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Abstract
Twenty one isolates of Trichoderma spp. were isolated from the rhizosphere 
of chickpea were evaluated for salt and thermo tolerance, plant growth 
promoter and antagonists to Rhizoctonia bataticola causing dry root rot in 
chickpea. Eleven isolates (Tr5, Tr6, Tr8, Tr9, Tr10, Tr11, Tr13, Tr16, Tr17, 
Tr20 and Tr21) exhibited high antagonistic activity against R. bataticola 
(more that 70% inhibition of fungal growth). Our findings indicated significant 
correlation between plant growth promotion of chickpea and antagonism 
against dry root rot. Four isolates namely Tr11, Tr10, Tr20 & Tr13 showed 
more tolerance to salt having less than 60% reduction in growth at 10% 
NaCl. Eight isolates namely Tr20, Tr19, Tr17, Tr10, Tr11, Tr12, Tr13 and 
Tr9 were most thermotolerant with mycelium growth of more than 4cm at 
35°C compared to remaining isolates. Three isolates Tr11(Trichoderma 
afroharzianum), Tr13 (Trichoderma asperellum) and Tr20 (Trichoderma 
asperellum) were most promising having fungal antagonistic activity along 
with growth promoting parameters, salinity and thermo tolerance.
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Introduction
Plants are exposed to numerous abiotic stresses 
such as low temperature, drought, salt, heat, floods, 
oxidative stress and heavy metal toxicity throughout 
their life cycle. Amongst all this, salinity is the most 
typical abiotic stress.1 Salt stress is a significant 
growth restrictive element for most non-halophyte 
plants. The plant growth is ultimately abridged by 

salinity stress even though plant species diverge 
in their tolerance to salinity.2 Salt stress affects 
countless facets of plant metabolism and, as a result, 
growth and yield are suppresed. Surplus salt in the 
soil solution may unfavorably distress plant growth 
through whichever osmotic inhibition of water uptake 
by roots or definite ion effects.
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The zone exaggerated by salinity in the world shields 
about 400 million hectares, of which 54 million are 
found in South and Southeast Asia.3 In spite of the 
widespread collected works there is still a debate 
with respect to the mechanisms of salt tolerance 
to plants.4 This concern reflects an important fear 
within the agricultural sector and rural communities, 
of facing a strong decrease in soil fertility and 
productivity due high salinity resulting from sea 
intrusion. In saline soil, crop growth is severely 
restricted. Elevated levels of soil salinity can impede 
seed germination and seedling development, due 
to the collective consequences of high osmotic 
potential and specific ion toxicity.5 It is thought that 
the depressive effect of salinity on germination 
could be related to a decline in endogenous levels 
of hormones.6

However, incorporation of Trichoderma during seed 
bio priming treatments in many cereal and vegetable 
crops has resulted in increased levels of plant growth 
hormones and improved seed performance.7 Bio 
priming is a method of biological seed treatment that 
discusses amalgamation of seed hydration and seed 
inoculation with beneficial organisms to safeguard 
seed. The procedure aids seeds to uniformly 
germinate even under adversarial soil conditions.8 
Biocontrol agent, Trichoderma, releases a variety 
of compounds that induce resistance responses 
to biotic and abiotic stresses.9,10 Several studies 
have shown that root colonization by Trichoderma 
harzianum results in increased level of plant 
enzymes, including various peroxidase, chitinases, 
β-1,3-glucanases, lipoxygenase-pathway hydro 
peroxide lyase and compounds like phytoalexins 
and phenols to provide durable resistance against 
stress.11 Therefore, present research work aimed to 
find out the potential isolates of Trichoderma with 
high biocontrol potential and plant growth promotion 
ability by improving the soil quality.

Trichoderma species play an imperative role in 
salinity reduction; it has antimicrobial potential 
to colonize diverse substrates under different 
environmental conditions.12 The seed pretreatment 
with Trichoderma species upsurges indole-3-acetic 
acid (IAA) or 1-aminocyclopropane-1-carboxylate 
(ACC) contents in plants under stress and induces 
stress tolerance leading to an escalation in plant 
growth.13 The accretion of reactive oxygen species 

(ROS) is an illustrious consequence of salt stress. 
Plants develop scavenging mechanisms that include 
both enzymatic and non-enzymatic antioxidants 
to effectively mitigate the ROS damage. The 
major enzymatic systems for ROS scavenging 
mechanisms, superoxide dismutase (SOD), 
peroxidases (POD), and catalase (CAT), are also 
significant parameters for evaluating salt resistance 
in plants.14 These ROS scavenging mechanisms, 
interceded by antioxidant enzymes, are the first 
line of defense in contrast to salt stress and directly 
reflect the effects of salt stress on plants.15 To sustain 
the equilibrium between ROS development and 
interception and to alleviate the negative effects 
of salt stress on plant metabolism and growth, an 
effective antioxidant capability is crucial.

Material & Methods
Isolation of Biocontrol Agent from Rhizosphere 
soil  
From the rhizosphere of chickpeas (Cicer arietinum), 
76 soil samples were collected and 21 isolates of 
Trichoderma were recovered (Table 1). In order 
to isolate species, soil samples were dissolved in 
9 millilitres of sterilized distilled water and serially 
diluted in sterile Petri plates having sterile Potato 
Dextrose Agar (PDA) medium and Trichoderma 
specific medium (0.2 grams of MgSO4.7H2O, 0.9 
grams of K2HPO4, 0.15 grams of KCl, 3.0 grams of 
NH4NO3, 3.0 grams of glucose, 15 grams of Agar,  
0.15 grams of Rosebengal, 0.25 grams of 
Chloramphenicol, 1000 millilitres of Distilled water, 
pH-6.5).16 1% streptomycin added to the medium 
to prevent the growth of bacteria. For growth, the 
plates were maintained at 28 ± 1 °C. Every isolate 
of Trichoderma was sub cultured and kept in Potato 
Dextrose Medium (PDA) as a single spore pure 
culture. Microscope was used for morphological 
characterisation.17 In order to identify the species, 
the taxonomic and morphological keys supplied by 
Bisset.18,19 

Nucleic Acid Extraction, PCR Amplification 
Sequencing and DNA Analysis of Trichoderma 
Isolates
PCR and Sanger sequencing was used to amplify 
ITS region 1and 4 of the rRNA gene cluster, and 
the translation elongation factor 1-alpha (tef1), TEF 
728R (CAT CGA GAA GTT CGA GAA GG) & 986F 
(TAC TTG AAG GAA CCC TTA CC). 
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The raw sequence reads of ITS1 and ITS4, tef were 
checked for quality, trimmed, manually edited and 

assembled using CLC Genomics Workbench 7.5 
(CLCBio, Aarhus, Denmark). 

Table1: Trichoderma identified and submitted to NCBI having Accession number as follows

S. Area/  Rhizospheric Isolate Trichoderma ITS Gene TEF Gene
No District soil  identified

1. Rajoula chitrakoot,  Chickpea Tr1 Trichoderma OP938770 OP948258
 MP   asperellum
2. Rajoula chitrakoot, Chickpea Tr2 Trichoderma OP938771 OP948259
 MP   asperelloides
3. Badausa, UP Chickpea Tr3 Trichoderma OP938772 OP948260
    brevicompactum
4. Fatehpur roshami,  Pigeonpea Tr4 Trichoderma OP938773 OP948261
 UP   asperellum
5. Mangwada, unnao Chickpea Tr5 Trichoderma OP938774 OP948262
    harzianum
6. Chitrakoot Chickpea Tr6 Trichoderma OP938775 OP948263
    longibrachiatum
7. Footera(Orccha) Pigeonpea Tr7 Trichoderma OP938776 OP948264
 Jhansi, UP   asperellum
8. Footera(Jhansi) Chickpea Tr8 Trichoderma OP938777 OP948265
    asperellum
9. Naramau, Kanpur Pigeonpea Tr9 Trichoderma OP938778 OP948266
 , UP   longibrachiatum
10. IIPR, Kanpur, UP Chickpea Tr10 Trichoderma OP938779 OP948267
    longibrachiatum
11. IIPR, Kanpur, UP Chickpea Tr11 Trichoderma OP938780 OP948268
    afroharzianum
12. IIPR, Kanpur, UP Chickpea Tr12 Trichoderma OP938781 OP948269
    asperellum
13. Kanpur Chickpea Tr13 Trichoderma OP938782 OP948270
    asperellum
14. Kanpur Chickpea Tr14 Trichoderma OP938783 OP948271
    asperellum
15. Kanpur Chickpea Tr15 Trichoderma OP938784 OP948272
    asperellum
16. Kanpur Chickpea Tr16 Trichoderma OP938785 OP948273
    asperellum
17. Kanpur Chickpea Tr17 Trichoderma OP938786 OP948274
    asperellum
18. Kanpur Chickpea Tr18 Trichoderma OP938787 OP948275
    asperellum
19. Kanpur Chickpea Tr19 Trichoderma OP938788 OP948276
    asperellum
20. Kanpur Chickpea Tr20 Trichoderma OP938789 OP948277
    asperellum
21. Kanpur Chickpea Tr21 Trichoderma OP938790 OP948278
    asperellum
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The ITS sequences of the isolated Trichoderma 
isolates were aligned with the reference sequences 
of Trichoderma obtained from  NCBI database using 
Clustal W software and phylogenetic relationships 
were obtained.

Identification of Antagonistic Activity of 
Trichoderma Isolate
Using the binary culture method, the Trichoderma 
isolates were assessed for their antagonistic 
capability against R. bataticola in an in vitro setting.20 
Sterilized Petriplates with a 90 mm diameter, 20 
ml of sterilized PDA medium, and antagonists 
were injected at the periphery opposite each other. 
The plates were then incubated at 28±1°C. Plates 
injected with pathogens serve as the control. After 
the pathogen's development completely covered the 
plate, the binary culture Trichoderma spp. inoculation 
was evaluated. Using the following formula,21 the 
suppression impact of all Trichoderma spp. was 
assessed in terms of Percentage Inhibition in Radial 
Growth (PIRG) of R. bataticola. PIRG = R1- R2 x 
100% / R1 R1 = R. bataticola's radial development 
in the growth of R. bataticola in the presence of the 
Trichoderma isolates (treatment). The experiment 
was done in triplicate. 

Selection of Thermotolerant and Salinity Tolerant 
Trichoderma 
Effect of Temperature
Temperature plays an important role in articulating 
the activity of any biological system; it has great 
influence on radial growth and sporulation of 
Trichoderma. Temperature extensively affected 
the radial growth and sporulation of Trichoderma 
spp. The capability of Trichoderma spp. to grow at 
limiting temperature was evaluated by growing the 
cultures on PDA plates at different temperatures 
viz., 30, 35 and 40°C. For measuring the radial 
growth rate, 5 mm mycelial discs of Trichoderma 
spp. was inoculated on 90 mm potato dextrose 
agar plates. The plates were incubated at above 
mentioned temperatures and the radial growth was 
measured (mm) everyday up to 7 days of inoculation. 
Experiment was conducted in triplicates.

Effect of Salinity
For salt tolerance examination of Trichoderma 
isolates mycelial discs were sited on PDA medium 
supplemented with 5%, 10% and 15% NaCl, 
respectively and incubated at 28˚C for 7 days. Unit 

of existence was considered by assessing the colony 
growth of isolates on media. Three replicates for 
each concentration was used and PDA without NaCl 
used as control.22

Evaluation of Potential Trichoderma Strains 
on Seed Germination Test and Seedling Vigour 
Assay
An experiment was carried out to evaluate the 
ability of twenty one nominated effectual isolates 
on seed germination and confirmed for their plant 
growth promotion capability by the standard roll 
towel method.23 in a growth chamber. Trichoderma 
were grown in Potato Dextrose broth medium for 7 
days. Spore suspension was made by calculating 
optical density. Seeds of chickpea were surface 
sterilized for 5 min with 0.1% mercuric chloride, 
bathed with sterilized distilled water (SDW) and 
saturated in Trichoderma spore suspension (2×10 
8 cfu ml-1) using Tween 80 for 24h and sterilized 
Potato Dextrose broth served as control. Then blot 
dried chickpea seeds placed in wet blotters and 
incubated in growth chamber maintained at 28±20C 
and 95±3% Relative humidity. Ten replicates of each 
strain were designed. The percentage of germination 
was recorded at seventh day. Length of root and 
shoot of the seedling were measured separately at 7 
days.24 Plant growth promotion of chickpea seedling 
was evaluated using Vigour Index (VI). VI = per cent 
germination x mean total length of seedling (root 
length + shoot length).

Pot Evaluation of Trichoderma Isolates
The biocontrol potential of 21 Trichoderma isolates 
was further evaluated under field conditions during 
the growing season of 2021-2022. For pot evaluation, 
the trial was conducted in a completely randomized 
design with 22 treatments and three replications. 
All the Trichoderma isolates were multiplied on farm 
yard manure separately and used as inoculums in 
the field. Dose of Trichoderma application was 1kg 
FYM (6X 1 05 C .F. U) g-J was applied at the base 
of each plant. After three months various growth 
parameters like germination percentage, root length, 
shoot length, vigour index, no. of secondary roots, 
no. of internodes, chlorophyll, flavonoids etc was 
measured.

Statistical Analysis
The experiments were performed with three 
replicates. The analysis of variance (ANOVA) was 
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performed using OPSTAT software. Mean values 
among treatments were compared by the least 
significant difference using critical difference at 
95% level of confidence (p<0.05%). For graphical 
representations and descriptive statistical analysis, 
Microsoft Excel was used.

Results & Discussion
Evaluation of antagonistic effect of Trichoderma 
isolates against Rhizoctonia bataticola using dual 

culture tests showed that 11 isolates Tr5, Tr6, Tr8, 
Tr9, Tr10, Tr11, Tr13, Tr16, Tr17, Tr20 and Tr21 
reduced the mycelial growth of R. bataticola more 
than 70% (Fig1). Maximum mycelial inhibition was 
76.48% by isolate Tr17 and 75.85 % by Tr13. Ten 
isolates inhibited mycelial growth of R. bataticola 
more than 50% but less than 70%. The isolates 
overgrew on the R. bataticola colonies which had 
irregular morphology and were lysing indicating the 
incidence of strong mycoparasitism.25

Fig.1: Graphical presentation of percent inhibition of mycelial growth 
of R. bataticola by Trichoderma isolates

Salt and Temperature Tolerant Isolates of 
Trichoderma spp.
The inoculation of isolates on the PDA medium 
supplemented with 5, 10 and 15% NaCl. Seven 
days after incubation at 28°C, there was growth in 
all the isolates in medium supplemented with 5% 
NaCl whereas there was retardation in growth in all 
the isolated in the medium supplemented with 15% 
NaCl. The growth in medium supplemented with 
10% NaCl gave indication of salt tolerance. Less 
than 60% reduction in growth was observed in four 
isolates viz., Tr11, Tr10, Tr20 and Tr13. whereas 
reduction in growth between 60-80% was observed 
in 5 isolated, between 80-90% in 7 isolates, between 
90-95% in 5 isolates. Highly sensitive to salt were 
five isolates. (Table 2)

Temperature plays important role in growth and 
sporulation of Trichoderma spp. The growth was 
measured at three temperatures 30, 35 and 40°C. 
All the isolates grew well at 30°C, whereas the all 
the isolates failed to grow at 40°C. Therefore, the 
growth of isolates was taken into consideration for 
distinguishing thermotolerant isolates. Eight isolates 
namely Tr20, Tr19, Tr17, Tr10, Tr11, Tr12, Tr13 

Table 2: Salt Tolerance by Trichoderma isolates

Salt Tolerance perc reduction

 Tr11 ++++
 Tr10 ++++
 Tr20 ++++
 Tr13 ++++
 Tr17 +++
 Tr15 +++
 Tr14 +++
 Tr16 +++
 Tr12 +++
 Tr4 ++
 Tr6 ++
 Tr2 ++
 Tr1 ++
 Tr7 ++
 Tr21 ++
 Tr3 ++
 Tr9 +
 Tr18 +
 Tr5 +
 Tr19 +
 Tr5 +
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and Tr9 were most thermotolerant with mycelium 
growth of more than 4cm at 35°C. Seven isolates 
were having growth between 3-3.9 cm, seven 
isolates were having growth between 2-2.9cm, four 
isolates were having growth between 1-9 cm and 
only two isolates Tr7 and Tr8 were most sensitive 
to temperature having growth less than 1 cm at 
35°C. (Table 3)

Evaluation of Potential Trichoderma Strains 
on Seed Germination Test and Seedling Vigour 
Assay
The experiment was conducted to assess the 
influence of 21 selected efficient isolates on seed 
germination and tested for their plant growth 
promotion capacity by the standard roll towel 
method.23 in growth chamber. Trichoderma were 
grown in Potato Dextrose broth medium for 7 days. 
Spore suspension was made by calculating optical 
density. Chickpea seeds were surface sterilized 
for 5 min with 0.1% mercuric chloride, rinsed with 
sterilized distilled water (SDW) and soaked in 
Trichoderma spore suspension (2×10 8 cfu ml-1) 
using Tween 80 for 24h and sterile Potato Dextrose 
broth served as control. Then the seeds were blot 
dried, placed in wet blotter paper and incubated in 
growth chamber at 28±20C and 95±3% Relative 
humidity. Each treatment was replicated 10 times. 
The percentage of germination was recorded at 
seventh day. Seedlings were taken length of root and 
shoot measured separately at 7 days.24 Plant growth 
promotion of chickpea seedling was measured using 
Vigour Index (VI). VI = per cent germination x mean 
total length of seedling (root length + shoot length).

A lone treatment of seed or plants that might 
instantaneously converse resistance to biotic 
stresses (disease) and abiotic stresses would be 
of prominence to agricultural plant production. 
This report validates that seed treatments with 
Trichoderma spp. are proficient of assuaging abiotic 
and physiological stresses in seed and seedlings. 
A total of twenty one isolates were evaluated for 
growth promotion using paper towel method on 
chickpea wherein 08 strains were found effective for 
growth promotion of chickpea seedling. Tr17, Tr13, 
Tr10 and Tr20 were found most effective for growth 
promotion of chickpea.

Evaluation of Trichoderma isolates as Plant 
Growth Promoters under Pot Culture.
All the isolates of Trichoderma isolates were 
multiplied on farm yard manure separately for the 
plant growth under pot culture conditions. Dose of 
Trichoderma application was 1kg FYM (6X 1 05 C 
.F. U) g-J was applied at the base of each plant. 
After three months various growth parameters like 
germination percentage, root length, shoot length, 
vigour index, no. of secondary roots, chlorophyll, 

Table 3: Thermo tolerance by Trichoderma 
isolates

Thermotolerant

 Tr20 ++++
 Tr19 ++++
 Tr17 ++++
 Tr10 ++++
 Tr11 ++++
 Tr12 ++++
 Tr7 ++++
 Tr9 ++++
 Tr5 +++
 Tr14 +++
 Tr8 +++
 Tr21 +++
 Tr1 +++
 Tr16 +++
 Tr2 +++
 Tr6 ++
 Tr4 ++
 Tr18 ++
 Tr15 ++
 Tr3 +
 Tr13 +

Scale zone measured in mm
Salt Tolerance (Below 60= +++), (60-80= ++), (80-
90= +), ( 90<= -)
Thermo tolerance (>40= ++++), (30-39= +++), (20-
29= ++), (10-19= +), (<10= -)

Seed Biopriming
Bio priming is a method of biological seed treatment 
that discusses amalgamation of seed hydration 
and seed inoculation with beneficial organisms to 
safeguard seed.8 Biocontrol agent, Trichoderma, 
proclaims a diversity of compounds that persuade 
resistance responses to biotic and abiotic stresses.9,10



1148RATHORE et al., Curr. Agri. Res., Vol. 12(3) 1142-1152 (2024)

flavonoids etc were measured. The plant vigour was 
improved in all Trichoderma treated plants compared 
to control. However, more plant vigour was observed 
in plants treated with Trichoderma isolates Tr17, 
Tr13, Tr20, and Tr11. These isolates also improved 
significantly the secondary roots, fresh weight and 

vigour of the plants. Other parameter like Nitrogen 
Biological Index, chlorophyll content, flavonoids and 
SPAD were recorded. These parameters improved 
in Trichoderma treated plants compared to control 
plants. Based on these four parameters, above four 
isolates were also found most effective.

Table 4: Screening of potential plant growth promoting Trichoderma spp. for seedling 
growth in chickpea

Isolates Shoot Germination  Root Length No. of Secondary  Vigour
 Length(cm) Percentage (cm) Roots Index

Tr17 9.12 100 17.68 22 2680
Tr10 6.88 100 15.85 10 2273
Tr20 6.76 100 14.85 16 2161
Tr11 6.9 90 16.3 15 2088
Tr8 5.3 100 14.12 16 1942
Tr13 7.55 90 13.59 19 1902.6
Tr19 4.68 90 14.37 12 1714.5
Tr4 6.1 90 11.1 13 1548
Tr16 4.95 90 11.68 11 1496.7
Tr2 5.52 90 11.1 11 1495.8
Tr18 4.21 90 12.1 14 1467.9
Tr9 4.17 90 11.18 12 1381.5
Tr12 6.31 90 8.97 13 1375.2
Tr7 5.23 90 9.5 10 1325.7
Tr6 4.25 80 12.1 12 1308
Tr21 5.54 80 10.78 11 1305.6
Tr3 5.11 100 7.9 11 1301
Tr5 5.25 80 10.67 8 1273.6
Tr14 3.21 90 10.7 10 1251.9
Tr1 4.12 90 9.14 9 1193.4
Tr15 3.56 80 8.8 9 988.8
Control 5.65 90 8.75 11 1296

Table 5: Evaluation of Trichoderma as plant growth promoter under pot culture

Tricho Roots Shoot Secon Germi Vigour Fresh Nitrogen CHL FLAV Soil Plant
derma  (cm) s (cm) dary -nation  weigh Balance   Analysis
Isolates   Root   (Mean) Index   Develop
      cm     -ment

Tr17 12.00 32.67 22 60.0 38 40.22 46.10 28.00 22.12 34.50
Tr13 12.30 33.17 23 61.5 39 41.12 62.20 25.10 16.10 35.30
Tr20 14.60 28.07 21 73.0 41 45.04 34.00 32.70 34.00 59.10
Tr11 14.73 27.87 21 73.7 41 45.30 16.10 14.10 0.84 48.20
Tr10 15.10 26.13 21 75.5 41 45.62 31.40 33.60 4.20 25.20
Tr8 14.77 31.90 23 73.8 43 46.73 43.70 37.80 43.70 42.60
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Tr19 17.50 28.37 23 87.5 46 52.23 17.90 13.20 1.30 45.10
Tr4 9.02 31.53 20 45.1 32 32.55 28.30 25.30 28.30 10.20
Tr16 10.20 27.80 19 51.0 33 34.20 8.00 12.30 0.79 6.40
Tr12 9.73 27.93 19 48.7 32 33.10 45.45 23.20 54.30 26.00
Tr2 14.47 28.90 22 72.3 41 45.00 10.60 8.30 10.60 16.90
Tr3 9.40 24.90 17 47.0 30 31.28 52.60 21.40 0.41 51.10
Tr7 8.37 33.80 21 41.8 32 31.72 29.30 28.60 0.98 31.50
Tr5 15.47 22.30 19 77.3 40 45.24 43.10 18.20 43.10 56.80
Tr21 12.97 23.23 18 64.8 35 39.44 71.40 28.50 0.40 46.70
Tr6 10.00 27.33 19 50.0 32 33.56 44.10 24.70 0.56 49.30
Tr14 11.63 23.83 18 58.2 33 36.38 28.80 30.70 1.07 26.30
Tr15 15.03 21.63 18 75.2 38 43.96 30.00 27.80 30.00 48.90
Tr1 11.47 25.20 18 57.3 34 36.43 23.70 22.80 0.96 45.80
Tr9 13.53 19.87 17 67.7 35 39.70 35.80 28.50 0.80 63.30
Tr18 12.00 29.20 21 60.0 37 39.07 25.50 12.80 0.52 16.80
Control 9.00 18.33 14 45.0 26 28.11 30.40 14.60 2.50 19.30

Most Ascomycetes fungi which naturally exist have 
growth maximum at 30°C.26 to 35°C.27 Nevertheless 
in contrast to those, the present exploration 
has acknowledged particular thermotolerant 
Trichoderma isolates with highest growth rate at 
40°C. In many Trichoderma isolates growth was slow 
above 35°C and ceased at 40°C. In addition, many 
morphological variations were apparent at various 
temperatures. At 35°C, their colonies were abnormal 
with irregular margin and inadequate sporulation, 
while at 40°C they failed to sporulate even after 7 
days of incubation. Some isolates such as Tr20, 
Tr19, Tr17, Tr10, Tr11, Tr12, Tr7 and Tr9 sporulated 
at and above 40°C (Table 2).

The Trichoderma has an important role in metabolic 
course of action of host plants that could pass on 
salinity tolerance.28 NaCl affects the plant growth 
negatively.29,30 However, Trichoderma spp. found 
to mitigate the damaging effects of NaCl stress in 
chickpea. In the present investigation Trichoderma 
spp. showed a high range of NaCl tolerance. The 
highest tolerance was shown by Tr11, Tr10, Tr2 
and Tr13. It was observed that at 5% concentration 
of NaCl, growth and sporulation was good which 
corroborates with the findings of.31 in tomato. Growth 
was supported well but sporulation was poor at 10% 
concentration. At 15% concentration, the growth and 
sporulation was poor in all the isolates (Table 2).  
Use of the salt tolerant isolates of Trichoderma spp. 
could bring salt affected areas under cultivation with 
sustainable crop production.

In vitro testing of 21 isolates as bio this growth 
promotion has also been supported by improved 
germination and seedling vigour of chickpea with 
in vitro testing of 21 isolates of Trichoderma. Pot 
evaluation also indicated that growth parameters and 
the plant vigour was generally more in pots treated 
with Trichoderma isolate. 

The results of the current study exhibited that genetic 
diversity exists among isolates of Trichoderma 
under PCR-based genetic markers including ITS 
(Internal Transcribed Spacer) & TEF (Translation 
Elongation Factor). Several researchers have used 
to assess genetic diversity in Trichoderma spp.32 The 
genetic variability within 21 isolates of Trichoderma 
collected from different geographic locations and 
culture collections and their Phylogenetic analysis 
were done with the help of the sequence data 
obtained. Five species of Trichoderma isolates were 
identified by molecular methods which were further 
characterized into three main clades by sequence 
analysis.

Numerous researchers have described that the 
decomposition of plant’s litter reinforced higher 
colonization of microbes because of richness in 
nutrients.33 Several Trichoderma isolate were 
found to be the promising among all the tested 
parameters (Table 3). A large number of field trials 
are required to understand the biocontrol potential 
of Trichoderma as biocontrol agent for the control 
of disease and plant growth. Therefore, location 
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specific Trichoderma isolates would be beneficial 
to chickpea productivity both in terms of disease 
protection and increased productivity of chickpea. 
From this study, the Trichoderma isolates having 
multiple characters for biotic and abiotic resistance 
with plant growth promotion could be used for 
healthy crop production across the location where 
dry root rot pathogen causing yield loss in chickpea.

Conclusion
Overall, the findings of this study suggest that the 
selected Trichoderma isolates show promise as plant 
growth promoting and biocontrol agents against 
Rhizoctonia solani causing Dry root rot of chickpea
Our results provide a basis for future incorporation of 
biological control agents into management strategies 
to control
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