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Abstract
The present paper deals with the endophytic fungi of Litsea glutinosa, a medicinal plant highly valued 
in Ayurvedic system. A total of 21 fungal endophytes were extracted from different parts of the plant. 
The following eight species viz, Aspergillus oryzae, A. terreus, Curvularia sp, Fusarium oxysporum, 
Gliocladium solani, Penicillium citrinum, Trichoderma viride and Verticillium dahliae were selected for 
testing the production of secondary metabolites including hydrolytic enzymes. All the eight endophytic 
fungal species produced amylase, cellulase, protease and lipase. Except for Curvularia species, others 
did not elaborate laccase. All the test fungi produced antibacterial and antifungal metabolites; however, 
the crude extracts exhibited poor antimicrobial activity. The present endophytic fungi also produced 
IAA, ammonia and phosphate solubilizing substances. They were also capable to produce IAA with or 
without adding the tryptophan. An affect was also made to assess the influence of crude extracts on 
the root growth of maize seedlings. These studies revealed the enhancement effect of extracts on root 
growth. Based on these observations, discussions and conclusions were made. 
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iNtRODUCtiON
 Endophytic fungi means the fungi 
grow within the plant tissues without causing 
any damage to their host for at least a part of 
their life cycle1. “They colonize internal plant 
tissues of healthy leaves, stem, bark, root, fruit, 
flower and seeds. The relationship between the 
endophyte and its host plant may range from 
latent pathogenesis to symbiosis2”. Endophytic 
fungi are mostly affiliated to ascomycetes and 
anamomorphic fungi3.
 Endophytes colonize all most all plants, 
but the choice of the host plant colonized depends 
on fungal species. Many medicinal plants are 
reported as harbour endophytes4. Endophytes 
from medicinal plants posses the ability to 
protect their host from pathogens and also confer 
tolerance against various difficult conditions by 
secretion of bioactive compounds. An endophyte 
can produce many bioactive metabolites. The 
production of various natural products by the 
endophytes with greater bioactivity has received 
notable attention5. Bioactive metabolites of 
endophytes have important applications in 
medicine, agriculture and industries6. So many 
antifungal and antibacterial compounds have 
been extracted from endophytic fungi7. These 
metabolites have different structures like alkaloids, 
benzopyramones, chinones, flavonoids, phenolic 
acids, quinines, terpenoids, tetralones and 
xanthones8. The bioactive secondary metabolites 
show several biological properties as anticancer, 
antimicrobial, antioxidant, immunomodulators 
and anti-inflammatory etc. As a result, the 
researchers are showing greater interest on fungal 
endophytes from medicinal plants to find out novel 
compounds.
 Fungal endophytes also can produce 
various extracellular enzymes like amylase, 
cellulase, lipase, protease and laccase etc.  
Enzymes produced from the endophytes act as 
efficient biocatalysts for industrial applications9 
and they play a significant role in protecting the 
host plant in many ways. The fungal endophytes 
may enhance plant growth.  For example by the 
ammonia production and phytoharmones like 
indole – 3 – acetic acid (IAA)10 which helps in cell 
differentiation and cell elongation in plants and by 
the phosphate solubilization.  
 Litsea glutinosa (Lour.) C.B.Rob (Family: 

Lauraceae). A traditional medicinal plant, (fig: 
1) contains high valued therapeutic properties. 
Since ancient days, Indian people use the bark and 
leaves of the tree in the form of decoctions to cure 
diarrhea and dysentery11. This plant may host a rich 
diversity of endophytes, with potentials to produce 
bioactive compounds with biotechnological 
interest. However, existence and role of fungal 
endophytes of L.glutinosa are not yet explored.  
The main aim of the present study was isolation 
and identification of fungal endophytes from 
L.glutinosa, to assess extracellular enzymes and 
antimicrobial compounds, and also to assay the 
ability of ammonia production, solubilization of 
phosphate and IAA production from the selected 
fungal endophytes.  

MATERIAL AND METHODS
Sample collection
 Fungal endophytes were isolated from 
various parts of the L.glutinosa, growing in 
different forest regions (Table 1) of Warangal 
district, Telangana state, India. Healthy and mature 
plants were carefully chosen for sampling. The 
plant parts viz., roots, leaves and stems were 
collected (In sterile polythene bags) and brought 
to the laboratory then processed within 24- 48 
hours for isolation of fungal endophytes.
Isolation of fungal endophytes
 Fungal endophytes were isolated by using 
the methods which were employed by Petrini 
(1986)12 and Hallman et al. (2007)13. After the 
sample collection, the plant samples were washed 
with tap water and then trimming was made 
with sterile scalpel under sterilized conditions14. 
Samples were surface sterilized with 70% alcohol 
for 1 minute and with sodium hypochlorite (NaOCl) 
or mercuric chloride (HgCl2) for 30 seconds. 
 Then samples were cleaned with double 
sterile distilled water for 1 minute then allowed 
to dry on filter paper. After complete drying, 4 
segments were inoculated on potato dextrose agar 
(PDA) plates supplemented with streptomycin and 
incubated at 27 ± 2 ̊ C for 5 to 7 days. Pure cultures 
isolated from the segments were sub cultured 
time to time on PDA slants then stored at 4˚C with 
proper labeling.
Identification of fungal endophytes
 From the well grown fungal cultures, 
microscopic slides were made by using lactophenol 



  www.microbiologyjournal.org2319Journal of Pure and Applied Microbiology

Madasi et al. | J Pure Appl Microbiol | 15(4):2317-2328 | December 2021 | https://doi.org/10.22207/JPAM.15.4.56

cotton blue and then examined under the 
light and fluorescent microscopes to take the 
microphotographs for the identification. By 
analyzing the colony morphology, surface texture, 
pigmentation and spore morphology and by using 
standard manuals, the endophytic fungi were 
identified up to species level15. 
Extracellular enzyme production 
 The production of enzymes by endophytic 
fungi was qualitatively assayed by using Hankin 
and Anagnostakis method (1975)16. The role of 
extracellular enzymes by endophytic fungi was 
examined by placing 5mm mycelia plugs on 
PDA and incubating at 25ºC for one week. After 
incubation period at room temperature, the 
zone arround the fungal colony was measured 
as enzyme activity. All assays were analysed in 
triplicate.
 The fungi were grown on GYP agar medium 
( glucose – 1g, yeast extract – 0.1 g, peptone – 0.5g, 
agar – 16g, distilled water- IL) along with 0.2% 
soluble starch . After incubation period, the plates 
with fungal colonies were loaded with 1% iodine 

in 2% KI. The clear zone surrounded by the fungal 
colony was taken as positive for enzyme activity 
of amylase. In cellulase activity, the fungi were 
grown on GYP agar medium with 0.5% Carboxy 
Methyl Cellulose. When incubation completes and 
fungal growth takes place then the plates were 
loaded with 0.2% Congo red and removed excess 
stain with 1M NaCl for 15 minutes. Yellow colour 
appearance around the fungal colony or media 
turns to red colour indicates positive cellulase 
activity. Whereas in lipase activity, the fungi were 
grown on peptone agar medium (peptone – 10g, 
NaCl – 5g, CaCl2.2H2O – 0.1g, agar – 16g, distilled 
water – 1L; pH-6.0)  along with sterilized 1% 
Tween 20 separately added to the medium. After 
incubation, a precipitate or a clear zone around 
the fungal colony indicates the positive lipase 
activity. In proteolytic activity, the fungi were 
grown on GYP agar medium supplemented with 
0.4% gelatin was used. Separately sterilized 8% 
gelatin solution in water was added to the medium 
@ 5ml per 100ml. After the incubation period, 
plates were sprayed with aqueous ammonium 

Table 1. Geographical characters of sample collection locations

Location       Geographical Altitude  Average rain fall  Average temp.
       co ordinates
 

 N  E    

Pakal wild life sanctuary 17˚57ˈ 7959ˈ 225 m 500 – 1225 mm 15 to 42˚C
Eturunagaram wild life sanctuary  18.341˚ 80.33˚ 63-139 m 800 – 1000 mm 20 to 43˚C
Erragattu hills, Hasanparthy  18.0072˚ 79.5584˚ 2725 m 217 – 744 mm 35 to 47˚C

Fig. 1. Litsea glutinosa.
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sulphate. The unaborbed gelatin will precipitate 
with ammonium sulphate and absorbed area 
around the fungal colony appears as a clear zone 
indicates the positive activity of protease. In the 
laccase activity, the fungi were grown on GYP Agar 
medium supplemented with 0.05g   1 – naphthol 
L-1, was used. After the incubation period, the 
colourless medium turns in to blue colour by the 
oxidation of 1 – naphthol which indicates the 
positive enzyme activity of laccase.
Assay of anti microbial activity  
Fungal crude extraction
 Fungal crude extract was prepared using 
the protocol of Radji et al. (2011)17. The selected 
isolates of fungal endophytes were inoculated in 
potato dextrose broth (PDB) and incubated at 27±℃ 
for 21 days with intermittent shaking. The fungal 
broth culture was filtered with whatman no. 1 filter 
paper for a clear filtrate and mycelia and processed 
for the extraction.  Supernatant was extracted with 
equal volume of organic solvent (chloroform) and 
the extracts were evaporated with the help of 
rotary evaporator.  
Antimicrobial assay
 Antimicrobial activities of selected 
fungal crude extracts  were done  by the agar 
well diffusion method. The selected pathogenic 
bacteria and pathogenic fungus were as follows:  
Staphylococcus aureus, Micrococcus luteus (Gram 
positive), Klebsiella pneumonia, Salmonella typhi 
(Gram negative) and a fungus Candida albicans. All 
theses strains were obtained from the Department 
of Microbiology Kakatiya University, Warangal, 
maintained on Sabouraud dextrose agar medium 
(fungi), nutrient agar medium (Bacteria) and 
stored at 4°C.
 Bacterial suspensions were standardized 
to contain approximately 1.5 ×108 CFU /ML. 
The bacteria were inoculated on surface of the 
nutrient agar medium and fungus was inoculated 
on Sabouraud dextrose agar medium. The dried 
crude extract from the solvent (chloroform) of 8 
different fungal species were dissolved with DMSO 
and used to assess the antimicrobial activity18. 
5 mm diameter wells were made with sterile cork 
borer in the test media and filled with 20 μl of 
endophytic fungal extract. Positive controls are 
filled with penicillin, streptomycin, for gram +ve, 
gram –ve bacteria and ketoconazol for Candida 
albicans respectively, and DMSO (without fungal 

extract) was used as negative control. The plates 
were placed at 4˚C for 4 hrs and then incubated at 
35 ± 2˚C and 28 ± 2˚C for 24 hrs for bacteria and 
fungi respectively. 
Phosphate solubilization
 Selected fungal spores were inoculated 
on Pikovskaya’s agar medium and inoculated at 
28˚C for proper growth of the hyphae. Phosphate 
solubilization was assessed by the clear zones 
around the colonies19.
Ammonia production
 The production of ammonia by fungal 
endophytes was assessed by using the Singh 
et al. (2014) method20. Selected fungal isolates 
were grown at 28˚C for 72 hrs in peptone water. 
To determine the ammonia production 1ml of 
Nessler’s reagent was added to the peptone 
broth which contains fungal strains. The change of 
intensity of colour in to light yellow (minimum) or 
deep yellow (maximum) indicates the production 
of ammonia.
IAA production
 For the production of IAA, the isolated 
strains were screened by subjecting the culture 
filtrate to calorimetric assay by using Salkowski 
reagent (300 ml H2SO4, 500 ml distilled water; 
15 ml 0.5 M FeCl3)

21. Selected fungal isolates 
were grown in 20 ml Czapek Dox (CD) broth 
supplemented with (1mg) or without tryptophan 
for 10 days at 25˚C. After incubation, at 4˚C  the 
culture filtrates were centrifuged at 6000 rpm for 
10 min. To determine the IAA production, 1ml of 
supernatant added with 2 ml Salkowski reagent, 
then incubated in the dark for 30 minutes. Pink 
colour development indicates the production of 
IAA and its optical density values was measured 
at 530 nm with spectrophotometer. Amounts of 
IAA production by the selected fungal endophytes 
were estimated with the help of plotting standard 
IAA graph22.
Effect of endophytic fungi on root growth 
 “The impact of endophytic fungal 
inoculations on root growth was carried out 
on maize (Zea mays L.) seedlings. The maize 
seeds were surface sterilized with 2.5% sodium 
hypochlorite for 3 min and then they were washed 
with double sterile distilled water for 5 times. The 
selected strains were inoculated in CD broth for 5 
days at 28±2ºC. Sterilized seeds were incubated 
in 50 ml of each fungal strain broth medium at 



  www.microbiologyjournal.org2321Journal of Pure and Applied Microbiology

Madasi et al. | J Pure Appl Microbiol | 15(4):2317-2328 | December 2021 | https://doi.org/10.22207/JPAM.15.4.56

room temperature for one day. The CD broth 
which has no fungal strain used as control. After 
incubation period, the soaked seeds transferred 
on to sterilized petri dishes, which containing wet 
filter papers and incubated for 5 days at room 
temperature in dark and measured growth of the 
root23”.     
 All the results were analyzed statistically 
along with ANOVA and DMRT.

ResUlts   
Isolation and identification of fungal endophytes 
 In the present study we isolated the 
endophytes from the aerial parts of the host plant 
(Table2). A total of 21 fungal endophytes were 
isolated from 60 plant segments of L.glutinosa. 
Among them, eight fungal endophytes were 
selected based on preliminary screenings of 
the present study. Based on morphological and 
photomicrographic features (fig: 2 and 3), they 
were identified as Aspergillus oryzae, A. terreus, 
Curvularia sp, Fusarium oxysporum, Gliocladium 
solani, Penicillium citrinum, Trichoderma viride 
and Verticillium dahliae.
Enzymatic activity
 A critical perusal of the tables 3 and fig 
4 reveals that, out of eight selected endophytic 
fungal species, seven fungal species showed 
significant enzymatic activity, where as one 
endophytic fungus, Verticillium dahliae did not 
show any enzyme activity. According to ANOVA 
analysis and DMRT the highest enzymatic activity 
was shown by Trichoderma viride (19.333) with 
lipase and lowest activity shown by Penicillium 
citrinum (7.333) and Gliocladium solani (7.333) 
for amylase and protease respectively. The 
production of amylase was maximum in Aspergillus 
terreus (11.667) and lowest was recorded in 

Penicillium citrinum (7.333). Trichoderma viride, 
Fusarium oxysporum, Verticillium dahliae were 
negative for amylase production. Cellulase activity 
was maximum in Trichoderma viride (18.667) 
compared to other endophytic fungi and least 
amount of cellulase was recorded for Fusarium 
oxysporum (7.667). Among all tested endophytic 
fungal strains, Aspergillus oryzae and Curvularia 
sp (10.667) showed highest protease production 
and lowest was recorded in Gliocladium solani 
(7.333). The remaining strains did not produce 
protease. Lipolytic activity of Trichoderma viride 
(19.333) was highest in comparison with other 
endophytic strains and least amount of lipase was 
recorded for Aspergillus terreus (8.667). None 
of the test endophytic fungi tested positive for 
laccase production.
Antimicrobial activity
 In this activity eight endophytic species 
were tested against bacteria and fungi and results 
are presented in table 4 and fig 5. It is evident from 
the table that all the eight fungal species tested 
for antimicrobial activity. When compared to the 
positive control there is no remarkable effect of 
fungal crude extract on pathogenic organisms. 
Among the all strains high inhibition zone 
appeared in Fusarium oxysporum (27.333 mm) 
against Staphylococcus aureus and low inhibition 
zone was recorded in Aspergillus oryzae (0.750 
mm) against Micrococcus luteus, but Verticillium 
dahliae did not show inhibition zone against 
microbes tested (Table 3). The antimicrobial 
activity results were compared with control by 
ANOVA (DMRT) by degree of freedom (df) all the 
parameters showed the significance and none of 
the strains were not significant.
 Results pertaining to production of IAA 
by endophytic species are presented in table 5.  

Table 2. Part wise isolation of endophytic fungi from the host plant

No. Code Plant part Endophytic fungi isolated

01 EFLL 105 Leaves Aspergillus terrieus
02 EFLS 94 Stem Aspergillus oryzae
03 EFLR 36 Roots Trichoderma viridae
04 EFLL 156 Leaves Gliocladium solani
05 EFLR 92 Roots Curvularia sp.
06 EFLB 52 Bark Penicillium citrinum
07  EFLR 83 Roots Fusarium oxysporum
08 EFLL 75 Leaves Verticillium dahlia
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The fungal broth supplemented with tryptophan 
supported high amount of IAA when compared 
to fungal broth without tryptophan in all fungal 
species. In presence of tryptophan, the high 
amount of IAA was produced by Trichoderma 
viride (70.333) and the least amount of IAA by 
Penicillium citrinum (41.333). The high amount of 
IAA was produced by Trichoderma viride (63.667) 
and the least amount was recorded for Penicillium 
citrinum (33.667) in the absence of tryptophan.
 From the results presented in table 6, it is 
clear that all the test endophytic fungi were able 
to produce ammonia. However, there is a variation 
among test fungi. Similarly, except V. dahlia, all the 
remaining test fungi elaborated the phosphate 
solubilizing enzymes. It points out the fact that 
these fungi are important for plant in mobilizing 
the phosphates.
 All the eight fungi under investigation 
were tested for their efficiency of enhancing the 

root growth and the results are presented in fig 6 
and 7. A critical analysis of the fig 7 reveals that all 
the endophytic fungal inoculations enhanced root 
growth more than the control. It may be due to 
the production of ammonia and IAA. Trichoderma 
viride inoculations showed maximum root growth 
followed by Penicillium citrinum, Fusarium 
oxysporum and Gliocladium solani.  Least root 
growth enhancement was shown by Verticillium 
dahliae.

DisCUssiON
 Repeated appearance and isolation of a 
particular fungal strain from the same plant /plant 
part provides an indication that it is an endophyte. 
Endophyte occurrence in plants can be examined 
in stems, leaves, bark, roots and also found in 
elongating radicles in germinating seeds24,25. The 
plant developmental stages, environmental factors, 
and geographical locations are also known to 

Fig. 2. Colony morphology of endophytic fungi.

Fig. 3. Photomicrographs of endophytic fungi.
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determine the extent of fungal endophyte diversity 
in plants26. There exists a beneficial relationship 
between the endophyte and host which can be 
characterized to the capacity of endophytes to 
produce a variety of bioactive metabolites27. These 
metabolites are proved to be useful in various 
human related fields such as agriculture, medicine 
etc28. As such, the intensive research is oriented 
towards the exploitation of endophytes as a 
great source of valuable products for commercial  
purpose29. The present investigations were 

oriented towards the further exploitation of 
metabolites of endophytes. Medicinal plants are 
targeted by many investigators. L. glutinosa is 
a medicinal plant which was using in Ayurvedic 
treatments. In this study 8 endophytic fungi were 
frequently associated with various parts of the L. 
glutinosa and tested for the production of various 
bioactive compounds.
 The selected eight fungal endophytes 
were capable to produce amylase, cellulase, 
protease and lipase. Except Curvularia species 

Table 3. Evaluation of the enzyme activity of endophytic fungi isolated from Litsea glutinosa

    Enzymatic activity (mm)2

Endophytic Fungi Amylase Cellulase Protease Lipase Laccase

Aspergillus terrieus 11.667 a a a a 14.333 a ab ab ab 0.000 a 8.667 c d c d 0.000 ab a a

Aspergillus oryzae 10.667 a a a a 12.000 ab ab ab ab 10.667 a b a b 10.000 c c c c 0.000 ab a a

Trichoderma viridae 0.000 c c c c 18.667 a a a a 0.000 c d c d 19.333 a a a a 0.000 ab a a

Gliocladium solani 11.333 a a a a 10.333 ab b ab ab 7.333 b c b c 0.000 d e d e 0.000 ab a a

Curvularia sp 8.333 b b b b 0.000 bc cd bc c 10.667 a b a b 0.000 d e d e 0.333 a a a a

Penicillium citrinum 7.333 b b b b 10.000 ab b abc ab 0.000 c d c d 10.000 c c c c 0.000 ab a a

Fusarium oxysporum 0.000 c c c c 7.667 abc bc abc bc 0.000 c d c d 15.667 b b b b 0.000 ab a a

Verticillium dahlia 0.000 c c c c 0.000 c d c c 0.000 c d c d 0.000 d e d e 0.000 b a a

Pr > F 0.000 0.000 0.000 0.000 0.348
Significant Yes Yes Yes Yes No

Fig. 4. Screening of endophytic fungi for enzyme production.

Fig. 5. Screening of endophytic fungi for Antimicrobial activity.
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none of the other fungi produced laccase. 
Mohini et al. (2015)30 evaluated large number 
of endophytes isolated from various medicinal 
plants for various enzymes and found that they 
were capable to produce extracellular enzymes, 
though with variation. They inferred that variation 
in production of enzymes by endophytic fungi 
depends on the host and their ecological niches. 
Similar to present study, Uzma et al., (2016)31 
and Sunitha et al. (2013)32 reported that the 
same results correlated in the lack of laccase 
production in the endophytes studied by them. 
The extracellular enzymes produced by the 
endophytic fungus Rhizophora apiculata studied 
by Kumaresan and Suryanarayanan (2002)33. 
 Antimicrobial activity against fungi, 
bacteria and viruses was evaluated by so many 

investigators such as Maria et al. (2005)34 and 
Pavithra et al. (2012)35. The present work revealed 
that all the test fungi showed both antibacterial 
and antifungal activities. Antibacterial activity 
extended to Gram + ve and Gram – ve bacteria. 
However, they could not inhibit the bacterial 
growth significantly. Cuomo et al. (1915)36 
reported a maximum number of antimicrobially 
active species were isolated from marine areas. 
Some endophytic species like Pestalotia were 
reported to produce antifungal metabolites37. 
“Dragfuss and Chapela (1994)38 considered fungal 
genera Acremonium, Aspergillus and Penicillium as 
‘creative species’ for the production of variousand 
maximum number of bioactive compounds”. 
Cultural conditions influence the growth of 
fungi, which in turn may affect the secondary 

Fig. 6. Influence of endophytic fungal extracts on root growth of maize seedings.

Fig. 7. Influence of endophytic fungal crude extracts on root growth of maize seedings.
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Table 5. Production of IAA by selected eight fungal endophytes

Endophytic fungi Medium without Medium with 
 tryptophan (µg/ml)  tryptophan (µg /ml)

Trichoderma viridae 63.667 a a a a 70.333 a a a a

Aspergillus terrieus 54.333 a a ab a 60.667 ab a ab a

Gliocladium solani 49.333 ab a ab a 57.000 ab a ab a

Fusarium oxysporum 48.667 ab a ab a 56.000 ab a ab a

Curvularia sp. 44.333 ab a ab a 52.667 ab a ab a

Aspergillus oryzae 39.333 ab a ab a      47.000 ab a abc a

Penicillium citrinum 33.667 abc a abc a     41.333 abc a abc a

Verticillium dahliae 0.000 c b c b 0.000 c b c b

Control 0.000 bc b bc b 0.000 bc b bc b

Pr > F 0.000 0.000
Significant Yes Yes

Table 6. Ammonia production and phosphate 
solubilization of endophytic fungi

No. Endophytic fungi Ammonia Phosphate 
  production  solubilization

1 control - -
2 Aspergillus oryzae +++ ++
3 Aspergillus terreus ++ +++
4 Curvularia sp. +++ +
5 Fusarium oxysporum + ++
6 Gliocladium solani + +++
7 Penicillium citrinum + ++
8 Trichoderma viride +++ +++
9 Verticillium dahliae ++ -

Table 4. Antimicrobial activity of isolated endophytic eungi  

    Zone of inhibition  (mm)2   

 SA ML ST KP CA

Control 33.667 a a a a 35.667 a a a a 32.000 a a a a 26.333 a a a a 25.667 a a a a

Aspergillus terrieus 23.333 a ab a ab 25.667 a ab a ab 20.333 a ab a ab 25.000 a a a a 20.333 a ab ab ab

Curvularia sp. 18.667 a b a ab 24.000 a ab a ab 21.333 a ab a ab 23.667 a a a a 14.000 ab b abc ab

Fusarium oxysporum 27.333 a ab a ab 23.667 a ab a ab 16.667 a b ab ab 0.875 a a a 13.667 ab b abc ab

Penicillium citrinum 21.667 a ab a ab 24.667 a ab a ab 15.667 ab b ab b 0.792 a a a 19.000 ab ab ab ab

Gliocladium solani 0.792 b a ab 26.667 a ab a ab 12.000 ab b ab b 14.667 ab a ab a 16.667 ab ab ab ab

Aspergillus oryzae 17.333 a b ab b 21.667 a b a ab 0.750 ab a ab 20.667 a a a a 0.000 bc c bc c

Trichoderma viridae 17.333 a b ab b 15.000 ab b ab b 13.667 ab b ab b 16.333 ab a ab a 12.333 abc b abc b

Verticillium dahliae 0.000 b c b c 0.000 b c b c 0.000 b c b c 0.000 b b b b 0.000 c c c c

Pr > F 0.000 0.000 0.000 0.000 0.000
Significant Yes                Yes Yes Yes Yes
               
*SA = Staphylococcus aureus * ML = Micrococcus luteus   *ST = Salmonella typhi
* KP = Klebsiella pneumonia  *CA = Candida albicans

metabolites production. Fermentation conditions 
may also influence the production of antimicrobial 
compounds.
 Fungal endophytes are reported to 
influence the host plant growth through transport 
of nutrients and / or by direct production of 
or stimulating the production of plant growth 
hormones39. Plants harboring endophytic fungi 
which exhibit enhanced growth over those without 
fungal endophytes due to activities of fungi 
which may include solubilization of phosphates, 
production of IAA, and mobilizing scarcity of soil 
nutrients40, 41, 42. In the present work it has been 
examined that all the eight test fungi produced 
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IAA, and released ammonia and phosphate 
solubilizing enzymes. However, a significant 
variation has been observed among the species. 
For example, V. dahliae could not produce IAA and 
phosphate solubilizing enzymes. Mehmood et al. 
(2018)43 reported that IAA producing endophytic 
fungus Fusarium oxysporum promotes the maize 
growth under hydroponic conditions. 
 According to Zhang et al. (2011)44 various 
endophytic fungi having various capacities to 
produce IAA. The present study also reveals that 
extracts of eight endophytic fungi enhanced root 
length to a significant level over the untreated 
plants.

CONClUsiONs
 The present investigations reveal that 
eight endophytic fungal species are able to 
produce extracellular enzymes. However, the 
potentiality differed with fungi. Endophytic 
fungi are poor producers of laccase, as has been 
reported in other studies also. This study also 
substantiates the report of various other workers 
in the field that endophytic fungi are repoirters 
of antimicrobial metabolites. Further studies are 
required to select efficient strains by subjecting 
them to vigorous screening methods. Further, 
there is a need to screen the crude and purified 
extracts for screening against a large number of 
microorganisms including viruses. These studies 
also revealed that fungal endophytes enhance 
plant growth by producing a range of metabolites. 
Hence, these endophytes can be exploited in 
agriculture field after proper selection, and testing 
against the different plants. Further studies 
are required to identify the chemical nature of 
metabolites from fungal endophytes and their 
specific biological activities. Our future studies will 
be in this direction.
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