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Abstract
The present study was focused on microscopic and molecular characterization with growth optimization 
of two fungal isolates of Trichoderma spp. (TS) along with their antagonistic activities against 
Colletotrichum falcatum (CF) and plant growth promoter activity. The microscopic and molecular 
analysis (Internal transcribed spacer - ITS1 region of 18S rRNA) of these isolates revealed that the 
isolates were Trichoderma asperellum (MK937669) (TA) and Trichoderma viride (MK503705) (TV). The 
parameters for maximum growth were found to be in TA and TV in potato dextrose agar (PDA) and 
Sabouraud dextrose agar (SDA) for media components, 25˚C for temperature and for pH (TA 5.5 and 
TV 6.5) respectively. The antagonistic activity of TS was studied and it was found to be notable against 
CF (CF02 strain) with 77.666±4.509% and 72.666±7.094 % of inhibition by TA and TV respectively. As 
a plant growth promoter it was found that maximum Indole-3-acetic acid (IAA) production with 0.5% 
of L-tryptophan was with 120.308±5.256µg/mL by TA and 130.101±8.995µg/mL by TV. However, when 
phosphate solubilization (PS) was studied, it was found maximum at day 5 with 410.285±32.084µg/mL 
by TA and 459.126±38.629µg/mL by TV. When two-way ANOVA was applied it was also found to be 
significant with p value < 0.05. Overall, the isolated TS species can be rapidly and efficiently produced 
using the optimum conditions for effective management of CF with good plant growth promoter activty, 
thus serve as an eco-friendly approach for plant protection and yield increase, thereby economically 
useful for agricultural industry. 
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INTRODUCTION
 Agricultural crop such as Sugarcane 
(Saccharum officinarum) is an economically 
important crop of tropical and sub-tropical 
regions, cultivated mainly for production of 
glucose, sucrose, ethanol, fiber and bio-fuels etc., 
(Ming et al., 2006; Lam et al., 2009). However, 
productivity of the crop is mainly affected by red 
rot disease that causes due to fungal infection by 
pathogen CF (Rott, 2000). Chemical fungicides are 
generally used to effectively control the red rot 
disease, but human health and environmental 
concerns often put pressure on farmers to reduce 
its applicability. Furthermore, in present scenario, 
there are stringent government policies at national 
and international levels for exploitation of chemical 
fungicides to eradicate such hazardous chemicals. 
Other troubles include the development of 
resistant pathogenic fungal strains like CF due to 
exhaustive use of chemical fungicides (Shuping 
and Eloff, 2017). Considering above mentioned 
severe issues, the investigators have focused 
on developing the eco-friendly approaches 
for controlling such diseases. In this context, 
biocontrol agents (BA) have been considered as 
one of the safe and effective strategy to overcome 
the detrimental effects on Mother Nature 
(Satyavir, 2003;Widmer, 2019). The BA is primarily 
defined as decreasing the population density of 
disease-causing pathogen(s)/parasite(s) in its 
active or inert state that can be achieved naturally 
or by modification through surroundings, host or 
antagonist (O’Brien, 2017). 
 The usage of BA against red rot disease 
involves the utilization of potent antagonistic fungi 
(AF) such as TS. The TS is a filamentous, asexual 
highly diverse fungus, which can occur mostly in 
tropical and sub-tropical soils that can be cultured 
easily (Lee et al. 201; Khalili et al. 2012; Gveroska 
and Ziberoski, 2012; Agnihotri, 1990; Singh et al., 
2008; Srivastava et al., 2008; Smith 1973). Also, 
the growth of sugarcane plant is supported by 
the several phytohormones produced by TS that 
found to enhance crop yields (Mastouri et al., 
2010, 2012; Harman et al., 2004). In addition, there 
are several enzymes secreted by TS like chitinases 
and so on, which can destroy CF by disrupting cell 
wall followed by breakdown of hypha (Albersheim, 
1974; Singh, 1999; Viswanathan, 2003; Prapagdee, 
2008). Hence, TS is currently approved in several 

biological applications such as bio pesticides, bio 
fertilizers, nutrient solubilizers, growth promoters 
and organic matter decomposer (Samuels et al., 
2006; Woo et al., 2014). 
 The application of TS as an antagonist 
is owing to their ability to survive under 
different adverse environmental conditions, 
increase reproductive capability, effectiveness 
in the utilization of nutrients, ability to alter the 
rhizosphere, strong aggressiveness against plant 
pathogens and competence in promoting plant 
growth as well as defense mechanisms (Verma 
et al. 2007; Hermosa et al. 2012; Mukherjee et al. 
2012). Such characteristic features enabled TS to 
occur in any habitat. However, the pure isolation 
of TS from the soil in laboratory is normally difficult 
because of the fairly fast growth of other soil fungi 
on potato dextrose agar (PDA) media (Domsch et 
al., 1993). 
 The abiotic factors also influence the 
mycelial growth of plant pathogenic fungi/BA. 
Among these, pH is probably the most important 
parameter affecting the mycoparasitic activities 
of TS (Kredics et al., 2004). The variations of pH 
found to affect growth as well as sporulation of 
TS (Bandyopadhyay et al., 2003; Begoude et al., 
2007). Thus, there is a need to isolate TS strains 
that not only growth well in acidic as well as basic 
soil but also efficiently destroy CF (Singh et al., 
2014). Similarly, temperature is another important 
factor responsible for the survival of TS; thereby 
BA should have better stress tolerance level than 
CF (Kredics et al., 2004; Iqbal et al., 2018; Singh 
et al., 2014). Considering these, identification 
(Internal transcribed spacer - ITS1 region of 18S 
rRNA) and optimization of process parameters 
such as media components, pH and temperature 
were carried out, along with evaluation of 
antagonistic activity of TS isolates against CF and 
its ability as a plant growth promoter would be 
advantageous for agricultural industry. Thus, these 
parameters are studied extensively in the present 
research. 

MATERIALS AND METHODS
Fungal isolates
 The rhizosphere soil samples were 
collected from sugarcane cultivated field located 
at IIM Road, Lucknow, Uttar Pradesh, India for 
isolation of fungal strains with special emphasis 
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to TS. Nine fungal strains were isolated using 
serial dilution-agar plating method. For this, 1 mL 
aliquot of 10-5 serial dilution was transferred to 
Potato Dextrose Agar (PDA) media followed by 
incubation for 5 days at 28±1°C (Singh and Singh, 
1970). Each pure colony that appeared on PDA 
was differentiated based on color, growth, size/
shape of conidiophore, phialides and conidia 
(Flegel, 1980) followed by maintaining in the 
laboratory at 28±1°C. Standard TS (MTCC167) was 
obtained from Department of Biosciences, Integral 
University.
Microscopic identification
 Microscopic observation was done using 
lactophenol cotton blue stain. Morphological 
features like conidia, conidiophore, phialides 
were identified. Color, shape and mycelial 
growth were also examined under compound 
microscope (OPTIKA microscope Italy, B-383Phi) 
and photographed.
Molecular identification (Internal transcribed 
spacer - ITS1 region of 18S rRNA)
 Amongst nine fungal isolates, merely two 
strains (designated as TA and TV) were found to 
depict comparatively higher antagonistic activity 
against CF (data not shown) and, therefore 
selected for further study. The genomic DNA was 
isolated from fresh mycelia of TA and TV following 
the protocol of Mahuku (2004). The molecular 
characterization (ITS1 region of 18S rRNA) and 
identification of these strains were performed 
using ultra-rapid sequencing method (ABI 3130XL 
Genetic analyzer) at Aakaar Biotechnologies Pvt. 
Ltd. (ISO certification: 9001:2008). 
Parameters affecting growth of fungal isolates
Effect of media composition
 The composition of medium found to 
significantly affect the growth of microorganism 
including fungi. Therefore, TA and TV strains were 
cultivation in different media (as given in Table 
1) with respect to optimal growth. Amongst such 
media, the medium supporting maximum growth 
of TA and TV strains (in terms of radial growth and 
dry weight) was chosen for further optimization 
using temperature and pH. 
pH effect
 The pH also depicts significant effect on 
the growth of microorganism like fungi. In this 
context, the effect of pH on the growth of TA and 

TV strains were studied in the range 4.0-8.0 with 
an interval of 0.5. The pH value favoring maximum 
fungal biomass formation was considered as 
optimum pH. 
Effect of temperature 
 As  temperature found to affect 
biochemical reactions and cell growth, therefore 
temperature was varied from 5-35°C with an 
interval of 5°C. The temperature depicting highest 
fungal biomass production was recognized as 
optimum temperature. 
Antagonistic activity
 The antagonistic activity was done 
according to the protocol of Gawade et al. (2012). 
TA and TV strains were evaluated against CF 
designated as CF01, CF02 and CF03, obtained from 
ICAR-Central Institute for Subtropical Horticulture, 
Lucknow. The freshly cultured biomass of each 
TA and TV strain was inoculated along with CF at 
equal distance from the center of potato dextrose 
agar plate in opposite direction followed by 
measurement of their radial growth up to 8 days at 
regular interval of one day. The growth inhibition 
of CF was calculated as per given formula:
 Percentage growth inhibition = [(R-R1)/R] x 100                         
 R= radial growth of CF biomass measured 
towards center of agar plate from its initial point 
of inoculation without antagonistic fungus (TA and 
TV strain).  
 R1= radial growth of CF biomass measured 
towards center of agar plate from its initial point 
of inoculation with antagonistic fungus (TA and TV 
strain).    
Plant growth promoter activity of TS
Indole-3-acetic acid (IAA) production 
 Subsequent to standardized incubation 
time, the cultures of TA and TV were centrifuged 
and the supernatant was mixed in a ratio of 
1:2 (v/v) with Salkowski’s reagent [H2SO4 (150 
mL), D.W (250 mL, 0.5M FeCl3·6H2O (7.5 mL)]. 
The reaction mixture was kept for 20 minutes 
at room temperature. The change in color 
(pink) indicating production of IAA. Absorbance 
was measured at 530 nm using double beam 
UV-Vis Spectrophotometer (Shimadzu-1800) 
and calculated against IAA standard. Without 
L-tryptophan concentrations 0.0 (control) and with 
L-tryptophan (0.1, 0.5, 1.0, 1.5% and 2.0%) using 
potato dextrose broth medium (28°C/120rpm/7 
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Table 1. Different media exploited for the optimal growth of TA and TV strains

S.  Type of media Composition Concen. Reference
No.   n (g/L)    

1 Potato Dextrose Agar Peeled potato  250 Ferdous et al.,
  (PDA) Dextrose   20 -2016
  Agar  15 
2 Malt Extract Agar Malt extract  20  Smith (1973) 
  Peptone  1 
  Dextrose  20 
  Agar  15 
3 Czepack Dox Agar Sucrose  30 Davet and Rouxel
  Sodium nitrate  2 -2000
  Di-potassium phosphate 1 
  Magnesium sulphate  0.5 
  Ferrous sulphate  0.01 
  Potassium chloride  0.5 
  Agar  15 
4 Richard Synthetics Agar Potassium nitrate  10 Imeson (2000)
  Mono-potassium   
  dihydrogen phosphate  5 
  Magnesium sulphate  2.5 
  Ferric chloride  0.02 
  Sucrose  50 
  Agar 15 
5 Asthana and Hawkers Glucose  5 Dandge  (2012)
  Media  Potassium nitrate  3.5 
  Potassium dihydrogen orthophosphate    
   1.75    
  Magnesium sulphate  0.075 
  Agar 15 
6 Saubard Dextrose agar Dextrose(Glucose)  40 Guinea et al.
  (SDA) Mycological, peptone  10 -2005
  Agar  15 
7 M9 media Na2HPO4 6 Ferdous (2016)
  KH2PO4  3 
  Nacl 0.5 
  NH4Cl 0.1 
  Agar 15 

days), the effect on IAA production was determined 
(Kumar et al 2017). 
Phosphate solubilization 
 PS was done according to the protocol of 
Kapri and Tewari (2010), using 250 mL Erlenmeyer 
flasks, having medium (100 mL) inoculated with 
active cultures of each TS strain. Incubation 
was done at 28°C/120rpm/7 days. 10mL aliquot 
from each flask were withdrawn at an interval of 
24hrs. The aliquots were centrifuged (4000 rpm/ 
15 minutes/ RT) and supernatant collected was 
evaluated for pH and phosphate concentration. 
Following the protocol of Fiske and Subbarow 

(1925), phosphate in supernatant of the cultures 
was estimated. 
Statistical analysis
 All the experiments were performed in 
triplicate and statistical analysis, i.e., calculation 
of mean ± SD and two-way ANOVA was performed 
using MS excel. The level of significance (α) was set 
to value of 0.05 for studying the variation amongst 
parameters.

RESULTS AND DISCUSSION
Microscopic characterization of TS
 In the present study, the TS isolates (TA 
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and TV) were visually characterized on the basis of 
phenotypic characters like color of fungal colonies, 
shape and size of conidia, conidiophores as well as 
phialides were observed under microscope, which 
were in accordance to the report of Klyce et al. 
1984. In case of visual observations, isolates were 
primarily differentiated on the basis of colored 
colonies i.e. dark green and cottony whitish 
green colonies were probably assigned to TA and 
TV, respectively (Fig.1) and the same was as also 
reported by Vinale et al. (2008); and Shaiesta 
et al., (2012). The results of microscopic 
observations also found variation in colonies 
morphology (sporulating structures/spores), 
shape and size, arrangement of conidia, 
conidiophores and phialides that leads 
to the further differentiation of TS which 
agree well with the reporting of Rahel et al., 
(2014). Results are shown in Fig.2. In case 
of TA, conidiophores form regular branched 
structure (size 2.8µm x 3.0µm) while TV was 
observed as irregular branched structure (size 

2.6µm x 2.9µm). In the regular branched structure, 
the secondary branches are often paired and 
longest secondary branches being closer to the 
main axis which are coherent with the report of 
other researchers (Sheila et al., 2009; Gupta et 
al. 2014; Chandra et al., 2017). The differences 
in the structure of phialides were also observed 
for TA (with size 5.2µm x 3.1µm) and TV (with 
size 4.0µm x 2.6µm). The detail comparative 
observations between TS isolates (TA and TV) 
are given in Table 2. In past, of lot of work 
related to the classification of TS has been 
done by other researchers on the basis of 
morphological and or molecular features 
(Hermosa et al. 2000; Kullnig et al. 2000; Bissett 
et al. 2003; Samuels et al. 2006).
Molecular characterization of TS
 To further confirm the TS isolates at 
species level, next-generation genomic sequencing 
analysis of 18S rRNA (ITS 1 region) was performed. 
The ITS 1 region sequences of TS isolates TA and 
TV were submitted to NCBI nucleotide database 

Fig. 1. Growth of isolates (A) T. asperellum and (B) T. viride

Fig. 2. Microscopic observation of isolates of (A) T. asperellum and (B) T.viride; Where Cp- Conidiophores, P-Phialides 
and C-Conidia.
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(https://www.ncbi.nlm.nih.gov/nucleotide/) 
with accession number MK937669 (570 bp) and 
MK503705 (573 bp), respectively. Details were 
shown in Table 3. The BLASTN 2.9.0 similarity 
search program was used to find homologues 
sequences against the nucleotide collection (nt/nr) 
database at default parameters that confirmed the 
species level nucleotide similarity with the query 
sequence of the isolates. The query sequences 
(MK937669 and MK503705) of isolate TA and 
TV showed 97.16% and 99.82% identity with TA 
(MH013956) and TV of (JF304319), respectively. 
In a similar study, isolation and characterization 
of 96 TS strains including most common isolates 
(T. harzianum, T, spirale, T. virens, T. coningii, T. 
asperellum, T. atroviride, T. reesei, T. hamatum, T. 
viride and T. ghanense) at the species level by the 
sequence similarity search analysis of an ITS 1 and 
ITS 2 regions (Kubicek et al. 2003). In a subsequent 
study of molecular level characterization by 
Gherbawy et al. (2014), amongst 90 isolates taken 
from the soil of Taif city (Saudi Arabia), out of 
which 78 isolates were identified as TS. 
Optimization of TS growth parameters
 TS can be grown through in-vitro culture 
medium and identified by its green spore or by 
sweet smell owing to the presence of volatile 
compound (6-pentyl-a-pyrone) (Gupta et al., 

2014; Druzhinina et al., 2006), but different TS 
may have different optimal environmental 
conditions for proliferation and development. 
The environmental parameters such as nutrient 
components, pH and temperature can restrict 
their geographical distribution (Carreras-Villasenor 
et al. 2012). Therefore, present study optimized 
important process parameters of TS growth such 
as different media types, pH and temperature. The 
observations are discussed below. 
Effect of different media constituents 
 The effect of different media constituents 
as mentioned in Table 1 on growth of TA and TV 
were observed for 5 days after spot incubation 
at 28 ± 1°C. The visual growth (formation of 
spores) was observed after 3 days. On day 5, the 
maximum growth (radial growth and dry weight) 
was observed on PDA media constituents while 
the minimum was found on M9 agar media for 
both the TS (Fig. 3). However, the significant 
growth (radial growth and dry weight) variation 
with respect to different media constituents 
was observed amongst two species TA and TV 
estimated using two-way ANOVA (p-value < 0.05). 
Therefore, PDA media was considered as optimal 
media and used in the further studies. The above 
results were found to be in good agreement with 
the report of Farooq et al. (2005) and Mustafa et 
al. (2009), where PDA media was also considered 
as optimal media for growth same TS. In addition, 
present study also revealed that SDA media can 
also be used as alternate media for comparable 
growth of TA and TV. As studied by Lewis, growth 
of conidia requires nutrients such as nitrogen and 
carbon sources while chlamydospores and hyphae 
are not as much depends on exogenous media 
(Lewis et al., 1983). For instance, as reported by 
Anand and Reddy (2009), when malt was supplied 
in place of dextrose for carbon source, it supported 
the growth of various species of TS. 
Effect of pH
 The effect of different pH conditions 
ranging from 4.0-8.0 with interval of 0.5 on the 
mycelial growth (in terms of radial and dry weight) 
of the isolated TA and TV were observed. The 
maximum growth (both radial and dry weight) 
of TA was observed at pH 5.5 while in case TV 
it was obtained at pH 6.5 (Fig. 4). However, the 
significant growth (in terms of radial and dry 
weight) variation with respect to different pH 

Fig. 3. Radial growth of T. asperllum and T. viride on 
different media constituents.
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was observed amongst two species TA and TV 
estimated using two-way ANOVA (p-value < 
0.05). Similar observations related to growth of 
TS were obtained by Arfarita et al. (2013), where 
they reported that TS grow well in a wide range 
of pH i.e. 4.0–6.5, although maximum growth was 
observed at pH 5.5. The results of present study 
are also coherent with the report published by 
Jayaswal et al. (2003) with respect to optimal pH 
6.5 for TS growth. All the species like TA and TV 
isolated from soil sample were initially produced 
high biomass at pH 6.5 but slowly the preference 
was shifted to pH 6.0 when incubation time 

was increased. It was further observed that the 
growth and sporulation were decreased with 
either decreasing the pH below 4.5 or above 6.0 
respectively. However, further increasing the 
pH (above pH 6.0), the growth and sporulation 
reduced accordingly. At pH 8 and 8.5 the growth 
and sporulation was very poor. As reported by 
other research group working in the similar area, 
acidity of media also controls the growth of TS as 
the growth of mycelium from conidia was found 
more in acidic conditions (pH 3.7- 4.7) compared 
to alkaline. However, in vitro TS growth decreased 
in alkaline conditions are not supported by in situ 
observations (Anand and Reddy, 2009; Hamzah et 
al. 2012). For example, soil samples from Colombia 
(pH 8.1) and Colorado (pH 5.1) were found to have 
108 and 103 TS propagules/g of soil respectively 
(Kumar, 2013). 
Effect of Temperature 
 In the present study the growth of both 
TS with respect to effect of temperature was 
studied. The temperature was varied from 5-35°C 
with interval of 5°C was observed. The maximum 
growth (in term of radial growth) of both TS 
was observed at 25°C incubation temperature. 
However, the maximum growth (in term of dry 
weight) of both TS was observed at incubation 
temperature 30°C. At lower temperature (15°C), 
the growth (in term of radial) of TA was slightly 
lower than TV while at higher temperatures (25°C 
and 30°C) growth of TA was considerably higher 
as compare to TV. Although, the growth (in term 
of dry weight) of TA was slightly higher than the 
TV at optimal temperature (30°C) but less growth Fig. 4. Radial growth of T. asperllum and T. viride on 

different pH.

Table 2. A comparative observation (visual and microscopic) of isolates of TS (TA and TV) 

S. No. Characteristics        Observations

  Isolate 1 (TA) Isolate 2 (TV)

1 Colony color  Dark green  Cottony Whitish green 
2 Growth pattern Pigmented dark  dry  bulgy Pigmented light dark dry
   cottony   bulgy 
3 Mycelia Cottony white Transparent
4 Conidia  shape Mostly adjoining rings  Mostly single ring
5 Conidiophore    Regular branched  Irregular branched structure
 shape  structure(with size (with size 2.6 µm x 2.9 µm)
   2.8 µm x 3.0 µm) 
6 Phialide shape Conical flask  size 5.2 µm x Cylinder  flask4.0 µm x 2.6
   3.1µm    µm
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was observed at all other operating temperatures 
(Fig. 5). However, the significant growth (in terms 
of radial and dry weight) variation with respect 
to different temperature was observed amongst 
two species TA and TV estimated using two-way 
ANOVA (p-value < 0.05). The above results of 
present study were also supported by study 
conducted by Choi et al. (2003) where the optimal 
growth temperature of TS was obtained in the 
range of 27-30°C. However, Jayaswal et al. (2003) 
showed a high range of temperature tolerance 
for TV growth well between temperatures 20-
35°C. In general, study conducted by Contreras-
Cornejo et al. (2016) confirm that TS require 
growth temperature in the range of 25-30°C, 
however some species have different temperature 
requirements. For example, T. pseudokoningii is 

found to be most temperature tolerant species 
and can grow on high temperatures while TV is 
unable to grow above 28°C (Mukherjee et al., 
2016). 
Antagonistic activity of TS
 In the past, this dual culture technique 
has been also reported by number of researchers 
to investigate the effect of co-inhibion (Ashwin 
et al., 2012; Suresh et al., 2016; Prince et al., 
2011 and Sagarika et al., 2017 ). The antagonistic 
activity of TS was studied and it was found to 
be 77.666±4.509% inhibition with TA on CF 
(CF02 strain) while for TV, it was observed to be 
72.666±7.094% inhibition on CF (CF02 strain) at 
day 5. However, when compared with standard TS 
(MTCC167), it was observed to be 61.333±6.027% 
inhibition on CF (CF03 strain) at day 5. The results 

Table 3. Details of molecular characterization of TS isolates

S.No. Designated name Place and source GPS Species Accession No.  
 of isolate of collection location identified allotted by NCBI

1 TA Agricultural land 26.9368°N Trichoderma
  IIM Road Lucknow 80.9047° E asperllum MK937669
2 TV Agricultural land 26.9368° N Trichoderma MK503705   
  IIM Road Lucknow 80.9047° E viride

Fig. 5. Growth of T. asperllum and T. viride on different 
temperatures

clearly showed better antagonistic activity of 
isolated strains than the standard strain. The 
results were given in Fig 6. The results were 
found in accordance to the report of Suresh 
and Nelson (2016), where 6 fungal strains were 
studied against CF, out of which 2 strains of TS 
showed maximum inhibition of 0.7 and 0.9mm. 
In another study by Sangeetha et al (2009), also 
reported TS to be a potential BA against CF. 
Moreover, Gaurav et al. (2016) reported the 
maximum inhibition of mycelial growth of A. niger 
by 71.42% with T. harzianum. Recently, Ruano et 
al. (2018) conducted an antagonistic experiment 
with mixed uses of TS as an antagonist/chemical 
fungicide to evade the development of pathogenic 
fungus, where it effectively controls the white 
root rot disease on infected plants as compare 
with the chemical fungicide or the antagonist 
alone. The probable mechanism of antagonistic 
activity of TS in the present study might be due 
to two reasons viz. mycoparasitism or antibiosis 
induced systemic resistance (Mathys et al. 2012). 
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The ability of TS to attack other fungal species (in 
our case C. falcatum) by the synthesis of mixture of 
enzymes such as cellulases, chitinases, xylanases 
etc. that damage cell wal of the pathogen 
and utilizing its nutrients through ATP binding 
cassette called mycoparasitism (Atanasova et al. 
2013). Similarly, antibiosis is the ability of TS by 
damaging other fungal species by manufacturing 
secondary metabolites which includes volatile 
antibiotics, water-soluble compounds and 
peptaibols (Zeilinger et al. 2016).
Plant growth promoter activity of TS 
 The use of TS as plant growth promoter 
is an important aspect of this robustic fungus. 
In the present study plant growth promotors 
like IAA and PS was studied. It was found 
that maximum IAA production with 0.5% of 
L-tryptophan with 120.308±5.256µg/mL by 
TA and 130.101±8.995µg/mL by TV when 
compared to standard TS (MTCC167) with 
101.700±9.687µg/mL at 1.0% of L-tryptophan. 
This clearly indicates the better production of IAA 
by isolated strains than the standard. However, 
when PS was studied, it was found maximum 
at day 5 with 410.285±32.084µg/mL by TA and 

459.126±38.629µg/mL by TV. The standard TS 
(MTCC167) showed 322.216±23.066µg/mL at 
day 6. It is again proving to be better for isolated 
strains than the standard. The detailed results are 
given in Fig 7. When two-way ANOVA was applied 
between TA and TV, it was found to be significant 
with p-value< 0.05. It was found to be 0.0006 
for IAA production at different concentration 
of L-tryptophan used. When analyzed for PS 
p-value was found to be 0.0002. The results were 
in accordance with the report of Kumar et al 
(2017), where TV showed virtuous production of 
IAA with 115µg/mL at 0.5% L-tryptophan. Yadav 
et al., (2011) also reported production of IAA by 
means of different fungal isolates viz. T. harzianum 
(68µg/mL) and Aspergillus niger (85µg/mL) and 
Penicillium citrinum (52µg/mL) at 30°C and only 
for 3 days of incubation. However, the reports for 
PS were found to be in virtuous agreement with 
Kapri and Tewari (2010) where fourteen strains of 
TS were studied for PS as a potent plant growth 
promoter. Danilo et al (2017) also reported that 
16 isolates of TS as a potential PS and growth 
promoter in cherry tomato, where TA was found 
to be most effective.

Fig. 6. Antagonistic activity of TS against CF Fig. 7. Plant growth promoter activity of TS 
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CONCLUSION
 The nonstop co-evolution of fungal 
pathogens along with resistance developed in 
different emerging pathogens due to constant 
use of hazardous agrochemicals (fungicides) lead 
towards the development of multi-applicative and 
safe BA with PGP activity is very useful. The recent 
development in biotechnology offers promising 
aspects for the improvement of TS against various 
fungal pathogens because they exhibit very 
little effect on other non-targeted organisms. 
Conclusively, isolated Trichoderma species TA and 
TV could not completely inhibit the growth of red 
rot disease compare to agrochemicals but they 
are capable to manage the disease occurrence 
to a lesser level (more than 80%) without harm 
of the crops in addition with potential to provide 
growth supplements. It was further observed 
that the isolated strains TA and TV were better 
that the standard used. Additionally, they can be 
also utilized in a mixture containing traditional 
agrochemicals for more effective and quick red 
rot disease control. Besides, commercializations 
of Trichoderma species are cost-effective, simple 
to apply and safer for environment. Moreover, 
there is still scope to do more research work on 
isolation and use of new Trichoderma species as 
BA and PGP to develop more efficient and lucrative 
strategy for the benefits to consumers and agro-
industries. 
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