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Abstract 

Endophytic fungi live internally in apparently healthy and asymptomatic hosts. They are 

ubiquitous; no study has yet shown the existence of a plant species without endophytes. High 

species diversity is another characteristic of endophytic mycota. It is quite common for endophyte 

surveys to find assemblages consisting of more than 30species per host plant species.In the present 

study, 179 isolates were obtained from leaf, stem, and tissues of Adenium obesum collected from 

Virudhunagar, India. The endophytic fungi were identified based on the colony morphology and 

sporulating structures. Aspergillus sp. (28.5%), Aspergilus breviceps (30%), Colletotrichum 

gloeosporioides (23%) and Scorpulariopsis brevicalis (17%) were the most dominant species. The 

colonization frequency was higher in the winter season. Phyllosticta hymanaeae was isolated from 

leaf tissues during the summer and winter season. Aspergillus was the predominant genus isolated 

from all of leaf, stem and bark tissues of Adenium obesum. 
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Introduction 

Endophytes are microorganisms living in the internal tissues ofthe plants without causing 

any obvious symptoms (Suryanarayanan et al. 2010, Aly et al. 2011). Endophytic fungi have been 

reported from various plant species, which contribute to the diversity of microorganisms in natural 

environments (Nalini et al. 2014) and produce various bioactive compounds that play a major role 

in their inherent surroundings (Qadri et al. 2014, Tiwari et al. 2014).The term “Endophyte” was 

introduced by DeBary (1866) and was initially applied to any organism found within a plant that 

causes asymptomatic infections, entirely within plant tissues, without any symptoms of disease 

(Wilson 1995). By definition, an endophytic fungus lives in the mycelial form in association with 

living plants for at least for some time. Therefore, the minimal requirement before a fungus to be 

termed as an endophyte should be the demonstration of its hyphae in the living tissue (Kaul et al. 

2012). During the past 30 years the terms endophyte and endophytic fungi have appeared 

frequently in the mycological literature to describe the internal mycota of living plants 
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(Arivudainambi et al. 2011). Endophytic fungal isolates were found in the tissues of leaves, stem, 

bark and even in roots with mycorrhizae, symbionts and pathogens.The fungi associated with roots 

of higher plants are termed mycorrhizae (Campiet al.2015) and grow in symbiotic association with 

plants and both organisms benefit from this association (Rinaldiet al. 2008). 

Most endophytes isolated to date have been ascomycetes and their asexual morphs, however 

Rungjindamai et al. (2008) showed that several endophytes may also basidiomycetes.  Several 

studies provide evidence to support the hypothesis that saprobe host specificity in plants is 

dependent on internal endophytes, while others indicate that host components may regulate the 

endophytes (Paulus et al. 2006).There are numerous examples of endophytes that become 

pathogens (Brown et al. 1998).These pathogens sporulate when leaves senesce, or the plants are 

stressed or when the plants produce fruit that will eventually rot which is the ideal time to sporulate 

(Brown et al, 1998). Many recent studies have shown that endophytes produce an extraordinary 

array of functional metabolites (Schueffler & Anke 2011, Tejesvi & Pirttila 2011). Large numbers 

of metabolites are produced by so called “creative fungi” which include species of Acremonium, 

Aspergillus, Fusarium and Pencillium. Schulz et al. (2002) isolated around 6500 endophytic fungi 

and tested their biological potential. They analyzed 135 secondary metabolites and found that 51% 

of bioactive compounds (38% for soil isolates) isolated from endophytic fungi were new natural 

compounds. Some endophytes may become slightly pathogenic to the plant under adverse 

conditions; other endophytes are able to suppress those latent pathogens (Mahesh et al. 2005) 

Although the first discovery of endophytes already dates back to1904, this group 

ofmicroorganisms at first did not receive muchattention in the decades to follow (Freeman, 1904). 

This changed dramatically afterthe detection of paclitaxel in the endophytic fungus Taxomyces 

andreanae that was reported to be isolated from Taxus brevifolia, the latter being the original 

source of this important anti–cancer drug (Stierle et al. 1993, 1995). Medicinal plants are reported 

to harbour endophytes (Strobel 2002), which in turn provide protection to their host from 

infectiousagents and also provide adaptability to survive in adverse environmentalconditions. 

Endophytic fungi are known to have mutualistic relationsto their hosts, often protecting plants 

against herbivory, insect attack or tissue invading pathogens (Arivudainambi et al 2011). Ever since 

the discovery of the rich diversity of the endophytic fungi, their population dynamics, their role in 

improvingplant growth, plant health (Hallmann et al. 2007), their distribution in the plant, 

themetabolites they secrete and their potency to produce novelcompounds within the plants (Tan & 

Zou 2001), have formed an important aspect of many research studies. There are approximately 

300,000 plant species on earth and each individual plant is the host to one or more endophytes, and 

many of them maycolonize certain hosts (Strobel et al. 1993). The described populations of 

endophytic strains are few, which mean the opportunity to findnew strains and targeting natural 

products from endophytic microorganisms that colonize plants in different niches and ecosystemsis 

abundant. 

Medicinal plants had been used to isolate and characterize directlythe bioactive metabolites. 

However, the discovery of fungal endophytes inside these plants with capacityto produce the same 

compounds shifted the focus of new drug sources from plants to fungi. Bioactive natural products 

from endophytic fungi, isolated from different plant species, are attracting considerableattention 

from natural product chemists and biologists alike, which is clearly depicted by the steady increase 

of publications devoted to this topic during the recent years. In the present study, the diversity and 

distribution of endophytic fungal species in Adenium obesum was explored.  

 

Materials & Methods 

 

Collection of samples 

Leaf, stem, and bark samples of Adenium obesum were collected during the winter (Dec to 

Feb) and summer (Apr to Jun) from in and around the Virudhunagar, Tamil Nadu, India. The 

samples were cut, labeled and placed separately in polythene bagsafter the removal of excess 

moisture. They were transferred to the laboratory and kept in a refrigerator at 4
°
C. 
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Isolation of endophytes 

For the isolation of endophytic fungi, healthy leaves, stems and bark were washed in 

running tap water. Endophytic fungi were isolated according to the protocol of Devarajan et al. 

(2002) which was slightly modified following pilot studies. All the samples were washed twice in 

distilled water and then surface sterilized by immersion  for 1 min in 70% (v/v) ethanol, 4 min in 

sodium hypochlorite (3% (v/v) available chlorine) and 30 s in 70% (v/v) ethanol and further 

washed three times in sterilized distilled water for 1min each time. After surface sterilization, the 

samples were aseptically cut into 5–7 mm pieces and transferred to Petri-plates containing potato 

dextrose agar (PDA) with 50 μg/mL of streptomycin to suppress bacterial growth. These Petri 

plates were incubated at 30
o
C with normal daily light and dark periods. The plates were examined 

daily for up to one month for the development of fungal colonies growing out from the leaf 

segments. The fungi growing out from the leaf tissue were subsequently transferred onto fresh PDA 

plates without antibiotics.  

 

Morphological characterization and identification  

The morphological characterization of the fungal isolates were observed and described 

based on the method of Photita et al. (2004). Further identification of fungal isolates was based on 

the standard taxonomic key included colony diameter, texture, colour, morphology of hyphae and 

conidia (Hyde et al. 2000). 

 

Maintenance of endophytes 

The endophytic fungal isolates were transferred separately to slants and accessioned 

accordingly depending upon the plant and plant parts from which they have been isolated. Finally 

the endophytic fungal isolates were maintained at 4
o
C. 

 

Statistical Analysis: 
The percentage of Colonization frequency (%), Periodicity of occurrence, Relative 

percentage occurrence (%), Simpson and Shannon Diversity indices were calculated based on the 

standard methods. 
 

Colonization frequency (CF %) 

The colonization frequency (CF %) of a single endophytic fungal species in the leaf 

segments were calculated by using the following formula (Suryanarayanan et al. 2003). 

 

Number of segments colonized by fungi 

 CF (%) = –––––––––––––––––––––––––––––––––––––––––––––––×100 

   Total number of segments observed 

 

Relative percentage occurrence (RPO %) of each group of fungi 

Relative percentage of occurrence (RPO%) of different group of fungi viz., ascomycetes, 

coelomycetes, hypomycetes, xylariaceous and other fungi were calculated using the following 

formula (Lakshman et al. 2013). 

 

                        Density of colonization of one fungal organism 

RPO (%) =     –––––––––––––––––––––––––––––––––––––––   ×100 

                        Total density of colonization of all fungal groups 

 

Species diversity  

Shannon diversity index (H’), Shannon evenness index (J’) and Simpson diversity index 

(1/D) were used for theevaluation of fungal species richness (Brower 2004). 

 

Shannon–Wiener diversity 
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 Shannon–wiener diversity index was calculated using the following formula: 

sHs=    Ʃ (Pi) (In Pi), 

                i=1 
Where 

Hs=symbol for the diversity in a sample of S species or Kinds, S–the number of species in the, 

sample Pi–relative abundance of i
th

 species or kinds measures, =n/N, N–total number of individuals 

of all kinds, n1–number of individuals of i
th

 species, 1n–log to base 2 
 

Simpson’s Diversity 

Simpson’s index of diversity was calculated using the formula 

D = 1– ∑n (n–1)  

 N (N–1) 
 

Results  

A total of 179 isolates were obtained from two-hundred and ten segments of plant parts viz., 

leaf, stem, bark of A. obesum (Figs. 1 & 2). In the winter, 13 species belonging to 12 genera (6 

hypomycetes and 6 coelomycetes)  and two non sporulating sterile morphospecies were recovered 

from the leaves, stem, and bark tissues. In leaves, endophytic fungal colonization was dominated by 

Aspergillus sp. 2 (28.5%), Colletotrichum gloeosporioides (22.9%) and Scopulariopsis brevicalis 

(17.1%), whereas Alternaria brassicola and Colletotrichum dematum showed low percentage of 

colonization. In stems, endophytic fungal colonization was dominated by Aspergillus brevipes 

(17.1%), Aspergillussp.2 (20%), whereas Colletotrichum dematum, Colletotrichum gloeosporioides 

and Sterile Form2 showed minimum percentage of colonization frequency. In bark Aspergillus 

brevipes (11.4%) and Aspergillus sp.2 (14.3%) showed maximum colonization frequency. In the 

summer, 12 species of fungi belonging to 12 genera (six hypomycetes and four coelomycetes) and 

a single non sporulating sterile morpho species were recovered from the leaves, stem, and bark 

tissues. In leaves, Aspergillus brevipes, Aspergillus sp.2 and Colletotrichum gloeosporioides 

showed maximum percentage of colonization frequency, while Alternaria brassicola and 

Phyllosticta hymanaeae showed minimum percentage of colonization. In stems, endophytic fungal 

colonization was dominated by Aspergillus brevipes, Nigrospora sphaerica and Colletotrichum 

gloeosporioides (20%, 14.3% and 11.4% respectively). 

Alternaria brassicola and sterile form 2 showed minimum percentage of colony frequency. 

In bark Aspergillus brevipes (17.1) showed maximum colonization frequency, whereas Nigrospora 

sphaerica, Colletotrichum gloeosporioides and Phyllosticta hymanaeae showed minimum 

colonization frequency (Table 1). 

Number in parentheses designates the exact number of samplings in which the respective 

fungus was recorded. 

Compared to summer (245), a great number of fungal isolates (274) were obtained from the leaves, 

stem and bark tissues of A. obesum in the winter season. A total of 14 species were isolated from 

the leaves of A. obesum from summer and winter season. Alternaria brassicola, Aspergillus 

brevipes, Aspergillus sp. 2, Colletotrichum dematium, C. falcatum, C. gloeosporioides, Curvularia 

lunata, Phyllosticta hymanaeae and Scopulariopsis brevicalis, were recorded as most common 

species in leaves and occurred in two samples. Chaetomium sp. 1 and Nigrospora sphaerica were 

recorded as occasional and occurred in only one sample. In stems, Alternaria brassicola, 

Aspergillus brevipes, Aspergillus sp. 2, Colletotrichum falcatum, C. gloeosporioides, Nigrospora 

sphaerica and Sterile Form 2 were recorded as most common and occurred in two samples. 

Chaetomium sp.1, Scopulariopsis brevicalis, Colletotrichum dematium and Phyllosticta hymanaeae 

were recorded as occasional and occurred in only one sample. In bark Aspergillus brevipes, 

Aspergillus sp.2, Nigrospora sphaerica, Colletotrichum falcatum and C. gloeosporioides were 

recorded as most common and occurred in two samples Chaetomium sp. 1, Alternaria brassicola, 

Curvularia lunata, Colletotrichum dematium, Phyllosticta hymanaeae, and Sterile Form 1 were 

recorded as occasional and occurred in only one sampling. Isolates of Chaetomium sp.1isolates 
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were observed only in summer season. Phomasp.1 and sterile Form1were isolated as endophyte 

only from during winter season (Table 2). 

Table 1 Colonization frequency (CF %) and relative percentage occurrence (RPO %) of fungal 

endophytes isolated from the leaves, stem and bark of Adenium obesum 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
L –Leaves, S –Stemand B – Bark 

 

Table 2 Periodicity of occurrence of endophytic fungi recorded from leaf, stem and bark of 

Adenium obesum during summer and winter  

 

Leaf Stem Bark 

   

Most Common: 51–100% 

Alternaria brassicola (2) 

Aspergillu sbrevipes (2) 

Aspergillus sp. 2 (2) 

Curvularia lunata (2) 

Scopulariopsis brevicalis (2) 

Colletotrichum dematum (2) 

Colletotrichum falcatum (2) 

Colletotrichum gloeosporioides(2) 

Phyllosticta hymanaeae (2) 

Most Common: 51–100% 

Alternariabrassicola (2) 

Aspergillusbrevipes (2) 

Aspergillus sp. 2 (2) 

Nigrospora spherica (2) 

Colletotrichum falcatum (2) 

Colletotrichum gloeosporioides (2) 

Sterile Form 2 (2) 

 

Most Common: 51–100% 

Aspergillus brevipes (2) 

Aspergillus sp. 2 (2) 

Nigrospora sphaerica (2) 

Colletotrichumfalcatum (2) 

Colletotrichum gloeosporioides (2) 

 

 

Occasional 1–50% 

Chaetomium sp 1 

Nigrospora sphaerica (1) 

 

Occasional 1–50% 

Chaetomium sp (1) 

Scopulariopsis brevicalis (1) 

Colletotrichum dematum (1) 

Phyllosticta hymanaeae (1) 

 

Occasional 1–50% 

Chaetomium spp. (1) 

Alternaria brassicola(1) 

Curvularia lunata (1) 

Colletotrichum dematum (1) 

Phyllosticta hymanaeae (1) 

Sterile Form 1 (1) 

 

 

 

 

 

Endophytic fungi 

 

Winter 

 

Summer 

 

CF (%) 

 

RPO 

(%) 

 

CF (%) 

 

RPO 

(%) L S B L S B 

1.  Chaetomiumsp.1 0 0 0 – 5.7 2.8 8.6 8.3 

2.  
Hypomycetes 

Alternaria brassicola 

 

2.8 

 

5.7 

 

0 

 

 

 

46.1 

 

 

 

 

 

 

5.7 

 

2.8 

 

5.7 

 

 

 

50 

 

 

 

3.  
 

Aspergillus brevipes 

 

8.6 

 

17.1 

 

11.4 

 

22.9 

 

20 

 

17.1 

4.  Aspergillus sp.2  28.6 20 14.3 25.7 5.7 0 

5.  Curvularialunata 5.7 0 2.8 2.8 0 0 

6.  Nigrospora sphaerica 11.4 0 5.7 0 14.3 2.8 

7.  
Scopulariopsis brevicalis 17.1 11.4 0 11.4 8.6 0 

8.  
Coelomycetes 

Colletotrichum dematum 

 

5.7 

 

5.7 

 

0 

 

 

38.5 

 

5.7 

 

0 

 

5.7 

 

 

33.3 9.  Colletotrichum falcatum 8.6 8.6 5.7 8.6 5.7    5.7 

10.  Colletotrichum gloeosporioides 22.9 5.7 8.6 17.1 11.4 2.8 

11.  Phyllosticta hymanaeae 14.3 0 0 2.8 5.7 2.8 

12.  Phomasp.1 0 8.6 0 0 0 0 

13.  Sterile Form 1 8.6 0 2.8  

15.4 

0 0 0 8.3 

14.  Sterile Form 2 0 5.7 0 0 2.8 5.7 

Total (CF %) 134.3 88.5 51.3  108.4 79.8 57  
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The RPO (%) of hyphomycetes, coelomycetes and sterile morphospecies were 46.1%, 

38.5%, and 15.4% respectively in winter season. The RPO of Hhyphomycetes (50%) was found to 

be maximum followed by coelomycetes (33.3%) and ascomycetes (8.3) and sterile morphospecies 

(3.3%) in summer season.  

The Shannon and Simpson diversity indices of endophytic fungi of leaf stem and bark of 

Adenium obesum during winter season showed that the fungal diversity (0.79 & 0.89) in leaves has 

the high diversity indices. In summer season, the stem showed maximum diversity indices (0.89) 

and the leaves and bark showed minimum diversity indices (Table 3).  

 

Table 3 Diversity indices of endophytic fungi associated with leaf, stem, and bark tissues of 

Adenium obesum. 

 

Diversity Indices 
Summer Season Winter season 

L S B L S B 

       

Shannon diversity 0.77 0.75 0.75 0.79 0.75 0.65 

Simpson Diversity 0.87 0.89 0.88 0.89 0.89 0.86 

Invert Simpson Diversity 7.69 9.09 8.3 9.09 9.09 7.14 

 

L–Leaf, S– Stem, B– Bark. 
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Fig. 1 – Distribution of endophytic fungi in A.obesum in summer season. 
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Fig.  2 – Distribution of endophytic fungi in A. obesum in winter season 
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Discussion 

As tropical and subtropical climates harbour most of the worlds plant diversity, so 

endophytic diversity in this climatic zone is also higher as almost all vascular plant species 

examined to date are found to possess endophytic bacteria and fungi (Firakovaet al. 2007). Plant 

colonization by endophytes may offer significant host benefits, improving ecological adaptability 

by enhancing tolerance to environmental stress (Khan et al. 2011, Stępniewska & Kuźniar 

2013).Moreover it was observed that the distribution of endophytic fungi varied in different plant 

parts. More number of fungal colonies were observed in leaf (134) than the stem (89) and bark (51) 

when compared with summer season. In summer season the endophytic fungal colonies was more 

in the leaf (108) than the stem (80) and bark (57) (Fig. 1&2 ). So relatively, the colonization of 

endophytic fungi was highest in the  leaf when compared to stem and bark. Leaves, petiole, stem 

and roots of a single plant often differ greatly in the dominant members of their endophytic 

communities (Chaverri et al.2010, Gazis et al. 2010), One of the possible reason for the differences 

in the colonization rates between plants is the structure and substrate which influence the 

colonization and distribution of endophytic fungi (Okane et al.1997). Similarly, Kumar & Hyde 

(2004) also  stated that the over all colonization rate in the leaves was found to be significantly 

higher than those in root, stem and petiole. Similarly, Roland et al. (2015) studied diversity of 

fungal endophytes Marchantia polymorpha populations from Baguio City, Philippines, Bijaya 

Kumar Nayak, (2015) isolated phylloplane and endophytic fungi from one ornamental plant, 

Mangifera indica, Martin & Dombrowski (2015) isolated fungal Endophytes from grasses. Moreover, 

Thalavai pandian et al. (2011) isolated 270 fungal isolates were isolated from leaf, bark and stem 

tissues of gymnosperm plant.  In contrast, Sunayana et al. (2014) reported higher number 

endophytic colonization were found in twig than the leaf segments.  

 Endophytic fungi of medicinally important host are the least investigated group of 

microorganisms which represent the untapped tool of bioactive and novel chemical compounds and 

could be exploited in agriculture, Pharmaceutical and neutraceutical industries in future. More 

discoveries of endophytes and their products from this field hold exciting promise, that is amply 

supported by the identification of wide variety of endophytic fungi. Hence, more studies on these 

groups of organisms are required to understand fungal biology, ecology and the mycologist will 

have the opportunity to gain more insight into the diversity of the fungal kingdom. 
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