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Abstract 
Aerial tissues of the woody lianas- Combretum sp. was selected and assessed for study of 
endophytic fungal diversity from three forest areas of West Medinipur and Jhargram districts 
of West Bengal. In monsoon study it was observed that out of 225 various tissue segments 
,165 segments had been colonized by endophytic fungi Combretum roxburghii and  209 
endophytic isolates were isolated from them. Average colonization frequency (CF)was 73.32 
percent. Highest CF was in plant of Belpahari (76%) and in petiole (82.66%). Out of isolated 
fungal genera Pestalotiopsis sp. was highest in number. Diplodia sp., Beltrania sp., 
Chaetomium sp., Fusarium sp., Arthrinium sp. were also greater in number. Dominance index 
was highest in Belpahari (0.1547). Simpson’s diversity was maximum in Godapiasal (0.8693) 
and Shannon-Wiener index was also highest (2.152) in plant of Godapiasal. Highest diversity 
of endophytic fungi was in plants of Chilkigarh. Isolated endophytic fungi were Lasiodiplodia 
sp., Diplodia sp., Fusarium sp., Chaetomium sp., Arthrinium sp., Aspergillus sp., Pestalotiopsis 
sp. etc. Simpson’s diversity and Shannon-Wiener index were maximum in plants of 
Godapiasal. The study of antimicrobial activity of isolated fungal endophytes indicated that 
few plugs showed antimicrobial activity against few pathogenic bacteria. Among all isolates 
tested only seven showed antimicrobial activity. Aspergillus sp. and one unidentified fungi 
showed the antimicrobial activity against three bacteria i. e., Bacillus cereus, Escherechia coli 
and Vibrio cholera and maximum inhibition zone was observed against E. coli, diameter of 
inhibition zone is 1.4 cm. Other fungi showed less antimicrobial activity. Diameter of zone of 
inhibition varied (0.7 – 1.4) and this variation might be due to the difference of bioactive 
compound produced or the varied concentrations or amount degree of same compound.  
Keywords: Antimicrobial activity, endophytes, diversity, diversity index,  lianas, symbionts. 

Introduction 
    Endophytes are found in all groups of plant 
community. The term endophyte is most 
commonly used for those micro organisms 
which infect and colonize internally and here  

the tainted tissues in host plant will not show 
any instant symptoms, and will be evenly 
applied for prokaryotic bacteria as well as 
eukaryotic fungi (Banerjee, 2011). Fungal 
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endophytes in aerial tissues of host are 
culturable on synthetic media. Muscodor 
vitigenus, M. equiseti and  M. heveae were 
isolated from Hevea brasiliensis in Thailand 
(Siri-Udom et al., 2016). 
   Endophytic organisms have been exhibited 
as the key components in symbiotic 
relationships of plant hosts, influencing 
tolerance power of host to stressful 
condition. Endophytic fungi are very 
important in the biodiversity since they have 
an effect on structure and defence 
mechanism of plants and ultimately in the 
ecosystem). Arnold et al., (2000) isolated 
extremely abundant and very diverse group 
of endophytic fungi from plant tissues. 
Endophytic fungi are ubiquitous in 
distribution found within the tissues of 
plants. Ganley et al., (2004) reported that 
endophytes are the normal inhabitants of the 
plant tissues. They protect plants against 
pests (Azevedo et al., 2000) fungal pathogens 
(Arnold et al., 2003)  
    The endophytes can play important 
ecological roles in plant communities. 
Endophytic fungi can also increase drought 
resistance and enhance drought resistance 
(Malinowski et al., 2000). Many symbiotic 
endophytic fungi have been isolated from 
three plants of Lamiaceae family (Banerjee et 
al., 2009). Despite the largest diversity of 
endophytic species in tropical and subtropical 
rainforests, their biodiversity in tropical 
country is still poorly studied. Some 
researchers isolated very diverse groups of 
endophytic fungi from plant tissues (Arnold 
et al., 2001). Some fungi show higher degree 
of antimicrobial activity against few virulent 
bacteria. Various novel bioactive materials 
released from fungi are responsible for this 
inhibition of bacteria. The objectives were to: 
(i) isolate and identify the endophytic isoaltes 
determine the diversity of endophytic fungi 

and to study the antimicrobial activity of 
isolates. 

  
Materials and Methods 
Study sites 
  The study was conducted in Paschim 
Medinipur and Jhargram districts of West 
Bengal, India on the basis of canopy 
variation. Present study was done in 
monsoon (June to September, 2018). The 
districts are situated in between the latitude 
of 22°25′ to 22°57′North and longitude of 
87°11′East. The altitude is 23M above from 
the sea level. The climate is tropical, warm 
and humid with a mean temperature of 33°C 
and an average rainfall of 120cm. One woody 
lianas- Combretum roxburghii (Combre-
taceae) was selected for study of endophytic 
fungal diversity from three forest areas 
(Belpahari, Chilkigarh and Godapiasal) of 
West Medinipur and Jhargram districts, West 
Bengal. 
    Sampling procedure: Plant samples (leaves, 
stems, petioles) were collected randomly 
from mature, healthy, disease-free plants 
from each location during monsoon (June-
September). The samples immediately after 
collection were kept in zipper-lock plastic 
bags, brought to the laboratory and stored at 
4oC within 2-3 hours of collection until 
isolation procedure was accomplished. 
    Samples collected from different localities 
were thoroughly washed under running tap 
water before processing and following 
sequences were followed: leaf, petiole and 
stem samples were surface sterilized by 
sequentially dipping into 80% ethanol for 1 
minute, 1% sodium hypochlorite (NaOcl)(4% 
available chlorine) for 4 minutes, 90% 
ethanol for 20 seconds. Finally, samples were 
rinsed with sterile distilled water for 3 times, 
then allowed to surface dry under sterile 
condition. 
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    Sterile leaves were cut into pieces of about 
1 square cm size by sterile scissor and placed 
in plate of water agar (WA), 5 samples in 
each, equidistant from each other. Similarly 5 
sterile petioles of 0.5-1cm long were placed 
in another WA plate. Stem tissues were cut 
into short pieces of 4-5 cm long and after 
sequential sterilization, the outer layer was 
removed and inner tissues were peeled with 
sterile scalpel. Thin peels from various depth 
were placed on another WA plate. Thus, at 
least 5 replica plates for each sample from 
the plant of one locality were made. 
    Isolation of endophytic fungi: After placing 
the samples fungal growth was observed 
each and every day. Within 2-3 days fungal 
hyphae were in appearance. Some samples 
show more than one hyphal growth. From 
each sample fungal hypha was isolated and 
transferred to PDA media by cutting a square 
block of water agar. The plates were 
incubated in light chamber at 23oC. After 10-
15 days huge mycelial and in some cases 
reproductive growth was observed. Culture 
slants were made and preserved for 
identification at 4oC and also for further work 
in future. 
 
Identification of endophytes 
   The endophytic fungal organisms were 
studied under optical compound microscope. 
The fungal isolates were identified based on 
their cultural and reproductive characters 
using the standard identification manuals 
(Martin et al., 1997; Barnett et al., 1998; Ellis 
and Ellis, 1997; Gilman, 2001; Magurran, 
2004; Nagamani, 2006).  
 
Statistical analysis  
    The relative colonization frequency (CF%) 
was calculated as the number of sample 
segments colonized by at least a fungus 
divided by total number of segments plated 

x100 using the formula outlined by Hata and 
Futai: CF = (Ncol/Nt x100, where Ncol = 
number of segments colonized by at least a 
fungus, Nt = total number of segments 
plated. Dominant endophytes were 
calculated as percentage of colony frequency 
divided by sum of percentage of colony 
frequency of allendophytes x100. Dominant 
endophyte percentage (D) = Ni/Ns x100, 
where Ni = percentage of colony frequency 
of individual endophytes, Ns = percentage of 
colony frequency of all endophytes. Using 
Palaeontological statistics software package 
(PAST), following diversity indices were 
calculated: 
(a) Simpson’s Diversity Index (1-Dominance) 
was calculated using the formula 1-D, where 
D = ∑n(n-1)/N(N-1). Here, n = the total 
number of organisms of a particular species, 
N = the total number of organisms of all 
species. 
(b) Shannon-Wiener diversity index was 
calculated using the following formula: 
Shannon-Wiener index ( H′) = -∑s(Pi)(In Pi), 
where H′ = Symbol for the diversity in a 
sample of species or kinds, s = the number of 
species in the sample, Pi = relative 
abundance of its species or kinds and 
measured by = n/N, N = total number of 
individuals of all kinds, ni= number of 
individuals of its species, In = log to the base 
2. 
(c) Evenness was calculated using the 
following formula: Evenness (E) = H′/H′max, 
where H′max is the maximum value of 
diversity for the number of species. 
 
Agar plug diffusion assay 
    The isolated endophytic fungi from 
Combretum sp. were subjected to 
preliminary screening and then some fungi 
were assessed for antibacterial activity 
through agar plug diffusion method.  
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Test bacteria collected from Department of 
Botany, Vidyasagar University, were 
inoculated earlier in Petri dishes. Then, agar 
plugs with diameter of approximately eight 
mm were cut from the PDA plate of actively 
growing endophytic fungi and were 
transferred to the test bacteria-Escherichia 
coli (Gram positive), Bacillus cereus (Gram 
positive) and Vibrio cholerae (Gram positive). 
These plates were sealed with parafilm. The 
plates were then incubated at a temperature 
of 23oC for 2 days to enable growth of test 
microorganisms and diffusion of metabolites 
in media from fungi. After incubation, the 
diameter of the zones of inhibition was 
measured using a ruler excluding the size of 
plug. 

 
Results and Discussion 
   In the study of Combretum roxburghii, out 
of 225 various tissue segments 165 segments 
had been colonized by endophytic fungi and 
209 endophytic fungi were isolated from 
them. The endophytic fungal colonization 
may vary with different seasons and localities 
(Gond et al., 2007). Average colonization 
frequency was 73.32%. Leaf, petiole and 
stem tissues showed colonization frequency 
of 62.66, 82.66 and 74.66 percent 
respectively. Highest CF was in plant of 
Belpahari (76%) and in petiole (82.66%) of all 
localities. Out of isolated genera 
Pestalotiopsis sp. was highest in number. 
Diplodia sp., Beltrania sp., Chaetomium sp., 
Fusarium sp., Arthrinium sp., Mucor sp., 
Verticillium sp. were intermediate in number 
and are common endophytes reported many 
times by various workers (Unterseher et al., 
2007; Li et al., 2008; Ren et al., 2008).  
Maximum number of endophytes were 
isolated from plant samples of Belpahari but 
plant samples collected from Godapiasal 
possessed lowest number of endophytes. 

This difference might be due to variation of 
physical and chemical properties of soil and 
microclimate in local environment in 
different sites. Total genera in Belpahari, 
Chilkigarh and Godapiasal were 10, 12 and 10 
respectively. Dominance index was 
represented highest in Belpahari (0.1547). 
Simpson’s diversity was maximum in 
Godapiasal (0.8693) and Shannon-Wiener 
index was also highest (2.152)  in plant of 
Godapiasal. The highest diversity of 
endophytic fungi was in plants of Chilkigarh. 
Average number of isolated endophytic fungi 
was highest in plants of Belpahari. The 
isolated endophytic fungi showed their 
preference for specific tissues. Generally 
fungal endophytes maximally colonize in leaf 
tissues, Raviraja and Banerjee et al., but in 
fewer some cases there is exception to it. 
    Various diversity indices were calculated to 
find out the relationships between the 
endophytes and the host plant. Shannon-
Wiener index (2.152) and Simpson’s diversity 
index (0.8693) were maximum in Godapiasal. 
The highest species richness of isolates was in 
plant samples of Chilkigarh. Relative 
abundance of species was highest in plant 
samples of Godapiasal (Evenness 0.859).  At 
present, endophytes are supposed to be the 
principal source of novel bioactive 
compounds functional for human civilization 
(Raviraja et al., 2005). Fusarium sp., 
Taxomyces sp., Phomopsis sp., Pestalotiopsis 
sp., Muscodor sp., Colletotrichum sp. are 
some fungal endophytes reported to produce 
active bio compounds (Strobel et al., 2003; 
Gond et al., 2007).  
    Accordingly, the study of antimicrobial 
activity of isolated fungal endophytes was 
carried out. It was observed that few plugs 
showed antimicrobial activity against few 
pathogenic bacteria.  
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Table 1. Colonization frequency of endophytes in various organs of Combretum roxburghii. 

Place Total 
segments 

plated 

Segments 
infested 

with 
fungi 

Fungi 
isolated 
from the 
segments 

Colonizati
on 

frequenc
y (CF%) 

CF in 
leaf (%) 

CF in 
petiole 

(%) 

CF in 
stem 
(%) 

Belpahari 75 57 89 76.00 88 64 76 
Chilkigarh 75 55 64 73.33 52 88 80 
Godapiasal 75 53 56 70.33 48 96 68 
Total 225 165 209 73.32 62.66 82.66 74.66 

Table 2. Endophytic fungi isolated from leaf (L), petiole (P) and stem (S) segments of Combretum 
roxburghii. 

Isolated Endophytic fungi Total isolates Belpahari Chilkigarh Godapiasal 
L P S L P S L P S 

Arthrinium sp. 15 0 0 0 2 1 3 2 7 0 
Aspergillus sp. 01 0 0 0 1 0 0 0 0 0 
Beltrania sp. 24 12 0 2 2 3 1 1 0 3 
Chaetomium sp. 24 1 1 1 4 4 2 2 8 1 
Diplodia sp. 25 7 4 0 2 3 1 3 2 3 
Fusarium sp. 19 0 5 9 0 1 1 2 0 1 
Lasiodiplodia sp. 03 0 2 1 0 0 0 0 0 0 
Mucor sp. 13 0 0 3 0 0 7 1 0 2 
Mycelia 15 0 1 2 1 0 2 3 5 1 
Paecilomyces sp. 01 0 0 0 0 0 1 0 0 0 
Penicillium sp. 05 0 0 0 1 2 0 0 0 2 
Pestalotiopsis sp. 46 19 0 5 3 8 7 1 2 1 
Sordaria sp. 06 5 1 0 0 0 0 0 0 0 
Unidentified 04 0 0 0 1 0 0 0 0 3 
Verticillium sp. 08 3 4 1 0 0 0 0 0 0 
Total 209 47 18 24 17 22 25 15 24 17 

L=Leaf, P=Petiole and S=Stem 

Table 3. Diversity indices and species richness of endophytic fungi from Combretum roxburghii. 

Parameters Monsoon (June-September) 
Belpahari Chilkigarh Godapiasal 

Species richness 10 12 10 
Individuals 89 64 56 
Simpson diversity 0.8453 0.8521 0.8693 
Shannon-Wiener index 2.049 2.145 2.152 
Evenness 0.7761 0.7117 0.859 
Fisher-alpha diversity 2.891 4.36 3.544 
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Table 4. Determination of antimicrobial activity of different endophytic fungi isolated from 
Combretum roxburghii. 

Isolated endophytic 
fungi 

Diameter of inhibition zone (cm) against 3 bacteria 
Bacillus cereus Escherichia coli Vibrio cholerae 

Aspergillus sp. 1.1 1.4 1.0 
Beltrania sp. 0.5 0.3 0 
Diplodia sp. 0 0.2 0 
Lasiodiplodia sp. 0 0 0.3 
Pestalotiopsis sp. 0.4 0 0 
Unidentified 1 1.3 0.7 1.1 
Unidentified 2 1 0 0 
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 Figure 1. Graph showing comparison of colonization frequency (CF) in various organs. 

   The growth of fungi produced some crude 
bioactive compounds that diffused away 
centrifugally and inhibited the growth of 
pathogens. Among all isolates tested only 
seven showed antimicrobial activity (Table 4). 
Li et al., (2005) reported the antifungal 
activity of endophytes-Colletotrichum sp., 
Alternaria sp. and Phoma sp. Aspergillus and 
one unidentified fungi showed the 
antimicrobial activity against all three 
bacteria i.e., Bacillus cereus, Escherechia coli 
and Vibrio cholera and maximum inhibition 
zone was observed against Escherichia coli, 
diameter of inhibition zone is 1.4 cm. 
Beltrania sp. inhibited the growth of Bacillus 

cereus and Eecherichia coli. Diplodia sp. and 
Lasiodiplodia sp. retarded the growth of 
Escherichia coli and Vibrio cholerae 
respectively.  Pestalotiopsis sp. and 
unidentified 2, both suppressed the growth 
of Bacillus cereus. Mahapatra and Banerjee 
(2010) also reported antimicrobial activity of 
some endophytic fungal isolates. The degree 
of antimicrobial activity from these two 
endophytes were different. Diameter of zone 
of inhibition varied 0.7 – 1.4 cm and this 
variation might be due to the difference of 
bioactive compound produced or the varied 
concentrations or amount or degree of same 
compound. More and more newly discovered 
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bioactive compounds have immense value in 
respect of drug resistant pathogens. 

Conclusion 
   Diverse groups of endophytes were isolated 
with some unknown genera and some 
mycelia sterilia. Pestalitiopsis sp., Diplodia 
sp., Beltrania sp., Chaetomium sp., Fusarium 
sp., Arthrinium sp. are dominant among 
genera. The plant of Combretum roxburghii 
possesses maximum number of endophytes 
in Belpahari area and petiole shows highest 
colonization frequency. Among all isolates 
tested only seven showed antimicrobial 
activity Aspergillus sp. and one unidentified 
fungi showed the antimicrobial activity 
against all three bacteria and maximum 
inhibition zone was observed against 
Escherichia coli, diameter of inhibition zone is 
1.4 cm. Other fungi showed less antimicrobial 
activity. Diameter of zone of inhibition varied 
0.7 – 1.4cm and this variation might be due 
to the difference of bioactive compound 
produced or the varied concentrations or 
amount or degree of same bioactive 
compound.  

Conflict of interest 
Author declare that there is no conflict 

of interest. 

Acknowledgement 
    UGC, New Delhi, is thankfully 
acknowledged for financial assistance. 

References 
Arnold, A. E. and Herre, E. A. (2003). Canopy 

cover and leaf age affect colonization by 
tropical fungal endophytes: ecological 
pattern and process in Theobroma cacao 
(malvaceae). Mycologia. 95(3): 388-398. 

Arnold, A. E., Maynard, Z. and Gilbert, G. S. 
(2001). Fungal endophytes in 

dicotyledonous neotropical trees: patterns 
of abundance and diversity. Mycology 
Research. 105: 1502-1507. 

Arnold, A. E., Maynard, Z., Gilbert, G. S., Coley, 
P. D. and Kursar, T. A. (2000). Are tropical 
fungal endophyte  yperdiverse? Ecology 
Letters. 3: 267-274. 

Azevedo, J. L., Maccheroni, W., Pereira, J. O. 
and Araújo, W. L. (2000). Endophytic 
microorganisms: a review on insect control 
and recent advances on tropical plants. 
Electronic Journal of Biotechnology. 3: 40–
65. 

Banerjee, D. (2011). Endophytic fungal diversity 
of tropical and subtropical plants. Research 
Journal of Microbiology. 6: 54-62. 

Banerjee, D., Manna, S., Mahapatra, S. and Pati, 
B. R. (2009). Fungal endophytes in three 
medicinal plants of Lamiaceae. Acta 
Microbiologica et Immunologica 
Hungarica. 56: 243-250. 

Barnett, H. L. and Hunter, B. B. (1998). 
Illustrated genera of imperfect fungi, 4th 
Edition, APS Press, St. Paul. Minnesota, 
USA. 

Bayman, P. (2006). Diversity, scale and variation 
of endophytic fungi in leaves of tropical 
plants. In: Bailey MJ, Lilley AK, Timms-
Wilson TM, Spencer-Phillips PTN (eds). 
Microbial ecology of aerial plant surfaces. 
CABI International, Cambridge. Pp. 37–51. 

Carroll, G. C. and Carroll, F. E. (1988). Studies on 
incidence of coniferous needle endophytes 
in the specific Northwest. Canadian 
Journal of Botany. 56: 3034-3048. 

Chen, Z. M., Chen, H. P., Li, Y., Feng, T. and Liu, 
J. K. (2014). Cytochalasins from cultures of 
endophytic fungus Phoma multirostrata 
EA-12.Journal of Antibiotics. Tokyo. 68(1): 
23-6.  

Clay, K. (1998).  Fungal endophytes of grasses: a 
defensive mechanism between plants and 
fungi. Ecology. 69: 10-16. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20ZM%5BAuthor%5D&cauthor=true&cauthor_uid=24961709


Int. J. Exp. Res. Rev., Vol. 24: 1-9 (2021) 

8 

Clay, K. and Holah, J. (1999). Fungal endophyte 
symbiosis  and plant diversity in 
successional fields.  Science. 285: 1742-
1748. 

Dreyfuss, M. M. and Chapela, I. J. (1994). 
Potiential of fungi in the discovery of 
novel, low – molecular weight  
pharmaceuticals. In: The discovery of 
natural products with therapeutic 
potential. Gullo, V.P. (Eds.). Butter –worth 
Heinemann, London, United Kingdom. Pp. 
49-80. 

Ellis, M. B. and Ellis, P. J. (1997). Microfungi on 
land plants, An identification Handbook, 
New England Edition, Hardback. 

Elmi, A. A. and West, C. P. (1995). Endophyte 
infection effects on stomatal conductance, 
osmotic adjustment and drought recovery 
of tall fescue. New Phytology. 131: 61-67. 

Ganley, R. J., Brunsfeld, S. J. and Newcombe, G. 
(2004). A community of unknown 
endophytic fungi in western white pine. 
Proceedings of the National Academy of 
Science. 101: 10107-10112. 

Gilman, J. C. (2001). A Manual of Soil fungi, 2nd 
Indian Edition, Biotech Book Pvt. Ltd., 
India. 

Gond, S. K., Verma, V. C., Kumar, A., Kumar, V. 
and Kharwar, R. N. (2007). Study of 
endophytic fungal community from 
different parts of Aegle marmelos Correae 
(Rutaceae) from Varanasi (India). World 
Journal of Microbiology and Biotechnology. 
23: 1371–1375. 

Hammer, O., Harper, D. A. T. and Ryan, P. D. 
(2001). PAST: Paleontological statistics 
software package for education and data 
analysis. Paleontologica Electronica. 4: 9. 

Hata, K. and Futai, K. (1996). Variation in fungal 
endophyte populations in needles of the 
genus  Pinus. Canadian Journal of Botany. 
74: 103–114. 

Hoffman, M. T. and Arnold, A. E. (2008). 

Geographic locality and host identity shape 
fungal endophyte communities in 
cupressaceous trees. Mycological 
Research. 112: 331–344. 

Li, H., Qing, C., Zhang, Y. and Zhao, Z. (2005). 
Screening for endophytic fungi with 
antitumour and antifungal activities from 
Chinese medicinal plants. World Journal of 
Microbiology and Biotechnology. 21: 515–
1519. 

Li, L. Y., Ding, Y., Groth, I., Menzel, K. D., 
Peschel, G., Voigt, K., Deng, Z. W., Sattler, 
I., and Lin, W. H. (2008). Pyrrole and indole 
alkaloids from an endophytic Fusarium 
incarnatum (HKI00504) isolated from the 
mangrove plant Aegiceras corniculatum. 
Bioorganic Medical Chemistry. 16: 7894–
7899. 

Mahapatra, S. and Banerjee, D. (2010). Diversity 
and screening for antimicrobial activity of 
endophytic fungi from Alstonia scholaris. 
Acta microbiologica et Immunologica 
Hungarica. 57(3): 211-219. 

Malinowski, D. P., Alloush, G. A. and Belesky, D. 
P. (2000). Leaf endophyte Neotyphodium 
coenophialum modifies mineral uptake in 
tall fescue. Plant Soil. 227: 115-126. 

Nagamoni, A., Kunwar, I. K. and 
Manoharacharya, C. (2006). Handbook of 
soil fungi, I.K. International Pvt. Ltd., New 
Delhi, India. 

Petrini, O. (1986). Taxonomy of endophytic 
fungi of aerial plant tissues. In:Fokkema, N. 
J. and Vanden, H. J. (eds). Proceedings of 
Microbiology of the phylosphere, 1986, 
Cambridge University Press, Cambridge, 
UK. Pp. 175-187 

Raviraja, N. S. (2005). Fungal endophytes in five 
medicinal plant species from Kudremukh 
Range, Western Ghats of India. Journal of 
Basic Microbiology. 45: 230–235. 

Ren, Y., Strobel, G. A., Graff, J. C., Jutila, M., 
Park, S. G., Gosh, S., Teplow, D., Condron, 



Int. J. Exp. Res. Rev., Vol. 24: 1-9 (2021) 

9 

M., Pang, E., Hess, W. M., Moore, E. and 
Colutellin, A. (2008). An 
immunosuppressive peptide 
from Colletotrichum dematium. 
Microbiology. 154: 1973–1979. 

Saikkonen, K. (2007). Forest structure and 
fungal endophytes. Fungal Biology 
Reviews. 21: 67–74. 

Siri-udom, S., Suwannarach, N. and Lumyong, L. 
(2016). Existence of Muscodorvitigenus, M. 
equiseti and M. heveae Sp. Nov.In Leaves 
of the RubberTree (Hevea Brasiliensis Müll. 
Arg.), and Their Biocontrol Potential. 
Annals of Microbiology. 66(1): 437-48. 

Strobel, G. A. and Daisy, B. (2003). 
Bioprospecting for microbial endophytes 
and their natural products. Microbiology 
and Molecular Biology  Review. 67: 491–
502. 

Unterseher, M., Reiher, A., Finstermeier, K., 
Otto, P. and Morawetz, W. (2007). Species 
richness and distribution patterns of leaf 
inhabiting endophytic fungi in a temperate 
forest canopy. Mycological Progress. 6: 
201–212. 

Verstraete, B., Van-Elst, D., Steyn, H., Van wyk, 
B., Lemaire, B., Smets, E. and Dessein, S. 
(2011). Endophytic bacteria in toxic South 
African plants: identification, phylogeny 
and possible involvement in gousiekte. 
PLoS One. 6: 1-7. 

Wilson, D. (1995). Endophyte- the evolution of a 
term and clarification of its use and 
definition. Oikos. 73: 274-276. 

Wilson, D. (2000). Ecology of woody plant 
endophytes, in microbial endophytes, 
Merceldekker, New York, USA. Pp. 389-
420. 


	International Journal of Experimental Research and Review (IJERR)
	©Copyright by International Academic Publishing House (IAPH)
	ISSN: 2455-4855 (Online)                                                                          Review Article
	Received: 10th January, 2021; Accepted: 19th February, 2021; Published: 30th April, 20 21

