colonization of endophytic fungi. This 

low rate of colonization may be attributed to the secretion of the phyto-chemicals, since they 

contain certain antifungal and antibacterial components (Rajgopal et al., 2010).  They isolated 

Alternaria alternata,   Curvularia lunata, Fusarium oxysporum, Phoma spp., Phyllosticta spp., 

Phomopsis spp., Pestalotiopsis spp., Chaetomium indicum, Sporormiella minima, Xylaria sp, 

Chaetomium globosum,   Talaromyces sp. and sterile forms as dominant endophytic fungi in the 

medicinal herbs they studied.  Krishnamurthy et al., (2008) also isolated endophytic fungi from 

the medicinal herbs from Malnad region. 
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Table 3 : Percentage colonization frequency of dominant endophytic fungi genus in the medicinal herb 

species 

 

Sl. 

No. 
Host 

Dominant 

Endophytic Genus 

Percentage Dominance (%) 

Monsoon  

(June-Sept) 

Winter 

(Oct-Jan) 

Summer 

(Feb-May) 

Mean 

Total 

1. Aa Cladosporium cladosporioides  24.4400 19.1067 10.2200 17.9222 

2. Ca Penicillium chrysogenum 43.5533 28.8867 18.6633 30.3678 

3. Ce Colletotrichum  gleosporioides 23.9967 15.5500 8.0000 15.8489 

4. Ea Curvularia lunata 33.3300 27.5533 16.6633 25.8489 

5. La Penicillium oxalicum 40.4400 26.6633 15.1067 27.4033 

6. Os Chaetomium globosum 38.6633 29.3300 17.3300 28.4411 

7. Pa Penicillium  citrinum 35.9967 31.5533 15.1067 27.5522 

8. Sx Colletotrichum  gleosporioides 21.3300 24.8633 10.2200 18.8044 

9. Sr Pyllosticta minima 17.7733 15.5533 7.9967 13.7744 

10. Sn Penicilium italicum 17.1100 14.2200 8.4400 13.2567 

Data is based on the incubation of 75 leaf segments/season/plant with 3 replicates / season 

 

Diversity study 

Diversity measures are more useful in land ecosystem which harbor a large variety of microbial 

species in general and species diversity within the genera.  Therefore, application of species 

richness indices is very essential.  Secondly, it is necessary to apply models that describe the 

distribution of species abundance.  The diversity of community may therefore, be described by 

referring to the model, which provides the closest fit to the observed pattern of species 

abundance. In the present study, the data spreads over a period of three years (75 leaf segments / 

plant with 3 replicates / season).  To overcome such difficulties, the PAST software programme 

(Hammer et al., 2001) could be a handy tool in a calculating diversity indices. This software 

helps in determination of nine important indices which explain diversity richness, dominance 

etc.   

 
Table 4: Scheffe Post hoc test for colonization frequency of dominant endophytic fungi among the herbs 
 

Sl. 

No. 
Host Dominant Endophytic Genus 

Subset for alpha=0.05 

1 2 3 4 

1. Sn 
Penicillium italicum 

13.2567    

2. Sr 
Pyllosticta minima 

13.7744 13.7744   

3. Ce 
Colletotrichum  gleosporioides 

15.8489 15.8489 15.8489  

4. Aa 
Cladosporium cladosporioides 

17.9222 17.9222 17.9222 17.9222 

5. Sx 
Colletotrichum  gleosporioides 

18.8044 18.8044 18.8044 18.8044 

6. Ea 
Curvularia lunata 

 25.8489 25.8489 25.8489 

7. La 
Penicillium oxalicum 

  27.4033 27.4033 

8. Pa 
Penicillium  citrinum 

  27.5522 27.5522 

9. Os 
Chaetomium globosum 

   28.4411 

10. Ca 
Penicillium chrysogenum 

   30.3678 
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Diversity of Endophytic Fungi in the Medicinal Plants 

To study the diversity of the endophytic fungi isolated from the herb species, four diversity indices 

were applied.  According to the index, colonization did not differ significantly among the 

medicinal herb species.  Shannon diversity index (H’) showed maximum diversity during rainy 

season   (H’=2.26) and the least diversity was observed in winter (H’=2.241) (Table. 5)  

Maximum evenness was found in monsoon 0.9584 and least was found in winter.  According to 

Simpson’s diversity index, species abundance was high in monsoon (I/D=0.8912) and low in 

summer (0.8872).   

In the present study, it was observed from the diversity index that, the number and 

colonization rate of endophytes were more during monsoon followed by summer and the least in 

winter season.  This may be due to the fact that greater rainfall in the monsoon season could promote 

the dispersal of fungal spores.  In addition, moderate temperature would allow a higher viability of 

the fungal propagules and therefore their success in colonizing plant tissues.   
 

Table 5 : Diversity indices for endophytic colonization  in Herbs  

 

Diversity indices 
Diversity of fungi in Herbs 

Monsoon Winter Summer 

Dominance D 0.1088 0.1128 0.1123 

Simpson_1-D 0.8912 0.8872 0.8877 

Shannon _H 2.26 2.241 2.242 

Evenness_ e^H/S 0.9584 0.9405 0.9415 

 

Variation in colonization pattern of endophytic fungi strengthens the view that 

endophytic microbial populations positively correlated with various environmental factors. 

Therefore, surveys of endophytic fungal communities at different seasons of the year might 

favour a higher recovery of particular species.  
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