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Abstract 

 

Fungal endophytes are well-noted residents inside plant tissues to assist plant development and fitness. However, plant 

growth-promoting endophytes (PGPE) are less reported therefore, the objectives of present study were to isolate fungal 

endophytes, identify and illustrate their potential for plant growth-promotion. Endophyte Aspergillus terreus was selected to 

check its role in promoting growth of tomato seedlings. The isolate showed positive results for hydrogen cyanide and indole 

acetic acid (IAA) production, phenols and flavonoids production under In vitro conditions. Endophyte associated tomato 

seedlings showed higher growth than the control. The results showed that isolated and characterized microbial endophytehad 

a considerable impact on plant growth parameters and could be helpful as inoculants to improve a sustainable farming 

system without posing any adverse effect on environment.  
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Introduction 

 

Plants are in continuous interaction with microbial 

symbionts, several noted as to be pathogen while others 

showed mutual relationship to the host plant. In previous 

studies, microbes are reported as useful group of microbes 

and known to be endophytes (Khan et al., 2016). Fungal 

endophytes promote the growth of host plants via 

production of active metabolites, helping in plant 

productivity, high yielding crops, induce resistance to 

different stresses (biotic and abiotic) and achieving a 

prudent characters for improving agricultural practices 

(Jose et al., 2009; Amin, 2016). Redman et al., (2011) 

reported that endophytes promote growth of rice plants 

under abiotic stress condition by enhancing it biomass and 

yield in both In vitro and green house conditions.  

Efficient agricultural and horticultural practices are 

needed for proper identification of endophytic fungi. In 

addition, it is important to check these endophytes for its 

possible applications for crop improvement (Sturz et al., 

2000; Afzal et al., 2017; Afzal et al., 2018; Afzal et al., 

2019). Many isolated microbial strains play key role in 

controlling of many plant diseases (Rahman et al., 2017; 

Urooj et al., 2018). Some plant growth promoting bacteria 

provide salt tolerance to many important plant species 

(Nauman et al., 2018). The microbial interaction with 

host as growth promoters has been recognized particularly 

in leguminous as well as non- leguminous families 

(Chanway, 1996). Endophytes can improve plant yield 

and other performances by increasing nutrient availability 

and promote its lateral root formation (Pillay & Nowak, 

1997; Yates et al., 1997). Many of endophytes has been 

identified as being used as artificial inoculation for 

sustainable practices in agriculture, as Fusarium 

moniliforme, phoma sp. and Penicillium sp., which 

improve growth in maize roots (Yates et al., 1997). The 

endophytes associated with rice shows better growth and 

development (Muhammad et al., 2012).Aspergillus 

terreus is known to be isolated as abundant filamentous 

fungus from rhizospheric soil as well as aquatic places 

(He et al., 2004 and Damare et al., 2006) and decays of 

old plant and animals (Reddy & Singh, 2002). A. terreus 

is able to produce important metabolites i.e., lipases and 

cellulases and itaconic acid, respectively (Kuenz et al., 

2012). Therefore, the current study was conducted to 

isolate, identify and characterize beneficial endophytic 

fungi from tomato plant and to check its activities as best 

plant growth promoter. 

 

Materials and Methods 

 

Isolation of endophytic fungi: Isolation of endophytic 

fungi from tomato plants was isolated by following 

method of Ezra et al., (2004).The collected samples were 

sterilized by washing with running tap water. The plant 

parts (stem, leaves and roots) were separated after surface 

sterilization. Each plant part was cut into 2 to 5 mm and 

then inoculates on autoclaved hagem media (minimal 

nutrient media) contained in Petri plates. After incubation 

of 7 days at 28oC, the strains growing out from plant 

segments was shifted to PDA (potato dextrose agar) 

media for obtaining pure cultures of isolates. The 

production of secondary metabolites was checked on 

Czapek media.The fungal isolates were observed under 

light microscope. The identification of isolates was 

confirmed by species description used by Klich (2002). 

 

Genomic DNA extraction and fungal identification: 

DNA was extracted by following method of Khan et al., 

(2012) and identification of isolated strain was confirmed 

by sequencing the ITS of 18S rDNA. The universal primer 

NS1 5' (GTA GTC ATA TGC TTG TCT C) 3'and NS24 5' 

(AAA CCT TGT TAC GAC TTT TA) 3' were used for 

polymerase chain reaction. For homology identification, 
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Basic Local Alignment Search Tool (BLASTn) was used 

(http//www.ncbi. nlm.nih.gov/BLAST/). The resultant 

sequences was aligned as ClustalW by using MEGA 7 

software and the phylogenetic tree was constructed and the 

evolutionary history was inferred using the parsimony tree 

y using same software (Tamura et al., 2007).  
 

Phytochemicals screening: The extracts of endophytes 

were checked for the existence of the active constituents 

with little amendments from culture filtrate. 

 

Production of indole acetic acid (IAA): 1 ml of 

centrifuge liquid culture was added to 2ml ofSalkowski’s 

reagent using the methodology of Gordon & Weber 

(1951), and kept indark for 20 mins. Appearance of of 

pink colour shows the presence of IAA.The 

spectrophotometer at 540 nm was used for quantification 

of active metabolites. The final concentration of IAA was 

estimated using a standarad curve of IAA. 

 

Determination of total flavonoid: 0.5 ml of fungal 

culture was taken in glass tube and mixed with 0.1 ml of 

AlCl3 (10%) folllowed by addition of 0.1 ml CH3CO2K 

(1M).The final volume was adjusted by addition of 4.3 ml 

of 80% methanol to the liquid mix and incubted for 30 

minutes. The absorbnace was checked at 415 nm by 

following method of Eom et al., (2007). 

 

Determination of total phenols: Phenol contents was 

observed using reagent (Folin-Ciocalteau) according to 

method described by Malik & Singh (1980) with few 

modification. 0.5 ml culture filtrate was taken and water 

was added to make final volume of 3 ml. The mixture was 

added with 0.5 ml reagent followed by addition of 2 ml 0f 

20% sodium carbonate. Appearance of blue color 

indicated phenol presence. Samples were kept in boiled 

water for exactly one minute, cooled and absorbance was 

checked at 650 nm.  

 

HCN production: To check the ability of isolates for 

optimum HCN production, a piece of isolate was 

inoculate on potato dextrose agar slant media with 

addition of 4.4g glycine/liter. Whatman filter paper No. 1 

was saturated in sodium carbonate 2% in picric acid 

(0.5%) solution and kept in the test tube. Completely 

sealed the test tubes with parafilm and incubated for 7 

days at 28ºC. Discoloration of filtr paper from yellow 

after incubation shows the presence of HCN production 

(Lorck, 2004).  

 

Screening of endophytes for plant growth promotion: 

To study the effect endophytes, the tomato (Solanum 

lycopersicum L.) genotype Riogrande was treated with 

fungal biomass. Ten seeds were sown in 100 gm soil. The 

experiment was arranged in triplicate. For plant microbe 

interaction one gram biomass of fungal strain was applied 

to every pod. Autoclaved distilled water was used as 

control. The morpho-biochemical data (estimation of 

chlorophyll content, shoot and root length, fresh and dry 

weight) was recorded after one month seedlings were 

harvested. For getting dry weight, seedlings were oven 

dried at 50ºC for 8 days. 

Statistical analysis: Software SPSS for Window version 

12.0 was used for calculating the values for different tests 

such as one-way analysis of variance (ANOVA), 

Duncan’s Multiple Range Test (DMRT). 
 

Results and Discussion 

 

Fresh and contamination free parts of tomato 

plants were used for isolation of potent endophytes. 

The surface sterilization procedure for isolation 

showed standard result for control plate. Different 

fungal strains was emerged in the low nutrient medium, 

based on distinct colony characteristic a tan brown 

colony ends with white corner was selected for further 

study to check its potential for growth promotion. For 

initial identification of chosen strains morphological 

study was done on PDA plate after 3 days of 

inoculation, on surface initially white and then 

pyriform vesicle, lanose, tan to brown color appear and 

on reverse it showed golden exudates (Fig. 1-a,b) and 

after 7 days maximum growth was observed on plants 

(Fig. 1-c). On microscopic study it showed unbranched 

conidiophore, appearance of columnar conidial 

arrangement and biseriate conidial heads (Fig. 1-d, e). 

Our macroscopic and microscopic observed 

characteristics of A. terreus showed similarities with 

findings of Klich (2002) and Afzal et al., (2013). 

Molecular identification of the isolated fungal strain 

S4 was carried out by phylogenetic tree analysis using the 

parsimony tree constructed method from 17 selected taxa 

and aligned ITS sequences. Molecular proof of identity of 

A. terreus showed 100% match with reference strain 

KF660536. The 18S rDNA sequence data was checked 

with sequences data available on Gene-Bank (Fig. 2). 

Tested strain Aspergillus terreus (A. terreus) was 

previously reported as endophytefrom a healthy old leaf 

of Swieteniam acrophylla leaf (Darah et al., 2014) and A. 

terreusidentified as efficient endophyte from stem of 

Achyranthus aspera, an herb of medicinal importance 

(Goutam et al., 2016).  
 

 
 
Fig. 1. Isolation and morphological examination of S4. a. The obverse 

on PDA growth after 3 days, b. reverse on PDA after 3 day releasing 

metabolites, c. on PDA after 7 days fully matured fungus growth, d and 
e. branching and conidiophores under light microscope. 
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Fig. 2. Identification of endophytic fungal strain S4 as 

Aspergillus terreus by phylogenetic analysis of the ITS region of 

18S rDNA gene.  

 

Table 1. Phytochemical screening of isolated fungal extract. 

Strain IAA Flavonoid Phenol HCN 

S4 + + + + 

 

Table 2. Estimation of secondary metabolites of isolated 

fungal filtrate. 

Strain 
IAA  

(ug/ml) 

Total flavonoid 

(ug/ml) 

Total phenols 

(ug/ml) 

S4 0.67±.10 1.83±.03 4.16±.05 

 

The culture supernatant of the A. terreus was 

checked for different active secondary substances such 

as, production of indole acetic acid, total flavonoids and 

phenols calorimetrically. The strain showed effective 

results which can be helpful to enhance plant growth 

parameters. Results showed positive for presence of 

active metabolites such as IAA, flavonoids, phenols and 

HCN in tested samples (Table 1). The quantitative 

estimation of IAA, phenolic and flavonoid content were 

calculated by using the values of standard curves. The 

concentrations of IAA, flavonoids and phenolic in S4 

liquid culture were 0.67±10, 1.83±.03 and 4.16±.05 

respectively (Table 2). Our results are supported by 

Huang et al., (2007) who reported 42 fungal endophytes 

from Nerium oleander and found important bioactive 

constituents as phenolics and their derivatives, 

flavonoids. Similarly, endophytic Xylaria sp. Produces 

key secondary metabolites (phenolics and flavonoids) 

(Liu et al., 2007). Accoroding to Shi et al., (2009), 

plants treated with certain endophytes have potential to 

increased growth attributes of plants due to production 

of active IAA compounds.  

The bioassay experimental results showed a 

significant difference among fungal treated and control 

plants. Statistical analysis of the data clearly indicated 

that endophyte inoculated plants increased shoot length 

upto 79% than untreated control. Root length showed 

twenty seven fold increased than untreated seedlings, 

fresh and dry weight of tomato seedlings recorded a 

significant higher weight (3 and 3.5 respectively) folds 

than control plants. Total chlorophyll content was also 

highest in endophyte inoculated plants than control 

(Table 3). Overall plant growth parameters were 

increased by inoculating A. sterreus as plant growth 

promoter. Our results are in line with the conclusions 

of Sumera et al., (2008) who reported 37 different 

isolated endophytic fungi as plant growth promoters 

that increased the plant shoot length upto 75.5% for 

waito-c rice variety. Our results showed that A. terreus 

significantly enhanced plant growth traits In vivo 

experiment due to active constituents present in high 

amount. Our results are also supported by Dai et al., 

(2003) and Lu et al., (2000), who observed that 

filamentous fungi can produce In vitro active IAA 

metabolites and helps to enhance plant growth 

attributes. Similarly, inoculation of two endophytic 

fungi P. citrinum and A. terreus on sunflower plants 

exhibited resistance to disease caused by pathogen 

Sclerotium rolfsii and increase biomass production and 

yield of sunflower (Waqas et al., 2015). 

 

Table 3. In vivo growth promotion experiment. 

Sample SL (cm) RL (cm) FW (g) DW (g) CHL 

Control 5.69 ± 0.76a 1.26 ± 0.22a 0.14 ± 0.04a 0.02 ± 0.00a 20.2 ± 1.56a 

S4 10.2 ± 2.27b 3.88 ± 1.32b 0.47 ± 0.30a 0.07 ± 0.04a 32.5 ± 2.20b 

The results shows mean ± standard deviation for n = 3 pots and different letters represent statistical difference at p<0.05 

 

Conclusion 

 

The identification of A. terreus as plant growth 

promoting endophytic fungal isolate via its potent ability 

to produce active secondary metabolites IAA, phenols, 

flavonoids and fungal treated tomato seedlings showed 

effective growth attributes significantly than control. This 

important endophyte could be useful for improving 

production of crop plants and can be used as good 

biofertilizer. 
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