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Abstract In the current study we evaluated the produc-
tion of potential growth-promoting metabolites (IAA,
phosphate, siderophore) for 20 isolates of Trichoderma
collected from different geographical locations of
Chhattisgarh and assessed their growth response on
cucumber, bottle gourd and bitter gourd. All the
Trichoderma isolates were able to release inorganic
phosphorus from tri-calcium phosphate and showed
consistent ability to produce siderophores and indole-
3-acetic acid (IAA). The production of these metabolites
varied greatly within species. Using the same set of
isolates we evaluated the production of potential cell
wall degrading enzymes. Confrontation assays of
Trichoderma isolates against two soilborne plant patho-
gens (Scelrotium rolfsii and Rhizoctonia solani)
expressed varying degrees of antagonistic responses,
in-vitro antagonism being more effective against
R. solani than S. rolfsii. The production of metabolites
in all the Trichoderma isolates did not correlate with
enhanced growth on cucumber, bottle gourd and bitter
gourd, and bio control efficacy. However, one of the
Trichoderma viride isolate (T14) was identified as
highest producer of inorganic phosphate, IAA and

siderophore exhibited high antagonistic and plant
growth promoting ability. A characteristic aromatic
odour resembling coconut in T14 isolate was observed
which we speculate is due to 6-Pentyl pyrone (one of the
best studied secondary metabolites having both antifun-
gal and plant growth-promoting activities).
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Introduction

Fungi of the genus Trichoderma are soilborne, green-
spored filamentous-ascomycete that can be found all
over the world. Trichoderma species are highly oppor-
tunistic and have been isolated from a diverse range of
natural and artificial substrata, which shows their adapt-
ability to various ecological conditions (Druzhinina
et al. 2011, 2012). These fungi are successful colonizers
of their habitats and efficiently fight with their compet-
itors by launching their potential degradative machinery
for decomposition of the often heterogeneous substrates.
They have been studied with respect to their distribution
and phylogeny, defence mechanisms, beneficial as well
as deleterious interaction with hosts, enzyme production
and secretion, production of secondary metabolites and
antibiotics, sexual development etc. Trichoderma spe-
cies are some of the best studied fungal species which
are being developed as biocontrol agents commercially
(Schuster and Schmoll 2010). Some of the species of
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Trichoderma are endophytic and effectively colonize
the roots of most crops and promote plant growth in
the form of increased root density, enhanced nutrient
uptake, solubilisation of mineral ions, and induced de-
fence response against abiotic and biotic factors
(Harman 1992; Mastouri et al. 2010). Trichoderma
spp. play an important role in the three-way interaction
with the plant and the pathogen (Woo et al. 2006;
Shoresh et al. 2010; Viterbo and Horwitz 2010;
Hermosa et al. 2012). Trichoderma spp. are endophytic
plant symbionts that can also establish themselves in the
rhizosphere and are widely used as seed treatments to
control diseases and to enhance plant growth and yield
(Mastouri et al. 2010; Harman 2011).

Chhattisgarh in central India is divided into three agro-
climatic zones—the Northern Hills, the central
Chhattisgarh Plains and Bastar Plateau in the south.
Diversified crops and cropping systems are the typical
characteristics of Chhattisgarh. Popularly known as
“Rice bowl” of country, the state is rich in diversity of
biotic, abiotic as well as socio-economic condition,
which favour the cultivation of various horticultural
crops like vegetables (mostly creeper cucurbitaceous
gourds), temperate, tropical and high elevation fruits.
Cucurbits produce a vast array of novel bioactive mole-
cules serving as chemical defences against infection and
predation. The bitter gourd (Momordica charantia) is
used as curative plant for mental health disorders and
diabetic treatments. Among cucurbits, the bottle gourd
(Lagenaria siceraria) is the only plant which contains
highest choline level along with required metabolites/
precursors for brain function. Crisp and juicy, cucumbers
are the basis of a good pickle, but they are also commonly
eaten raw. Awarm weather vegetable, cucumbers have a
refreshing taste, low in calories and rich in a number of
nutrients, making them an excellent nutritional choice.

Sclerotium rolfsii is an economically important path-
ogen on numerous crops worldwide, and commonly
occurs in the tropics, subtropics, and other warm tem-
perate regions (Punja 1985). It has an extensive host
range; at least 500 species in 100 families are suscepti-
ble, the most common hosts are legumes, crucifers, and
cucurbits. Sheath blight caused by Rhizoctonia solani
Kühn is a major constraint (second only to rice blast) to
rice production, causing 5–10% yield losses in low land
tropical Asia. The pathogen has a wide host range and
can infect more than 32 plant families and 188 genera
(Srinivasachary et al. 2011), often infecting legume
crops grown in rotation with rice (Zou et al. 2000).

The objective of this study was to evaluate isolates of
Trichoderma collected from different geographical lo-
cations of Chhattisgarh for phenotypes associated with
bio-control efficacy, such as hydrolysis of chitin and
cellulose, siderophore production and their in vitro an-
tagonistic activity against two phytopathogens, S. rolfsii
and R. solani. These isolates were further screened for
their ability to stimulate plant growth promotion in
cucumber, bottle gourd and bitter gourd and traits or
parameters associated to growth (such as indole-3-acetic
acid, IAA production and phosphate solubilisation abil-
ity). Molecular profiling of the isolates was performed
using cleaved amplified polymorphic sequence analysis
of internal transcribed spacer (ITS) region.

Materials and methods

Fungal isolates

Twenty isolates of Trichoderma used in the present
investigation are listed in Table 1. The isolates are
maintained in the culture collections of the Department
of Plant Molecular Biology and Biotechnology, Indira
Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh,
India. Sclerotium rolfsii and Rhizoctonia solani used for
confrontation assay were isolated from rice plants with
symptoms of infection by these pathogens. Fungal cul-
tures were grown and maintained on potato dextrose
agar (PDA-Himedia) slants.

Chitinase activity and cellulose hydrolysis

Chitinase activity was detected using the medium and
method as developed byAgrawal andKotasthane (2012).
Chitinase detection medium consisted of a basal medium
comprising 0.3 g of MgSO4.7H2O, 3.0 g of (NH4)2SO4,
2.0 g of KH2PO4, 1.0 g of citric acid monohydrate, 15 g
of agar, 200 μl of Tween-80, 4.5 g of colloidal chitin and
0.15 g of bromocresol purple per litre; pH 4.7. Fresh
culture plugs of the isolates to be tested for chitinase
activity were inoculated into the medium petri plates
and incubated at 25±2 °C. Chitinase activity was identi-
fied due to the formation of purple coloured zone in the
inoculated medium. Observations were recorded for the
colour intensity and diameter of the purple coloured zone
until 3rd day after inoculation.

Cellulose hydrolysis by isolates of Trichoderma was
determined by using phosphoric acid swollen cellulose
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(PASC) as a substrate in Mandel and Weber’s medium
(Mandels et al. 1974) supplemented with Congo red.
Cellulase detection medium consisted of 7 g of PASC
(Phosphoric acid swollen cellulose), 0.3 g of
MgSO4.7H2O, 2.1 g of (NH4)2SO4, 2 g of KH2PO4,

1 g of CaCl2(fused), 0.5 g of Yeast extract, 5 mg of
FeSO4.7H2O, 156 mg of MnSO4.H2O, 1.40 mg of
ZnSO4.7H2O, 2.66 mg of CoCl2.6H2O, 0.1 %(v/v) of
Triton X-100, 15 g of Agar and 0.15 g of Congo red per
litre. The plates were inoculated with 5-mm agar plugs

from the edge of actively growing colonies of
Trichoderma and incubated at 28±2 °C for 3 days
f o l l ow ed by 18 h i n c u b a t i o n a t 5 0 °C .
Hypercellulolytic isolates were selected on the basis of
diameter of the colonies.

Quantitative assay for siderophore production

For the evaluation of siderophore production, chrome
azurol sulphonate (CAS) assay of Payne (1994) was

Table 1 Screening of Trichoderma isolates for chitinase activity, cellulose hydrolysis and siderophore production

Isoates Geographical locations of isolates Chitinase activity (mm) Cellulose hydrolysis (mm) Percent Siderophore Units

T. virens

N Rice field, Raipur 89.45a±0.78 23.00kl±1.41 86.77ef±0.33

T101b Kanker forest 71.55e±0.64 29.00f±1.41 86.32f±0.96

T. viride

T14 Rice field, Raipur 53.70 j±0.43 18.50°±0.71 91.06c±1.33

T17 Rice field, Raipur 79.40c±0.85 43.50d±0.71 92.31b±0.97

T. harzianum

T15 Mango plantation, Patan 40.85 m±0.22 24.00j±1.41 95.31a±0.98

T16 Rice field, Raipur 76.60d±0.57 56.50b±0.71 61.69k±0.44

T. aureoviride

T27 Telidabra, Amarkantak 90.00a±1.41 44.00d±1.41 88.66d±0.48

T29 Abhanpur 35.80°±0.28 26.00h±1.41 91.51bc±0.69

T114 Kodebor 29.00p±1.41 24.00 j±1.41 39.46l±0.76

T120 Kurdha 38.55 n±0.64 25.00 i±1.41 83.47g±0.76

Sec. Longibrachiatum

T1 Horticulture garden, IGKV, Raipur 81.90b±0.85 72.00a±1.41 77.33i±0.96

T7 Rice field, Raipur 56.45i±0.78 22.00mn±1.41 74.03j±1.38

T31 Abhanpur 43.60 l±0.57 25.50 hi±0.71 86.92ef±0.12

Sec. Pachybasium

T66 Pareshgaon, Jagdalpur 50.90k±0.141 22.50lm±0.71 81.57h±0.61

T73 Dhamtari road, Raipur 71.55e±0.636 30.00e±1.41 11.09m±1.29

T93 Jaisekara 63.75g±0.354 21.50n±0.71 91.96b±0.06

T110 Kirda 68.80f±0.28 19.00°±1.41 95.31a±0.98

T132 Purur 76.60d±0.57 23.50jk±0.71 87.27e±1.06

T158a Jagdalpur 67.80f±1.13 52.00c±1.41 88.66d±0.48

T174 VIP road, Raipur 61.05h±1.34 27.50g±0.71 86.92ef±0.10

Mean 62.37±17.7 31.45±14.1 79.88±20.24

R-square 0.999544 0.999698 0.999813

CV 0.879485 1.130077 0.502411

F-value 2190.45s 3303.29s 5350.44s

CV coefficient of variance

s = F-value is significant at P<alpha, 0.05; values after±represents standard deviation of mean; means followed by same letter are not
significantly different at P≤0.05 (Duncan’s test)
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followed. Four discs (5 mm) from the edge of actively
growing colonies of Trichoderma were inoculated to
20 ml potato dextrose broth (PDB-HiMedia) and incu-
bated for 3 days at 28±2 °C. The mycelial mats were
removed by centrifugation at 3000 rpm for 5 min. 0.5 ml
of the culture supernatant was then mixed with 0.5 ml
CAS solut ion and 10 μ l shut t l ing solut ion
(sulphosalicyclic acid). The colour obtained was deter-
mined using spectrophotometer at 630 nm after 20 min
of incubation. Similarly, a reference solution was pre-
pared bymixing PDB, CAS dye and shuttle solution and
absorbance was recorded. Uninoculated PDB served as
the blank and values of siderophore released in PDB
was expressed as percent siderophore units. It was cal-
culated using the formula: (Ar-As)/Ar×100 Ar; where Ar

is the absorbance of reference solution and As is the
absorbance of samples.

In vitro fungal growth inhibition assays (Confrontation
assay)

Dual culture confrontation assay was performed on
PDA plates as described by Dennis and Webster
(1971) to assess the ability of Trichoderma isolates to
overgrow and lyse the mycelia of two test plant patho-
gens, S. rolfsii and R. solani. Five mm agar plugs from
the edge of actively growing colonies of Trichoderma
and the pathogen respectively were placed approximate-
ly 7 cm opposite to each other and incubated at 28±2 °C
for 5 days. In vitro antagonistic potential of different
isolates of Trichoderma was assessed by calculating
percentage inhibition growth of pathogens in presence
of Trichoderma using the formula: (C-T)/C×100 where
C and T are radial growth of pathogen in control and in
presence of Trichoderma spp. respectively. Isolates were
also scored for degree of antagonism as per a scale of
classes 1–5 designated by Bell et al. (1982): 1 =
Trichoderma completely overgrew the pathogen and
covered the entire medium surface (>75 % inhibition);
2 = Trichoderma overgrew at least 2/3 of the medium
surface(50–75% inhibition); 3 = Trichoderma and path-
ogen each colonized approximately ½ of the medium
surface (more than 1/3 and less than 2/3), and neither
organism appeared to dominate the other (25–50 %
inhibition); 4 = the pathogen colonized at least 2/3 of
the medium surface and appeared to withstand en-
croachment by Trichoderma (<25 % inhibition); 5 =

the pathogen completely overgrew the Trichoderma
and covered the entire medium surface

Confrontation areas were observed under microscope
for coiling structures. Observation was recorded for
overgrowth of Trichoderma on the test fungi and for
the lysis of the mycelia. Microscopic observations were
performed at 100×magnification using Leica ATC 2000
binocular microscope and the selected specimen were
micro photographed digitally using COSLAB DCE-2
attachment.

Phosphate solubilisation ability

Qualitative screening of phosphate solubilising
Trichoderma was performed on Pikovskaya agar
medium (Himedia) containing tricalcium phosphate
as a phosphate source and bromocresol purple
(0.1 g l−1) as a pH indicator for acidification
(Vazquez et al. 2000). After incubation of actively
growing colonies of Trichoderma at 28±2 °C for
48 h, phosphate solubilising isolates turned the
media colour from purple to yellow in the zones
of acidification.

Quantitative estimation of phosphate solubilisation in
Pikovskaya broth (Himedia) was performed accord-
ing to the procedure of Jackson (1973). Freshly
grown Trichoderma isolates were inoculated to
50 ml of Pikovskaya’s broth and incubated at 28±
2 °C and 100 rpm. The amount of inorganic phos-
phate (Pi) released in the broth was estimated after
5 days of incubation in comparison with un-
inoculated control. The broth culture was centri-
fuged at 10,000 rpm for 10 min to separate the
supernatant from the mycelial growth and insoluble
phosphate. To the 0.5 ml of the culture supernatant,
5 ml of chloromolybdic acid was added and mixed
thoroughly. Volume was made up to 10 ml with
distilled water and 125 μl chlorostannous acid was
added to it. Immediately, the final volume was made
up to 25 ml with distilled water and mixed thor-
oughly. After 15 min, the blue colour developed was
read in a spectrophotometer at 610 nm using a
reagent blank. Corresponding amount of soluble
phosphorous was calculated from a standard curve
of potassium dihydrogen phosphate (KH2PO4).
Phosphate solubilizing activity was expressed in
terms of tricalcium phosphate solubilization which
in turn was measured by μg/ml of available
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orthophosphate as calibrated from the standard curve
of KH2PO4.

Quantification of indole-3-acetic acid (IAA) production

For the quantitative estimation of IAA, four agar plugs
(5 mm) from the edge of actively growing colonies of
Trichodermawere inoculated to 20 ml DF salts minimal
media (Dworkin and Foster 1958) in 100 ml conical
flasks and incubated for 3 days at 28±2 °C. The medium
was supplemented with L-tryptophan at a concentration
of 1.02 g/l. After incubation for 72 h, the mycelia were
removed from the culture medium by centrifugation at
5,000 rpm for 5 min. One ml aliquot of the supernatant
was mixed vigorously with 4 ml of Salkowski’s reagent
(Gordon and Weber 1951) and allowed to stand at room
temperature for 20 min. The absorbance at 535 nm was
measured with DF salts minimal media (plus
Salkowski’s reagent) as blank. The concentration of
IAA in each culture supernatant was determined using
an IAA (Himedia) standard curve.

Evaluation for plant growth promoting response

For seed treatment, Trichoderma spores were harvested
from 7-day old sporulating cultures of different isolates
and re-suspended in 20 ml of sterile distilled water
containing 0.5 %(w/v) carboxy methyl cellulose such
that the spore concentration was maintained to 108

conidia/ml. Seeds of bottle gourd (Lagenaria siceraria;
F1 hybrid from VNR seeds), cucumber (Cucumis

sativus; Local variety) and bitter gourd (Momordica
charantia; F1 hybrid from VNR seeds) were treated
with spore suspension for one hour.

Out of a total of 20 isolates, 12 Trichoderma isolates
(showing profuse sporulation on PDA) were selected to
evaluate the plant growth promotion activity. Treated
seeds were sown in pots containing autoclaved soil
under natural sunlight condition with regular irrigation
as per requirement (soil was not amended with any
fertilizer). Control seeds were treated with 0.5 % (w/v)
carboxy methyl cellulose prepared in sterile distilled
water. From different treatments seedlings were harvest-
ed 1 month after sowing and observations were recorded
for shoot length and root length for five plants per
treatment with three replications.

Estimation of chlorophyll content

Chlorophyll (total chlorophyll, Chlorophyll a and
Chlorophyll b) contents were determined by following
the method of Arnon (1949). Fresh fully opened leaves
harvested from apical portion of the plants (30 day old)
were cut into small pieces of which 100 mg from each
sample were homogenized in 80 % acetone and volume
was made up to 10 ml. Extract was centrifuged at
5000 rpm for 5 min and supernatant was transferred to
another tube and final volume of the extract was made
up to 20 ml. Absorbance of the extract was recorded at
645, 652 and 663 nm in a spectrophotometer with 80 %
acetone used as blank. Chlorophyll content was estimat-
ed using the formula:

Chlorophyll a ¼ 12:7 A663ð Þ – 2:69 A645ð Þ � V= 100 � w � að Þ mg=g r:wt:ð Þ
Chlorophyll b ¼ 22:9 A645ð Þ – 4:68 A663ð Þ � V= 100 � w � að Þ mg=g r:wt:ð Þ
Total Chlorophyll ¼ 27:8 A652ð Þ � V = 100 � w � að Þ mg=g r:wt:ð Þ

where, A = Absorbance at different wavelengths; V =
Final volume (20 ml); w = Fresh weight of the sample
(0.1 g); a = path length (1 cm)

Molecular profiling of Trichoderma isolates

DNA extraction

DNA extraction was performed by following the meth-
od of Agrawal and Kotasthane (2010a, 2010b). A

mycelial mat was homogenized to uniform consistency
in a re-suspension buffer containing 50 mM Tris–HCl,
10 mM EDTA at pH 7.5 and 1 % SDS. DNA was
extracted with 5 M potassium acetate solution (pH 4.8)
and chilled isopropanol followed by RNase (Bangalore
Genei, 10 mg/ml) treatment. Final precipitation of DNA
was done with ice cold absolute ethanol. The pelleted
DNAwas air dried and re-suspended in 100 μl of sterile
TE (10 mM Tris–HCl and 1 mM EDTA at pH 8.0)
buffer.
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Polymerase chain reaction (PCR), cleaved amplified
polymorphic sequence (CAPS) and cluster analysis

Amplification of the nuclear rRNA gene cluster from 20
isolates of Trichoderma containing internal transcribed
spacer (ITS1), ITS2, and the 5.8S rRNA gene was
performed using two different primer pairs: ITS4 (5′-
TCC TCC GCT TAT TGATAT GC-3′) - ITS5 (5′-GGA
AGTAAAAGTCGTAACAAGG-3′) (Miyazaki et al.
2009) and HjITS F (5′-AGC GGA GGG ATC ATT
ACC GAG TTT-3′) – HjITS R (5′-TCG CAT TTC
GCT GCG TTC TTC ATC-3′). Primers were commer-
cially synthesized from ILS (Imperial Life Sciences
limited). HjITS forward and reverse primers were de-
signed using Batch primer3 from EU280094 gene se-
quence of Hypocrea jecorina strain CIB T118 procured
from NCBI database. PCR amplification was performed
in a total volume of 20 μl and the reaction mixture
contained 1× assay buffer (10 mM Tris–HCl at pH 9.0,
50 mM KCl, 2.5 mM MgCl2), 0.1 mM dNTP mix,
0.5 μM both forward and reverse primers, 60–90 ng of
template DNA and 0.5 U Taq polymerase (Axygen) in a
Gradient Palm Cycler (Corbett Life Science, Sydney,
Australia). After a denaturation step for 3 min at 94 °C,
the amplification was carried out for 30 cycles. Each
cycle comprised of 1 min each of 94 °C, 55 °C (for
ITS4-ITS5) or 59 °C (for HjITSF- HjITSR) and 72 °C.
The final elongation step was extended to 7 min.

ITS4-ITS5 and HjITS F-HjITS R derived PCR
amplicons were subjected to CAPS analysis using
MspI (tetra cutter) and HinfI (penta cutter) (New
England Biolabs, Beverly, MA) of all the 20 isolates.
Twentyμl enzyme digestion reactionmixtures consisted
of 5 μl of PCR product, 1× enzyme specific buffer, 1×
bovine serum albumin and 0.5 U of enzymes which was
incubated at 37 °C for 1 h. The non digested and
digested PCR products along with 100 bp ladder (New
England Biolabs, Beverly, MA) were electrophoresed
on 5 % native polyacrylamide gel in 1× TBE (Tris
borate EDTA) electrophoresis buffer and visualized af-
ter silver staining.

Statistical analysis

The design of all phenotype assays and plant growth
experiments was a completely randomized block with
three replications per treatment. Data of all biochemical
tests and plant growth experiments (repeated twice)
were subsequently analyzed by ANOVA followed by

Duncan’s test using SAS PROC GLM program of SAS
9.2 software (Copyright 2002–2008 by SAS Institute
Inc., Cary, NC, USA). Duncan’s test controls the Type I
comparison wise error rate and as per Duncan’s group-
ing, means with the same letter are not significantly
different. Duncan’s test can be used irrespective of
whether F is significant or not and compares all possible
pairs of treatment means.

PCR characters were analyzed using NTSYS-pc
V2.2. For each primer pair as well as specific diges-
tion products the presence or absence of bands in each
isolate was visually scored and set in a binary matrix.
DNA fragments showing polymorphism were scored
as present (1) or absent (0) and used for statistical
analysis. Genetic similarities among the isolates were
determined based on the Jaccard’s coefficient. A den-
drogram was then constructed using the un-weighted
pair-group method of the arithmetic average
(UPGMA) with a SAHN module of NTSYS-pc V2.2
(Rohlf 2002). The statistical analysis was applied to
both individual and pooled data matrix of primers and
digested products.

Results

Chitinase activity and cellulose hydrolysis

Twenty isolates of Trichoderma screened for their
ability to hydrolyse chitin showed differential re-
sponse (Table 1). Chitin hydrolysis was significantly
higher for two isolates, viz. N (Trichoderma virens)
and T27 (Trichoderma aureoviride), than the remain-
ing isolates. The same set of Trichoderma isolates
showed variable response for cellulose hydrolysis on
Mandel and Weber’s medium supplemented with
PASC (Table 1). Isolate T1 belonging to section
Longibrachiatum exhibited highest cellulose hydro-
lysing ability (72 mm diameter). Five candidate
Trichoderma isolates, T17 (Trichoderma viride),
T16 (Trichoderma harzianum), T27 (T. aureoviride),
T1 (section Longibrachiatum), and T158a (section
Pachybasium), had dual enzymatic potential (high
chitinase and cellulase activity). It was also demon-
strated that there was variability between individual
isolates of the same species for chitinase and cellulose
production. There was incongruence between chitin
and cellulose hydrolysis of the isolates.
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Quantitative assay for siderophore production

Siderophore production by 20 Trichoderma isolates as
analysed using CAS assay ranged from 11.09 to
95.31 % (Table 1). Isolates T110 and T15 belonging to
section Pachybasium and T. harzianum respectively
showed the highest production in siderophore units at
95.31 % whereas isolate T73 (section Pachybasium)
showed the least 11.09 % siderophore units. Thirteen
out of twenty isolates showed siderophore production
above 85.00%. Fifteen isolates produced% siderophore
units ranging between 81.57 and 95.31 %.

In vitro fungal growth inhibition assays (Confrontation
assay)

Confrontation assays were performed using 20
Trichoderma isolates against two soilborne plant patho-
gens (S. rolfsii and R. solani) which showed varying
degrees of antagonistic response against both phyto-
pathogens. Growth inhibition ranged from 49.50 to
81.00 % and 60.50 to 100.00 % for S. rolfsii and
R. solani respectively (Table 2). More effective antago-
nistic response of Trichoderma isolates was observed
against R. solani than S. rolfsii on agar plates. In the
present study, Trichoderma isolates were considered to
be more effective and efficient antagonists towards
R. solani because, of the 20 isolates, 75 % shared class
1 and 25 % shared class 2 of the scale of antagonism.
However, only 20 % Trichoderma isolates fell into class
1 with S. rolfsii.

Isolates showing antagonism class 1 and 100 % in-
hibition against R. solani were T14 (T.viride), T15
(T.harzianum), T27, T29, T114, T120 (T. aureoviride)
and T101b (T. virens: 90 % inhibition). Isolates which
showed effective inhibition against the S. rolfsii were
T14 (T. viride), T101b (T. virens) and T66 (Sec.
Pachybasium). Isolate T66 was significantly more effi-
cient than all other isolates in suppressing linear growth
of S. rolfsii. Isolates T15, T16, T27, T114, T120, T73,
T93, T110, T158a & T174 showed the same level of
efficiency in suppressing the linear growth of S. rolfsii.
T. viride isolate T14 was significantly effective against
S. rolfsii as well as R. solani. However, isolates T1 and
T31 belonging to Sec. Longibrachiatum were poor an-
tagonists for both the phytopathogens. The degree of
antagonismwas not the same for particular Trichoderma
isolate with both the phytopathogens. For example,
T. aureoviride isolate showing 100 % apparent

inhibition against R. solani was poor against S. rolfsii
(only 56.05 % inhibition). Similarly, isolate T66 (Sec.
Pachybasium) which exhibited the maximum antago-
nism against S. rolfsii was not effective towards
R.solani. Results of present interaction signify that a
particular isolate of the antagonist may be highly effec-
tive against one phytopathogen (here R. solani) but may
have only minimal effect on other phytopathogen (here
S. rolfsii) and vice versa.

Selected cultures from pairings of the Trichoderma x
pathogen combinations were viewed microscopically to
determine state and fate of pathogen. In confrontation
assays with S. rolfsii (Fig. 1a), Trichoderma sp. does not
coil around S. rolfsii hyphae, but it recognises the host,
overgrows and lyses the mycelia of S. rolfsii. There
occurs disintegration of host cell wall and dissolution
of cytoplasmic contents (Fig. 1b1-3). The host cell is
also deprived of nutrition and space required for survival
due to overgrowth of Trichoderma. On the other hand,
confrontation of Trichoderma sp. with R. solani
(Fig. 2a) resulted in hyperparasitic coiling around the
hyphae of R. solani (Fig. 2b1-3). The mycelial tip of
Trichoderma ran parallel on to the mycelium of
R. solani and produced side branches at regular inter-
vals. These side branches were observed to grip the host
mycelia at several places. The appressoria-like penetrat-
ing structures were produced upon Rhizoctonia by
Trichoderma. At several targeted sites of penetration,
intense shining was clearly discernable. Such small
tapering branches effected penetration and direct entry
of Trichoderma hyphae into the lumen of the target
fungus resulting in dissolution of the cell walls.

Phosphate solubilisation ability

Each of the 20 isolates were capable of differentially
utilizing tri-calcium phosphate in both agar plate and
broth assays. Quantitative estimation of soluble phos-
phate concentrations in Pikovskaya’s broth was
expressed as μg/ml and it varied from 139 to
780 μg/ml. The lowest value was observed for
T. harzianum isolate T16 (139 μg/ml) and highest for
T. viride isolate T14 (780 μg/ml). All the rhizospheric
isolates of Trichoderma showed variable phosphate sol-
ubilizing potential with T14, T1, and N being the best P
solubilizers (Table 3). It was observed that the produc-
tion of various plant growth-promoting metabolites was
a characteristic of an individual isolate and is not
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consistent within any species of Trichoderma. No single
isolate was best for producing all the metabolites.

Quantification of indole-3-acetic acid (IAA) production

Production of IAA was evaluated for 20 isolates of
Trichoderma in culture medium amended with 1.02 g/l
of L-tryptophan as precursor molecule. Interpolation of
the spectrophotometer readings with standard curve
were used to quantify the amount of IAA produced by
different isolates of Trichoderma in the media which
ranged from 1.08 to 30.80 μg/ml (Table 3). Differential

production of IAAwas observed in different isolates of
the same species. For example, T. viride, T. aureoviride
and Section Longibrachiatum were represented by iso-
lates with widely varying abilities to produce IAA. A
significantly high amount of IAA was produced by
T. viride isolate T14 (30.80 μg/ml), whereas
T. aureoviride isolate T27 (0.818 μg/ml) was the lowest
producer. Trichoderma viride isolate T14 induced
highest plant growth promoting activity, and chloro-
phyll a, b and total content, when applied as seed treat-
ment to cucumber and bottle gourd. Isolate T15 and T16
(T. harzianum) were also identified as promising

Table 2 Invitro efficiency of
Trichoderma isolates in suppress-
ing linear growth of S. rolfsii and
R. solani

CV coefficient of variance

S = F-value is significant at P<-
alpha, 0.05; values after ± repre-
sents standard deviation of mean;
means followed by same letter are
not significantly different at P≤
0.05 (Duncan’s test)
aBased on Bell et al.(1982): 1 =
Trichoderma completely over-
grew the pathogen and covered
the entire medium surface
( >75 % i nh i b i t i o n ) ; 2 =
Trichoderma overgrew at least
2/3 of the medium surface(50–
75% inhibition); 3 = Trichoderma
and pathogen each colonized ap-
proximately ½ of the medium sur-
face (more than 1/3 and less than
2/3), and neither organism ap-
peared to dominate the other(25–
50 % inhibition); 4 = The patho-
gen colonized at least 2/3 of the
medium surface and appeared to
withstand encroachment by
Trichoderma (<25 % inhibition);
5 = The pathogen completely
overgrew the Trichoderma and
covered the entire medium
surface

Trichoderma Isolate Percent inhibition of Antagonism classa

S. rolfsii R. solani S. rolfsii R. solani

T. virens

N 62.86e±0.91 79.45d±0.79 2 1

T101b 76.74b±1.47 90.10b±1.70 1 1

T. viride

T14 72.61c±0.55 100.00a±0.00 2 1

T17 65.47d±1.46 75.72fg±1.81 2 1

T. harzianum

T15 62.86e±0.91 79.56d±0.95 2 1

T16 62.06e±1.34 78.00e±1.874 2 1

T. aureoviride

T27 63.11e±1.26 100.00a±0.00 2 1

T29 56.05f±0.88 100.00a±0.00 2 1

T114 62.28e±0.08 100.00a±0.00 2 1

T120 62.84e±0.87 100.00a±0.00 2 1

Sec. Longibrachiatum

T1 50.60g±0.85 68.39h±0.86 2 2

T7 56.28f±1.02 62.61i±0.55 2 2

T31 49.50g±0.86 60.50j±0.71 3 2

Sec. Pachybasium

T66 81.00a±1.41 68.34h±0.79 1 2

T73 62.86e±0.91 81.56c±0.63 2 1

T93 62.11e±0.16 68.16h±0.54 2 2

T110 62.78e±0.79 77.01ef±0.47 2 1

T132 66.06d±0.71 81.73c±0.88 2 1

T158a 62.12e±1.42 76.28fg±1.02 2 1

T174 57.28e±0.86 75.22g±1.10 2 1

Mean 62.87±7.40 81.13±12.75

R-square 0.994987 0.998993

CV 1.209577 0.723659

F-value 188.55s 942.65s
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producers of indole acetic acid 28.87 μg/ml and
24.34 μg/ml respectively. Trichoderma harzianum iso-
late T16 treated plants expressed highest chlorophyll a
and total chlorophyll content in bitter gourd. Isolate T15
was identified as high siderophore producer with plant
growth promotion activity. Efficacy of different isolates
of Trichoderma used in the present investigation to
produce IAA from L-tryptophan as a precursor varied
significantly. Trichoderma viride isolate T14 and
T. harzianum isolate T15 and T16 were identified as
the highest producer of IAA thus indicating their ability
to efficiently synthesize IAA from L-tryptophan as a
precursor in vitro.

Evaluation for plant growth promoting response

Efficacy of selected isolates of Trichoderma varied to
induce root and shoot length (Table 4; Fig. 3). Root
length was increased by 75, 25 and 92 % of
Trichoderma isolates in cucumber, bottle gourd and
bitter gourd respectively; whereas 42, 83 and 66 % of
Trichoderma isolates enhanced length of aerial parts in
cucumber, bottle gourd and bitter gourd respectively.
Trichoderma viride isolate T14 produced significantly
higher increase in root and shoot length on cucumber as
compared to control and other treatments. Trichoderma
viride isolate T14 also enhanced shoot length in bottle
gourd. T. aureoviride isolate T27 was responsible for
significant shoot development in bitter gourd, whereas
root length was enhanced by T. virens isolate T101b.
T. virens isolate N was identified as a positive inducer of
both shoot and root length for cucumber, bottle gourd
and bitter gourd. T. viride isolate T14 significantly en-
hanced shoot length of cucumber as well as bottle gourd
and served as a positive inducer of root length in cu-
cumber. Negative inducers were also identified in the
present study. For example, T. virens isolate T101b and
T. aureoviride isolate T29 reduced shoot and length in
cucumber and an apparent reduction in root length was
observed in T101b treated bottle gourd.

Fig. 1 a In vitro antagonistic activity of Trichoderma (T) on
S. rolfsii (Sr) carried out on a 90-mm PDA plate and observed 5
DAI; Petri plate has Trichodermea at the top and S. rolfsii at
bottom and b its microscopic observations; (B1) mycelia recogni-
tion of host (S. rolfsii) by Trichoderma as indicated by arrow
heads, (B2) growth of Trichoderma through S. rolfsii mycelia
and (B3) complete overgrowth of Trichoderma over S. rolfsii
depriving it of nutrition and space required for survival

�
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Estimation of chlorophyll content

Chlorophyll (Total chlorophyll, chl a and chl b) contents
as determined on freshly harvested leaves derived from
30 day old plants which were grown following seed
treatment with 12 different isolates of Trichoderma
(Table 5) showed variation. Total chlorophyll content
in cucumber ranged from 6.73 mg/g to 29.55 mg/g and
chlorophyll a and b ranged from 4.11 to 13.96 mg/g and
2.17 to 13.21 mg/g, respectively. Chlorophyll a, b and
total chlorophyll content for control plants was 5.31,
3.04 and 7.64 mg/g, respectively. T. viride T14 treated
plants measured highest chlorophyll a (13.96 mg/g), b
(13.21 mg/g) and total chlorophyll (29.55 mg/g) content
as compared to the control. Total chlorophyll content in
bottle gourd ranged from 11.52 mg/g to 24.13 mg/g.
Chlorophyll a and b ranged from 7.68 to 15.72 mg/g and
3.51 to 8.24mg/g, respectively. The chlorophyll a, b and
total chlorophyll content for control plants was 7.98,
3.51 and 11.52 mg/g, respectively. Trichoderma viride
T14 treated plants measured highest chlorophyll a, b and
total content as 15.72, 8.24 and 24.13 mg/g, respectively
as compared to chlorophyll content of control. Total
chlorophyll content in bitter gourd ranged from 10.46
to 19.40 mg/g. Chlorophyll a and b ranged from 5.36 to
13.28 mg/g and 4.03 to 6.23 mg/g, respectively.
Chlorophyll a, b and total chlorophyll content for con-
trol plants was 5.36, 4.39 and 11.43 mg/g, respectively.
T. harzianum T16 treated plants measured highest chlo-
rophyll a and total content as 13.28 and 19.40 mg/g, as
compared to the control. T. aureoviride T120 treated
plants measured highest chlorophyll b content as 6.23
as compared to the control.

Molecular profiling of Trichoderma isolates

PCR amplification of the ITS region of 5.8S rRNA gene
with primer ITS4 - ITS5 yielded an ITS fragment of
approximately 700 bp in length in all 20 isolates of
Trichoderma. No distinct inter- or intra-specific ITS
length diversity was detected. This is due to the fact that
the 5.8S rRNA gene is known to be highly conserved at

Fig. 2 a In vitro antagonistic activity of Trichoderma (T) on
R. solani (Rs) carried out on a 90-mm PDA plate and observed 5
DAI; Petri plate has Trichoderma at the top and R. solani at bottom
and b its microscopic observations; (B1) mycelia recognition of
host (R. solani) by Trichoderma, (B2) coiling of host mycelia by
Trichoderma, (B3) host cell rupture by Trichoderma resulting in
complete dissolution of R. solani mycelia

�
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genus level and this only confirmed that all the isolates
belonged to a single genus. However, digestion of ITS
amplicons with restriction endonucleases MspI and
HinfI revealed polymorphism in the ITS1-5.8S-ITS2
region (gel picture not shown). HinfI digestion of
ITS4-ITS5 amplicons produced three fragments of
305, 180 and 110 bp specific to isolates of Sec.

Longibrachiatum; two fragments of size 305 and
255 bp were specific for two T. virens isolates; frag-
ments of 310 and 250 bp were specific to overlapping
isolates T. harzianum and T. viride. Digestion of ITS4-
ITS5 amplicons with MspI enzyme produced two frag-
ments of sizes 300 & 110 bp specific for the three
isolates of Sec. Longibrachiatum, whereas 180 bp frag-
ment was specific to the two virens isolates. Digestion of
amplicons of HjITSF-HjITSR primers with HinfI pro-
duced 550, 500 and 180 bp bands specific to three
isolates of Sec. Longibrachiatum and fragments of 450
and 400 bp were observed specifically in two
T. harzianum isolates; whereas fragments of 490 and
460 bp were observed only in two T. virens isolates.
These specific ribosomal DNA restriction patterns gen-
erated by the enzymes were responsible for categorizing
and specifically differentiating most of the isolates of
Trichoderma. Individual binary data of restriction diges-
tion (MspI & HinfI) for ITS4-ITS5 and HjITSF-HjITSR
primers were used to obtain genetic similarity coeffi-
cients using the Jaccard algorithm. The same statistical
approach was repeated for the pooled data set from
bothprimers together.

Cluster analysis performed on the binary matrix de-
rived from CAPS analysis of ITS4-ITS5 primer based
amplicons with HinfI enzyme divided the 20 isolates
into four distinct clusters: Cluster 1 of three isolates of
Sec. Longibrachiatum (T1, T7 & T31), Cluster 2 of two
T. virens isolates (N & T101b), Cluster 3 consisted of
mixed groups of isolates of Sec Pachybasium (T66,
T73, T93, T110, T132, T158a & T174) and
T. aureoviride (T27, T29, T114 & T120), and Cluster
4 of overlapping T. harzianum and T. viride isolates
(T14, T15, T16 & T17). Clustering based on this den-
drogram was not able to discriminate isolates of Sec.
Pachybasium and T. aureoviride and the overlapping
nature of T. harzianum and T. viride could not be re-
solved (Fig. 4). However, cluster analysis performed on
the binary matrix derived from CAPS analysis of
HjITSF-HjITSR primer based amplicons with HinfI
enzyme could resolve overlapping isolates of
T. harzianum and T. viride into two separate groups
but could not different iate isolates of Sec.
Pachybasium from T. aureoviride (Fig. 5). Cluster anal-
ysis performed on the binary matrix derived from CAPS
analysis of ITS4-ITS5 primer based amplicons with
MspI enzyme also differentiated overlapping isolates
of T. harzianum and T. viride, but T. viride T14 isolate
was placed away from the other isolates (Fig. 6). Cluster

Table 3 Screening of Trichoderma isolates for phosphate
solubilisation and IAA production ability

Isolates PS P solubilized* (μg/ml) IAA produced (μg/ml)

T. virens

N + 526.50c±4.95 2.21jkl±0.42

T101b + 524.50c±4.95 5.50fgh±0.71

T. viride

T14 + 782.50a±3.54 30.80a±2.41

T17 + 292.00l±11.31 18.96d±2.89

T. harzianum

T15 + 266.50m±4.95 28.87 b±1.74

T16 + 142.00p±4.24 24.34 c±1.64

T. aureoviride

T27 + 495.50f±6.36 1.08l±0.37

T29 + 295.50l±7.78 6.56f±0.91

T114 + 357.00g±5.66 3.84hij±0.55

T120 + 304.00k±9.90 1.64kl±0.65

Sec. Longibrachiatum

T1 + 576.00b±8.49 1.65kl±0.66

T7 + 527.00c±7.07 10.47e±1.18

T31 + 333.50i±9.19 6.03g±0.68f

Sec. Pachybasium

T66 + 204.50°±9.19 2.97ijk±0.34

T73 + 519.50d±4.95 3.87hij±0.33

T93 + 256.50n±6.36 1.54kl±0.63

T110 + 260.00m±5.66 1.49kl±0.05

T132 + 327.00j±7.07 1.49kl±0.05

T158a + 339.00h±8.49 4.61ghi±0.74

T174 + 510.00e±7.07 2.38jkl±0.41

Mean 391.95 8.014

R-square 0.999913 0.996929

CV 0.530352 9.425896

F-value 11426.0s 323.23s

PS Phosphate solubilization, CV coefficient of variance

*inorganic Phosphate present in noninoculated control
Pikovskaya’s broth =29 μg/ml; s = F-value is significant at P<-
alpha, 0.05; values after ± represents standard deviation of mean;
means followed by same letter are not significantly different at P≤
0.05 (Duncan’s test)
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analysis performed on the binary matrix derived from
CAPS analysis of pooled data set from both primers
together further resolved the clustering, but was still
unable to clearly discriminate isolates of Sec.
Pachybasium and T. aureoviride (Fig. 7).

Discussion

Fungi belonging to the genus Trichoderma are well
known producers of cell-wall degrading enzymes and
used commercially as sources of these proteins (Harman

Table 4 Efficacy of different
Trichoderma spp. to induce shoot
and root growth in Cucumber,
Bottle gourd and Bitter gourd

values after ± represents standard
deviation of mean; means
followed by same letter are not
significantly different at P≤0.05
(Duncan’s test)

Root length (cm)

Treatment Cucumber Bottle gourd Bitter gourd

T. virens

N 44.74ab±1.75 28.74bc±1.68 25.45cde±1.86

T101b 21.68d±1.38 26.84c±6.65 29.92a±2.60

T. viride

T14 47.38a±5.42 37.35ab±6.91 18.21f±2.84

T17 35.89bcd±7.59 24.63c±2.39 26.31bcd±2.21

T. harzianum

T15 39.39bcd±1.16 28.47bc±5.95 27.42abcd±4.13

T16 39.01bcd±8.78 30.87abc±6.94 26.75abcd±4.90

T. aureoviride

T27 32.61bcd±3.68 37.44ab±6.42 24.71de±3.69

T29 24.70cd±20.66 38.92a±2.92 27.75abcd±2.72

T114 28.45bcd±2.12 31.67abc±1.26 27.51abcd±2.02

T120 42.81bc±1.99 27.05c±2.14 28.47abc±1.53

Sec. Pachybasium

T93 39.44bcd±2.53 31.48abc±2.12 28.83ab±2.64

T110 44.24ab±2.46 27.16c±2.14 25.58bcde±2.77

Control 31.84bcd±14.69 31.62abc±8.57 22.89e±0.78

Shoot length (cm)

Treatment Cucumber Bottle gourd Bitter gourd

T. virens

N 11.04bc±0.62 10.11d±0.93 14.89c±0.99

T101b 6.86e±0.74 8.09f±0.54 13.32de±0.87

T. viride

T14 24.06a±1.71 15.06a±0.40 11.46f±0.74

T17 10.13c±0.61 10.06d±0.96 13.32de±0.94

T. harzianum

T15 8.30d±0.66 9.71de±0.57 17.14b±1.19

T16 11.10bc±1.56 10.04d±1.18 11.32f±0.50

T. aureoviride

T27 6.95e±0.78 11.01c±0.78 20.20a±0.67

T29 4.09f±1.26 9.01e±0.68 15.42c±0.81

T114 10.08c±0.53 9.61de±0.86 11.83f±1.00

T120 11.91b±0.94 12.17b±1.16 17.15b±1.20

Sec. Pachybasium

T93 9.76c±1.00 11.06c±1.24 14.23cd±0.80

T110 11.07bc±0.38 11.07c±1.23 11.46f±0.76

Control 10.82bc±0.68 9.44de±0.09 12.17ef±0.89
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et al. 1993, 2008; Domingues et al. 2000; Kubicek
2013). Of all of the mycoparasitic Hypocrea/
Trichoderma species studied, the large holomorphic
species H. lixii/T. harzianum likely contains superior
chitinase-producing strains. Nagy et al. (2007) observed
that the superior chitinase producers may not necessarily
exhibit similarly increased cellulase formation and vice
versa. Similar observations were recorded in the present
work with T. virens isolates N and T101b and
T. aureoviride T27 which produced significantly high
chitinase activity but cellulose hydrolysis was low. This
justifies the fact that production of any metabolite or
biomolecule may be specific for certain individual or
strain within a species. Trichoderma isolates with high
enzymatic activity, in particular chitinase activity, are
the isolates of choice for their application as biological
control agent therefore screening procedures should in-
clude a more diverse population of a given species from
particular environment.

Normally, bacteria and fungi coexist with each other
in the rhizosphere soil and produce siderophore and
related compounds which are capable of sequestering
the available soluble iron (Becker et al. 1985; Johnson

2008). Dutta et al. (2006) studied production of
siderophores by nine different soil fungi and wood-
decay fungi following CAS-assay. Microbial
siderophores benefit the plants by increasing solubility
of otherwise unavailable ferric iron (Fe III) for plant
nutrition (Renshaw et al. 2002). In vitro production of
soluble forms of manganese, metallic zinc, calcium
phosphate and metabolites that reduce ferric iron (III)
to the ferrous form, which are readily assimilated by
plants, has been reported for T. harzianum strain T22 by
Altomare et al. (1999). Trichoderma siderophores are
not only the components of growth stimulation but are
also involved in control of plant pathogens (Anusuya
and Jayarajan 1998; Harman 2006; Woo et al. 2006).
Differential ability to produce a high affinity chelator for
Fe III may be responsible for the variability in
siderophore product ion as observed among
Trichoderma isolates in the current study.

The present study determined the potential antago-
nistic variation of isolates of Trichoderma to the two
pathogens. Similar results were reported by Bell et al.
(1982) in their antagonistic study of Trichoderma spp.
against six phytopathogens. They considered an isolate
of Trichoderma to be antagonist to the pathogen if the
mean score for a given comparision was ≤2, but not
highly antagonist if the number was ≥3. In-vitro study
measures the varying susceptibility of pathogens to
Trichoderma; however, it has been realized that
in vitro screening with the arbitrary rating system for a
biological antagonist effective against soil-borne plant
pathogens is a simplistic approach to understand a small
sector of biological system in disease control. The inter-
actions also suggest that it may be more prudent to
evaluate blends of antagonist isolates for wider applica-
tion against a greater number of phytopathogens. In
vitro assays may not be predictive of the potential an-
tagonist because pathogenicity of the phytopathogen or
inhibitory effect of the antagonist is strongly affected by
soil conditions and microenvironment, therefore simul-
taneous in vivo inhibition assays should also be
performed.

Mechanisms of mycoparasitism have been studied
with several model Trichoderma spp. which involve
lysis of host’s cell wall due to both physical as well as
enzymatic activity (Benítez et al. 1998). It was observed
that the mycoparasite drained out the host mycelia con-
tents thus leaving behind the empty host carcass
(Agrawal and Kotasthane 2010a, b). Mycelial growth
of Sclerotinia sclerotiorum (Kapil and Kapoor 2005;

Fig. 3 Enhanced plant growth response of T. viride isolate T14 on
cucumber as compared to control plant
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Lee and Wu 1984) was inhibited by metabolites pro-
duced by T. viride. Mukherjee et al. (2003) and Rawat

and Tewari (2011) reported that in contrast to hyperpar-
asitic coiling in R. solani, hyphal overgrowth occurs

Fig. 4 Dendrogram of 20
Trichoderma isolates generated
by binary matrix derived from
CAPS analysis of ITS4-5
amplicons with HinfI

Fig. 5 Dendrogram of 20
Trichoderma isolates generated
by binary matrix derived from
CAPS analysis of HjITSF-
HjITSR amplicons with HinfI
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during S. rolfsii interaction by Trichoderma sp..
Molecular mechanisms involving expression of

different enzymes, metabolites and differentiation be-
tween self versus non-self fungal cell-wall degradation

Fig. 6 Dendrogram of 20
Trichoderma isolates generated
by binary matrix derived from
CAPS analysis of ITS4-5
amplicons with MspI

Fig. 7 Dendrogram of 20
Trichoderma isolates generated
by binary matrix derived from
pooled data set of CAPS analysis
of ITS4-5 & HjITSF-HjITSR
amplicons with HinfI & MspI
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has been well documented and reviewed (Mukherjee
et al. 2012a, b; Baker et al. 2012; Gruber and Seidl-
Seiboth 2012). This opens new avenues towards under-
standing of the use and careful choice of these
necrotrophs as potential biocontrol agents to replace
chemical control agents.

Several metabolic factors such as phosphate
solubilisation, siderophore and auxin production may
be responsible for growth regulation in different agri-
cultural and vegetable crops. Raghothama (1999) re-
ported that phosphorus frequently is the least accessible
macronuntrient in many ecosystems and its low avail-
ability is often limiting to plant growth. In vitro phos-
phate solubilization efficacy of Trichoderma isolates as
performed on Pikovaskaya agar by acidification showed
positive results for all the 20 isolates tested in the current
study. However, acidification of the media indicated by
production of a yellow pigment was not necessarily an
effective indicator of phosphate solubilisation as report-
ed by Hoyos-Carvajal et al. (2009). Dunaitsev et al.
(2008) demonstrated Trichoderma spp. as promising
inducers of phosphate mobilization. The ability to re-
lease phosphorus from mineral raw materials can be
considered as promising producers of a biological prep-
aration of combined an operating bio-fungicide and
inducer of phosphate mobilization. Altomare et al.
(1999) observed that in the natural habitats, the phyto-
pathogens such as Pythium and Rhizoctonia can be
suppressed easily by the high competitive efficiency of
T. harzianum through P-uptake because the former are
unable to solubilize phosphates. Phosphate solubiliza-
tion potential may be an attribute contributing to bio-
control properties of Trichoderma.

Trichoderma spp. produce auxins that are able to
stimulate plant growth and root development. Auxins
are key hormones effecting plant growth and develop-
ment that can be produced by fungi in both symbiotic
and pathogenic interactions with plants (Gravel et al.
2007; Losane and Kumar 1992; Shayakhmetov 2001).
IAA produced by T. virens and T. atroviride were found
to stimulate the growth of Arabidopsis plants in vitro
(Contreras-Cornejo et al. 2009). Potential indole acetic
acid-producing isolate (T14) was identified in the cur-
rent study.

In this study Trichoderma isolates were evaluated for
their ability to stimulate growth in seeds of cucumber,
bottle gourd and bitter gourd wherein variable responses
were observed. It was observed that both positive and
negative inducers for root and shoot length can be found

in the isolates of single species. The present
investigation shows that use of any particular
Trichoderma sp. as a plant growth promoter cannot be
generalised for all the test materials. Tucci et al. (2011)
demonstrated the effects of the plant genetic background
on the outcome of the interaction between different
tomato lines and two biocontrol strains of T. atroviride
and T. harzianum. They observed that in at least one
tomato cultivar the Trichoderma treatment did not exert
any plant growth promotion effect and was even seen to
be detrimental. However, Trichoderma are multifunc-
tional plant symbionts responsible for enhanced nutrient
uptake, increased root and shoot growth, improved plant
vigour and biotic/abiotic stress tolerance (Inbar et al.
1994; Yedidia et al. 2001; Harman et al. 2008; Harman
2011). Several lines of evidence indicate that
Trichoderma induce phytohormones-like effect in the
treated plants which is responsible for root and shoot
development. Several auxin-like secondary metabolites
produced by Trichoderma strains were able to induce
plant growth and are required for development of lateral
roots in Arabidopsis (Contreras-Cornejo et al. 2009;
Vinale et al. 2008). Chlorophyll is an extremely impor-
tant biomolecule, critical in photosynthesis, which al-
lows plants to absorb energy from light. Variability was
observed in chlorophyll content of the three cucurbits
with different treatments.

Seed treatment with T. viride T14 induced compara-
tively larger effects similar to hormonal application for
plant growth promotion as compared to other isolates
used in the present investigation which was measurable
in terms of high chlorophyll content, indole acetic acid
production (29.09 μg/ml), phosphate solubilisation
(780 μg/ml) and siderophore production (90.12 %).
Apparent correlation between plant growth and metab-
olite production was observed for T. viride isolate T14.
T. viride isolate T14 in the present study had a charac-
teristic aromatic odour resembling coconut reported to
be produced commonly by strains of T. viride, and
sometimes also by T. atroviride (Kubicek and Harman
1998). 6-Pentyl pyrone (6-PP), the ‘coconut aroma’
volatile compound produced by Trichoderma spp., is
one of the best-studied secondary metabolites from a
biocontrol perspective having both antifungal and plant
growth-promoting activities. (Mukherjee et al. 2012a).
Vinale et al. (2008) reported an auxin-like effect in
etiolated pea stems when treated with harzianolide and
6-pentyl pyrone, the major secondary metabolites pro-
duced by different Trichoderma strains. Plant greenness
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is also increased by Trichoderma as observed in maize
by application of Trichoderma-T22 (Mastouri et al.
2010; Shoresh et al. 2010). Higher photosynthetic rates
and systemic increases in the uptake of CO2 in leaves
have been induced in maize due to rhizosphere coloni-
zation by T. virens (Vargas et al. 2009).We report here in
for the first time the growth response conducted on the
three cucurbits using native isolates of Trichoderma
which were collected from different geographical loca-
tions of Chhattisgarh.

Morphological descriptors of Trichoderma are often
confusing therefore molecular tools are employed for
identification. Size differences of the intact ITS1 frag-
ments can be used for distinguishing the strains into
groups that correspond to sections and clades (Lord
et al. 2002; Kindermann et al. 1998). Digestion patterns
of the intact ITS1 fragments can be obtained with re-
striction enzymes, and the advantage of using the diges-
tion patterns is that the differences of the ITS fragments
are more clear (Bulat et al. 1998; Lübeck et al. 1999,
2000). However, ribotyping must be used with caution
as the recognition site for the enzymes only requires one
base substitution in order to be lost. Elke et al. (1999)
and Latha et al. (2002) performed restriction analysis of
the amplified ITS1–5.8S–ITS2 region of the nuclear
ribosomal DNA for molecular profiling and reclassifi-
cation of Trichoderma spp. However, the overlapping in
species identification of strains was observed. This in-
tron has been used as a reliable phylogenetic marker for
Hypocrea/Trichoderma (Jaklitsch et al. 2006; Samuels
et al. 2006). Paz et al. (2010) used sequences of the
internal transcribed spacers 1 and 2 (ITS1 and ITS2) of
the rRNA gene cluster and the fourth intron of the
translation elongation factor 1-alpha-encoding gene
(tef1) to attribute three of their strains to the two
putatively new phylogenetic species Trichoderma
sp. O.Y. 14707 and Trichoderma sp. O.Y. 2407,
respectively. However, it is recommended that when
using heterogenous populations of Trichoderma, dif-
ferent phylogenetic markers such as ITS, tef1, cal,
RPB2 should be used simultaneously along with
TrichOKEY 2 for molecular profiling, in-situ diver-
sity studies and species identification (Friedl and
Druzhinina 2012).

It can be concluded that for the development of a
biological control program it is important to consider
together the interaction of the three components, plant-
Trichoderma-pathogen. Dramatic changes may be in-
duced by this beneficial fungus in the plant-microbial

community as a result of the mutual molecular dialogue,
occasionally establishing a positive interaction within
plant roots as an endophyte. Such association has sig-
nificant implications on the selection of specific strains
that can be used as bio-inculants to improve crop health
and productivity (Harman 2006; Woo et al. 2006;
Hermosa et al. 2012). In the present study, we identified
a potential Trichoderma isolate (T. viride T14) that
could stimulate growth in cucumber and bottle gourd
and act as antagonist against S. rolfsii and R. solani
under in-vitro conditions. However this research pro-
gram needs to be, and will be, further extended for
disease suppression studies under natural field
conditions.
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