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The objective of this study was the isolation and screening of 

endophytic actinomycetes isolates for their antagonistic potential and 

plant growth promoting activities. A total of 60 isolates were recovered 

from root, stem and leaf tissue of 30 tomato plants. Studies on plant 

growth promoting activities revealed that 44 showed abilities to 

produce indole acetic acid, 18 produced siderophores, 34 ammonia and 

16 were observed to solubilize phosphate. In addition, production of 

hydrolytic enzymes such as chitinase, amylase and protease was 

demonstrated by these isolates. The efficacy of all endophytic 

actinomycetes was tested against Rhizoctonia solani pathogen in 

tomato, among 60 isolates obtained; seven endophytic actinomycetes 

were antagonistic to Rhizoctonia solani in vitro. Among them, potential 

isolate actinomycete was promising in vivo. 

 
                 Copy Right, IJAR, 2019,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Tomato (Solanum lycopersicum) is the most popular and agriculturally important commercial vegetable crop grown 

throughout the world. It is rich in vitamins A, B, C and has high lycopene content. Being versatile for culinary 

purposes, it is also one of the most commonly grown vegetable in the kitchen garden [1]. In India, it occupies an 

area of 801 thousand ha with a production of 22337 million tonnes [2]. Several diseases and disorders can influence 

tomato during the growing period. Loss of crop yield is a major concern in agriculture worldwide due to 

phytopathogens, especially fungi. Among the various diseases affecting the crop, Rhizoctonia solani is one of the 

most calamitous, soil-borne pathogen causes substantial loss to tomato crop [3].This pathogen can survive in soil 

within diseased plant material as mycelia or sclerotia during unfavorable environmental conditions for several years 

[4] causing root and crown rot. The chemical fungicides are used to control diseased crops. However, continuous 

use of fungicides has resulted in increased fungicide resistance, environmental pollution, detrimental effects on 

beneficial non-target organisms as well as severe effects on human life [5]. In recent years, natural or biological 

control has emphasised by providing an environment friendly, long lasting, inexpensive, safe alternate for the 

control of plant diseases [6]. The microorganisms are attractive source of natural compounds for pharmaceutical and 

agricultural industries. Therefore, the search has accelerated to screen microorganisms to find bioactive molecules 

(secondary metabolites and enzymes) antagonistic to plant pathogens [7]. Endophytes are microorganisms, 

proficiently and firmly colonize different plant tissues, from roots to all aerial parts, have been recognized, and has 

pivotal importance in agriculture [8] therefore, use of endophytic actinomycetes as biocontrol agent of soil borne 

diseases is of interest through their ability to colonize healthy plant tissues and produce ant ibiotics in situ [9]. Sreeja 

and Gopal [1] observed that Streptomyces thermodiastaticus an endophytic actinomycete isolated from tomato 
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plants showed (44.63%) antimicrobial activity against Ralstonia solanacearum causes wilt in tomato. They are also 

known for their ability to promote plant growth by producing plant growth hormone such as indole acetic acid also 

help in nitrogen fixation, phosphate solubilisation and siderophore production [10]. In this context, the present study 

was taken up to know more about the bioefficacy of endophytic actinomycetes on plant growth promotion and 

management of fungal wilt in tomato. 

 

Material and methods:- 

Collection of samples and isolation of endophytic actinomycetes 
A total of 60 endophytic actinomycetes isolates were isolated from healthy tomato plants. Local cultivars of both 

young (less than two weeks) and old plants (more than two weeks) were obtained from different locations and 

fungal culture of Rhizocotnia solanii was procured from the department of Microbiology, Punjab agricultural 

university, ludhiana, (India).  

 

Determination of plant growth promoting activities 

Phosphate Solubilization 

Qualitative phosphate solubilization activity of endophytic actinomycetes isolates were analyzed on NBRI-BPB agar 

medium. Actinomycetes cultures were inoculated on plates containing NBRI-BPB medium and incubated at 28⁰C 

for 7 days and the colonies forming yellow halo zone were considered as phosphate solubilizers and were selected 

allowed to grow for 7 days in broth was carried out using Erlenmeyer flasks (250ml) containing 50 ml of 

Pikovskaya medium grown for 7 days for quantitative estimation of P- solubilization using a standard method done 

by Olsen and Sommers [11]. 

 

Indole acetic acid (IAA) production 

The production of IAA by endophytic actinomycetes isolates were estimated according to Gordon and Weber [12] 

with some modifications. Endophytic actinomycetes were inoculated in 100 ml Erlenmeyer flasks containing yeast 

malt extract broth for 10 days in a rotary shaker at 200 rpm, 28ºC for 7 days. The 10 ml of grown culture was taken 

in eppendorff tubes and centrifuged at 10,000 rpm for 20 minutes and 1 ml supernatant was mixed with 2 ml 

Salkowski’s reagent and incubated for 30 min at room temperature. Development of a pink color indicated IAA 

production. 

 

Ammonia production 

The endophytic actinomycetes isolates were tested for the production of ammonia using the method described by 

Cappucino and Sherman [13]. In this method 20 μl of seed culture was propagated in 10 ml of peptone water and 

incubated at 28°C with shaking at 120 rpm for 10 d. Subsequently, 0.5 ml of Nesseler’s reagent was added to the 

culture and the development of brown to yellow color indicated a positive test for ammonia production. The 

absorbance was measured at 530 nm using a Thermo scientific (Multiskan GO) spectrophotometer, compared with 

the standard curve of (NH4)2SO4 and expressed in mg/ml. 

 

Siderophore production 

Siderophore production of the endophytic actinomycetes was determined by the method of Schwyn and Neilands 

[14]. A loop full of culture was inoculated on Chrome azurol S (CAS) agar medium and incubated at 28± 2°C for 5 

days. The colony with a halo zone of yellow-orange color was considered positive for siderophore production. The 

positive isolates were cultured in yeast malt extract broth and incubated at 28ºC for 10 days with shaking at 120 rpm 

for 10 days. Catechol-type siderophores were estimated by Arnow’s method [15] and hydroxamate siderophores 

were determined using the Csaky test [16]. 

 

Chitinase activity  

The test for chitinase production was performed by the procedure described by (Taechowisan and Lumyong [17], 

Tang-um and Niamsup [18]. Colloidal chitin was prepared from the chitin by the modified method of Hsu and 

Lockwood [19]. The clear halo zone measured on colloidal chitin agar medium showed positive chitinase activity. 

For the quantitative estimation of chitinase activity 0.6% and 1% colloidal chitin concentration was used. Colloidal 

chitin broth was used as a production medium with pH 7 and incubated at 28ºC in the incubator shaker at 150- 160 

rev min-1 for 7 days. Spores were inoculated to a concentration of 10
5
 ml

-1
. Chitinase activity in the supernatant was 

determined by the procedure of Taechowisan and Lumyong [17], Tang-um and Niamsup [18]. The amount of N-

acetyl glucosamine (GlcNAc) released in the supernatant was spectrophotometrically measured by the method of 
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Somogyi-Nelson [20] on the 520-nm absorbance. One unit (U) of chitinase activity was defined as the amount of 

enzyme required to produce 1 mol of reducing sugar per min. under the conditions of the experiment. 

 

In vitro antagonistic bioassay  

The endophytic actinomycetes isolates were evaluated for their antagonistic activity against phytopathogenic fungus 

Rhizoctonia solani by dual-culture in vitro assay. Colony growth inhibition (%) was calculated by using the formula: 

C – T/C x 100, where C is the colony growth of pathogen in control and T is the colony growth of pathogen in dual 

culture. 

 

Green house experiment 

The most potent endophytic actinomycete isolate Streptomyces sp. was grown on starch caisein nutrient agar 

(SCNA) broth at 28°C for seven days with continuous shaking at 150 rpm. The cells were centrifuged at 10,000 rpm 

for 15 min and the pellets diluted with distilled water to yield a final concentration of 10
6
 CFU/ml. The endophytic 

actinomycete suspension was used to treat targeted plants under green house conditions. Soil was taken from field 

and sterilized by autoclaving at 121
0
C for 1 hr for 3 consecutive days. Tomato seeds (Variety-Punjab sartaj) were 

grown in pots, using completely randomized block design (CRD) with 4 treatments and 3 replications each. Five 

seeds were sown per pot containing sterile soil. The treatments were (T0) Control with sterile soil only, (T1) Seeds 

treated with fungal spore suspension(Rhizocotnia solanii),  (T2) Seeds  treated with filtrate of potential actinomycete 

isolate (TR60)  + fungal spore suspension and (T3 ) Seeds treated with filtrate of with potential actinomycete isolate. 

Observations on per cent wilt incidence, days to flowering, number of fruits per plant, per fruit weight and yield per 

plant were recorded and statistically analysed using ANOVA. 

 

Molecular characterization and phylogenetic analysis of antagonistic endophytic actinomycetes 

Total DNA of endophytic actinomycetes isolate from cells, processed for genomic DNA extraction. The fragment of 

16S rDNA gene was amplified by PCR from the above isolated DNA, a single discrete PCR amplicon band of 1500 

bp was observed when resolved on agarose. Forward and reverse DNA sequencing reaction of PCR amplicon was 

carried out with 8F and 1492R primers using BDT v3.1 Cycle sequencing kit on ABI 3730xl Genetic Analyzer. 

Consensus sequence of 1366bp 16S rDNA gene was generated from forward and reverse sequence data using 

aligner software. The 16S rDNA gene sequence was used to carry out BLAST with the nr data base of NCBI gen 

bank database. Based on maximum identity score first ten sequences were selected and aligned using multiple 

alignment software program Clustal W. Distance matrix was generated using RDP database and the phylogenetic 

tree was constructed using MEGA 4. 

 

Results and Discussion:- 
Isolation and identification of endophytic actinomycetes 

A total of 60 endophytic actinomycetes were isolated from root, stem and leaf tissues of 30 healthy tomato plants, 

and identified based on their morphological and biochemical characteristics. Out of 60 isolates, 39 belonged 

Streptomyces sp. followed by 7 Nocardia sp., 5 Micromonospora sp., 6 Microbisspora sp. and 3 Actinopolyspora sp. 

Results were found in agreement with previous findings of  endophytic actinomycetes isolation from, banana, chilli 

and Saccharum officinarum  roots, leaf and stem tissues [21, 22, 23].  

 

Plant growth promoting traits of endophytic actinomycetes. 

Phosphate solubilization and IAA production Among the 60 endophytic actinomycetes isolates, 16 (26.67%) 

were able to solubilize inorganic phosphate and were identified as potential phosphate solubilizing isolates based on 

a clear halo zone around the colony on NBRI-BPB agar medium. Quantitative estimation of phosphate solubilization 

by the endophytic actinomycetes ranged from 4.2 ±0,02 - 32.42±0.2 mg/ml (Table 1). Forty-four endophytic 

actinomycetes (73.33%) were positive for IAA production; quantitative range of IAA production was found from 

2.38±0.21 to 124.37±0.26 μg/ml (Table 1) with the highest by Streptomyces sp. TR60. 

 

Ammonia and siderophore production by endophytic actinomycetes.   

Thirty-four isolates were positive for the production of ammonia at levels ranging from 1.84±0.001 to 29.37±0.06 

mg/ml. Isolate Streptomyces sp. TS14 produced the maximum amount of ammonia (29.37±0.06 mg/ ml) followed 

by Streptomyces sp TR60 (27.05±0.19 mg/ml). Siderophore production was detected in 18 (30%) isolates on CAS 

agar media, forming clear orange halo zone around the colonies. The seven isolates produced catachol type 

siderophore (at levels ranging from 2.8±0.2 to 92.50±0.2 µg/ml), whereas, 16 isolates produced hydroxamatetype 
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siderophore (range from 3.9±0.2 to 134.50±0.09 µg/ml). Isolate Streptomyces sp. TR60 produced greatest amount 

siderophore (Table 1). 

 

Chitinase production. 

On the basis of maximum antifungal activity as well as hydrolytic enzymes production, the endophytic actinomycete 

isolate Streptomyces sp. TR60 was selected for qualitative production of chitinase enzyme by plate agar assay. A 

clear zone surrounding the actinomycetes colony was observed, indicating that Streptomyces sp. TR60 produced 

chitinase. Maximum chitinase activity was observed on 4th day 0.061 U/ml at 0.6% colloidal chitin concentration. 

With 1% colloidal chitin substrate concentration, the maximum activity was observed 0.059 U/ml on 4th day (Fig 1) 

as compared to standard (Fig1.2). Similar observations were reported by [26, 27] during production of chitinase 

from S. marcescens and S. lividans, where by enzyme production was observed at exponential stage i.e. 84 h. 

 

In vitro antagonistic activity of endophytic actinomycete isolates against phytopathogenic fungus  
Out of sixty isolates, 7 isolates (11.67%) were displaying antagonistic activity against Rhizoctonia solani. The 

antagonistic activity of endophytic actinomycete isolates against phytopathogenic fungus was observed to fall in a 

range of 4.60±0.03% to 39.85±0.36%. It was observed that root endophytes were better antagonistic agents as 

compared to stem and leaf isolates. Isolate TR60 showed the maximum percent inhibition against Rhizoctonia solani 

(39.85±0.36%) when compared with control. Passari et al [28] recovered forty-two endophytic actinomycetes from 

medicinal plants were evaluated for their antagonistic potential and plant growth-promoting abilities. Twenty-two 

isolates which showed the inhibitory activity against at least one pathogen were subsequently tested for their plant-

growth promoting activities and were compared genotypically using DNA based fingerprinting. 

 

Scanning electron microscopy (SEM)  
Scanning electron microscopy was employed to evaluate the effects of Streptomyces sp TR60 on the fungal cell 

walls of Rhizoctonia solani. The co-culture containing R. solani and endophytic actinomycete isolate TR60 as well 

as R. solani culture alone as a control was selected for experiment. Results obtained showed that control appeared 

sectored regular vegetative cells along with large roughly spherical spores (Fig 2A) whereas fungal colony co-

cultured with TR60 showed aberrant vegetative cell structure of the hyphae. Further, the fungal hyphae appeared 

like flattened ribbons having several pits at the poles (Fig 2B) as well as presence of bulbous structures at the edges 

of the inhibited fungal colonies on the PDA plates was evident (Fig3B). Our results are in conformity with several 

studies carried out by other investigators. Rawlinson et al [29] observed that the bacterial cells examined using 

SEM, were totally deformed and exhibited severe destruction. The surfaces of the bacterial cells were damaged and 

had become rough and swollen, but unlysed. 

 

In vivo plant growth activity of tomato seedlings under pot culture conditions. 

The most potent isolate Streptomyces sp. TR60 identified by 16S rRNA gene sequencing as strains of Streptomyces 

fulvissimus (Table 3) was used for in vivo greenhouse experiment on tomato. Inoculation of with Streptomyces 

TR60, showed a significant (p<0.05) increase in yield parameters such as days to flowering, root and shoot length 

treated with the endophytic actinomycetes were superior in performance when compared to the control (Table 2). In 

the present study the plants treated with Streptomyces fulvissimus (TR60) isolate recorded the minimum number of 

days (31.67) for flowering, followed by seeds treated with filtrate of potential actinomycete isolate and fungal spore 

suspension (36.66) as compared to absolute control. 

 

Wilt incidence seeds treated with only fungus was recorded of 92.30% that reduced to 53.62% seeds treated with 

Streptomyces fulvissimus + fungus (table 2). Hence, it is concluded from the study that the endophytic 

actinomycetes, Streptomyces fulvissimus from tomato showed superior performance among the all isolates in plant 

growth promotion as well as in the management of fungal wilt in tomato. This promising endophytic actinomycete 

has a potential to be developed as a biocontrol agent for the management of fungal wilt in tomato. 
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Table 1:-Relative production of IAA, P-solubilization, Ammonia and siderophores by endophytic actinomycete 

from Solanum lycopersicum (tomato) 

 

Isolates IAA  (μg/ml) Phosphate 

solubilization 

(mg/100ml) 

Ammonia 

(mg/ml) 

Siderophore 

Hydroxamate  

(µg/ml ) 

Catechol (µg/ml) 

TR1 8.69±0.12 - 5.49±0.01 - - 

TR2 6.4±0.06 6.5 ±0.2 3.66±0.06 - - 

TL3 51.89±0.33 11.6 ±0.03 11.66±0.005 92.1±0.2 20.2±0.5 

TS4 29.07±0.07 17.1 ±0.16 6.42±0.003 - - 

TR5 22.12±0.32 16.5 ±0.02 - - 16.2±0.1 

TR6 5.62±0.22 - - - - 

TL7 18.07±0.32 - 19.43±0.006 3.9±0.2 - 

TL8 13.43±0.027 - 7.99±0.013 - - 

TL10 2.38±0.21 4.4 ±0.03 26.30±0.041 - - 

TL11 7.6±0.04 14.9 ±0.04 20.47±0.003 - - 

TR12 9.16±0.19 11 ±0.12 5.38±0.005 - - 

TS13 3.68±0.25 - - - - 

TS14 29.2±0.28 - 29.37±0.06 38.2±0.3 - 

TR15 10.86±0.14 10.6 ±0.41 - 50.7±0.2 42.1±0.2 

TR16 41.94±0.35 - 11.4±0.005 - - 

TL18 16.52±0.25 12.5 ±0.02 9.65±0.005 70.2±0.3 25.4±0.2 

TL19 5.88±0.34 - 8.15±0.27 - - 

TR20 42.89±0.21 9.4 ±0.32 2.52±0.006 - - 

TL21 7.51±0.17 5.8 ±0.01 23.91±0.03 26.4±0.4 - 

TR22 54.24±0.23 - 19.73±0.03 - - 

TR23 9.94±0.54 - 3.95±0.003 38±0.3 - 

TL24 7.43±0.08 - 4.73±0.09 - - 

TR25 3.33±0.11 - 1.84±0.001 - - 

TR26 24.23±0.40 - 6.35±0.003 16.8±0.2 - 

TS28 28.96±0.20 - - - - 

TL29 5.4±0.09 - 21.75±0.005 - - 

TL30 11.55±0.13 - 8.44±0.01 - - 

TR31 2.45±0.19 - 18.38±0.03 - - 

TR32 4.5±0.19 - 21.60±0.026 - - 

TL33 51.5±0.59 13.8 ±0.01 8.44±0.01 46.2±0.2 - 

TR34 56.66±0.71 - 18.38±0.03 - - 

TL35 40.73±0.26 4.2 ±0.02 21.60±0.02 - - 

TR36 2.65±0.12 - 12.10±0.01 5.1±0.5 - 

TR39 27.81±0.4 - 2.31 ±0.008 15.4±0.1 - 

TL38 - - - 12.6±0.1 - 

TR43 60.31±0.07 - - - - 

TR40 - - - 11.2±0.1 - 

TL45 22.69±0.27 - 3.06±0.006 - - 

TS46 10.69±0.27 - - 52.4±0.2 - 

TR49 51.73±0.34 - - - - 

TS50 41.93±0.38 20.2 ±0.15 19.05±0.01 - 9.3±0.07 

TR52 35.83±0.36 - - - - 

TL56 53.8±0.25 - 17.71±0.02 15.4±0.09 2.8±0.2 

TR58 6.02±0.37 8.2 ±0.1 18.76±0.003 - - 

TS59 10.54±0.040 - - - - 

TR60 124.37±0.26 32.42 ±0.2 27.05±0.19 134.5±0.09 92.5±0.2 
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CD@5% 0.90 0.33 0.17 0.22 0.53 

 

 

 

 

 
Fig 1:-Quantitative production of chitinase by TR60 isolate 

 

 
Fig1.2:-Standard curve of N-acetyl glucosamine 

 

 

 

 

 

 

 



ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 7(8), 371-379 

377 
 

          
 
                   Fig 2:- (A) Rhizocotonia solani from pure culture                      (B) co-cultured Rhizocotonia solani with Streptomyces sp. (TR60) 

 

                             
 
               Fig 3:- (A) Rhizoctonia solani                                                            (B) Rhizoctonia solani + TR60  

 

 

 

 

Table 2:-Effect of various treatments on fungal wilt in tomato 

Treatment Wilt 

incidence 

(%) 

 

Days to 

flowering 

Number of shoots shoot length (cm) Root length (cm) 

30 

DAS 

60 

DAS 

90 

DAS 

30 

DAS 

60 

DAS 

90 

DAS 

30 

DAS 

60 

DAS 

90 

DAS 

T0 - 40.67 8.33 10.66 14.55 8.57 10.67 21.71 5.55 6.21 12.06 

T1 92.30 43.33 7.66 7.15 5.89 7.83 8.33 10.21 4.51 4.68 4.60 

T2 53.62 36.66 11.33 12.11 18.55 11.45 15.21 19.60 6.75 6.35 10.23 

T3 - 31.67 12.33 14.33 27.43 11.78 18.85 23.97 6.55 6.11 12.80 

CD at 5%  0.87 1.49 0.79 0.35 1.53 1.25 2.47 NS 0.93 0.92 
T0 -  Absolute Control (no pathogen and no actionmycete) 

T1 -  Control (pathogen only) 

T2 -  Seeds treated with filtrate of potential actinomycete isolate + fungal spore suspension 

T3 -  Seeds treated with filtrate of potential actinomycete isolate TR60 
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Table 3:-Sequence producing significant alignments (TR60) 
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