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Biological control is an eco-friendly approach for the management of crop
diseases. Trichoderma isolate (Th azad), isolated from field soil is a new potential
local isolate identified as Trichoderma harzianum. Trichoderma isolate (Th Azad) was
tested against lentil wilt pathogen Fusarium oxysporum £. sp. lentis (Fol) for it’s abiotic
stress tolerance and its antagonistic potential both in vitro and in vivo conditions.
Th. Azad effectively inhibited the growth of Fol (69.23%) under in vitro and field
conditions against the seven seed quality attributes viz. germination, shoot length,
root length, seedling length, seedling dry weight, vigour index I and vigour index II.
Treatment (74 Azad+Vitavax) was found to be significantly superior and effective
as it has increased germination of lentil by 8.26% over control. Trichoderma isolate
(Th Azad) was identified by morphological and molecular characterization using 18S
rRNA gene sequence with the help of a universal Internal Transcribed Spacer (ITS)
marker that gives an amplicon of a total of 1173 base pairs that is later sequenced and
allotted with Gene Bank Accession no. JX119211. So, Th Azad is a potential abiotic
stress tolerant isolate and can be used for effective management of wilt disease with
quality yield of lentil crop when applied as seed dresser at a concentration of 5 g kg™!

under field conditions.

1. Introduction

Pulses play an important role in agriculture. Besides, being
rich in protein, it is also a source of atmospheric nitrogen to
soil. Lentil is the most important winter pulse crop of India
and has potential to cover the risk of dry land agriculture.
It is one of the oldest pulse crops with high nutritive value.
Besides, it also contains dietary fiber, vitamin B, and minerals.
Lentil is traditionally used as a common item in daily diet of
the people. Lentil is affected by biotic and abiotic constraints
(Bauske and Kirby, 1992) and various diseases may cause 30-
40% yield loss in lentil. Among the major diseases of lentil,
wilt is the most important one. The disease is caused by a soil
borne fungus Fusarium oxysporum f. sp. lentis. As there is no
effective fungicide or resistant variety for the management of
this disease, the farmers can not maintain the optimum plant
population in the field and the yield of the crop is drastically
reduced.

Seed treatment is an important aspect to obtain higher
germination and good quality seedlings (Verma and Kasera,
2008). In view of this, an experiment was carried out to study
the abiotic stress tolerance of 7. harzianum (Th Azad) and its

field bio efficacy in controlling wilt disease in lentil.

Trichoderma is an important bio-control agent against
several soil borne phytopathogens. They are free living rapid
growing fungi that are common in soil and root eco-system.
The fungi are exceptionally good model for bio-control more
importantly as bio-agent, which is accomplished by means of
mycoparasitism, antibiosis and competition. Diseases caused
by soil-borne phytopathogenic fungi pose serious threats to
yield of several crops worldwide (Punja, 1988). In biological
control of plant diseases use of specific microorganisms that
interfere with plant pathogens and pests, is a nature-friendly,
ecological approach to overcome the problems caused by
standard chemical methods of plant protection (Harman et al.,
1994; Harman et al., 2004). Major mechanisms involved in the
bio-control activity of Trichoderma spp. are competition for
space and nutrients, production of diffusible and/or volatile
antibiotics and hydrolytic enzymes like chitinase and B-1,
3-glucanase. These hydrolytic enzymes partially degrade the
pathogen cell wall and lead to its’ parasitization (Kubicek
et al., 2001). This process (mycoparasitism) limits growth
and activity of plant pathogenic fungi. Different species of
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Trichoderma have the potential to control soil-borne plant
pathogens more effectively than chemicals (Papavizas, 1985)
and they also exhibit plant-growth promoting activity (Kleifeld
and Chet, 1992; Harman and Bjorkman, 1998). They are
present in substantial quantity in nearly all agricultural soils and
in other environments such as decaying wood and their use is
only now being recognized world over as an alternative to plant
disease control. Thus, biological control has been exploited as
an alternative approach against the chemical control measures
in controlling plant pathogens and is currently accepted as a
key practice for sustainable agriculture as it is based on the
management of natural resources.

2. Materials and Methods

Experiments were conducted during 7abi 2013—14 crop season,
respectively in RBD with three replications. Freshly harvested
seeds of lentil (KLB-320) were sown in November during
crop season at student research farm of CSA University of
Agriculture and Technology, Kanpur, India.

2.1. Isolation and morphological identification of fungal
antagonist

Soil samples were collected from rhizospheric soil of lentil
crop from different places of Uttar Pradesh, India. Trichoderma
isolate was isolated and identified on PDA medium by serial
dilution plate technique as described by Johnson and Curl
(1972). Monoconidial (genetically pure single spore culture)
isolate of T. harzianum (Th Azad) was used (Table 1), which
was identified by slide mounting and microscopic observation
provided by Bissett (1991 a, b) that was later confirmed by
Indian Type Culture Collection, IARI, New Delhi.

2.2. Molecular identification

Pure culture of the target fungus was grown overnight in
liquid Potato Dextrose Broth medium for the isolation of
genomic DNA using a method described by Hiney et al.
(1992). Total genomic DNA was extracted from isolate of 7.
harzianum (Th-Azad) based on CTAB mini extraction method
of Crowhurst et al. (1995) with minor modification. Internal
Transcribed Spacer regions of the rDNA gene were used
for molecular identification. Two universal primers, ITS-1
(5'-TCCGTAGGTGAACCTGCGG-3") as forward primer
and ITS-4 (5'-TCCTCCGCTTATTGATATGC-3') as reverse
primer, were used for the molecular identification that gives
a uniform banding pattern for Trichoderma harzianum (Th

Azad) isolate. The PCR conditions are followed as described
by Shahid et al. (2014).

Sequence analysis of the sequenced gene was initiated with
the use of a similarity searching algorithm such as BLAST
(Basic Local Alignment Search tool). The database sequences
that were found to be ~90% similar to the test sequence were
selected as the best matching homologs and were then subjected
to a Multiple Sequence Alignment in the Clustal W program
(Thompson et al., 1994). Based on the multiple sequence
alignment of the selected sequence set, an evolutionary distance
matrix and a phylogenetic tree were then computed using the
Neighbor-Joining method. MEGA (Molecular Evolutionary
Genetics Analysis) version 4.0 was used for phylogenetic
and molecular evolutionary analyses (Tamura et al., 2007).
Thel8S rRNA gene sequence of the test strain was again
compared with a different set of sequence databases such as
small subunit ribosomal RNA (SSU rRNA) and large subunit
ribosomal RNA (LSU rRNA) using Ribosomal RNA BLAST
program (Cole et al., 2009). The annotated information for the
sequence in the database to which 18S rRNA aligns is used for
the fungal identification.

2.3. Isolation of fungal pathogen

The plant pathogenic fungus F. oxysporum f. sp. lentis was
originally isolated from the roots of naturally infected lentil
plants from a diseased experimental plot at the student research
farm of CSAUA&T, Kanpur, India. For this, the infected
roots were first surface sterilized with 0.5% (v/v) sodium
hypochlorite for 5 min and subsequently washed three times
with sterilized deionized water (Tanwar et al., 2013). The
root pieces were then plated on Potato Dextrose Agar (PDA)
(Hi-Media Laboratories Pvt. Ltd., Mumbai, India) medium
at 2542 °C for 2 weeks. Sub culturing was done with the
peripheral mycelium to get the pure culture. Identification of
Fusarium was done using the manual (Booth (1971) ; Leslie
and Summerell, 2006). It is further multiplied on PDA broth
with 1% agar for 1 week at 25+2 °C to obtain a concentration
of 1x10° colony forming units (cfu) ml!

2.4. Invitro screening of abiotic stress tolerance
2.4.1. High temperature tolerance

In vitro high temperature tolerance of 7/ Azad was determined
by a method described by Daniel et al., 2011. A 5 mm disc
of T. harzianum was inoculated on the potato dextrose agar

Table 1: Identification of potential strains of 7. harzianum (Th Azad)

Isolate  Name of bioagent ITCC acc. no Gen bank Strain code Source GPS location

no. accession no.

T, T harzianum 6796 KC800922 ThAzad  CSA Kanpur  Latitude: 25° 8" 34.821""
Nagar Longitude: 81° 59" 2.979""

K © 2016 PP House 824



International Journal of Bio-resource and Stress Management 2016, 7(4):823-831

(PDA) at pH 6.5 and incubated at 30 °C, 35 °C 40 °C, 45 °C
and 50 °C temperature. To check the impact of temperature
during growth and sporulation. Future climates will also be
affected by greater variability in temperature and increased
frequency of hot days. To adapt new bio-agent to the future
climate, we need to understand how 7/ Azad (7. harzianum)
respond to elevated temperatures and how tolerance to heat
can be improved (Halford, 2009). The results were recorded
based on growth and sporulation pattern compared to control
plates which were incubated at 30 °C temperature.

2.4.2. Salinity tolerance

In vitro screening of salinity tolerance, a 5 mm disc of T.
harzianum (Th Azad) was placed on 0.1, 0.50, 1.00, 1.50, and
2.0 M NaCl amended in PDA medium and incubated at 30 °C
for 5 days. Percentage reduction of growth in salt amended
media was calculated by using the formula (100xA-B/A),
where A is radial growth in control plate in ‘mm’ of the isolate
and B is radial growth in salt amended plate.

2.4.3. In vitro confrontation assays

In vitro mycoparasitism of 7. harzianum (Th Azad) against
test phytopathogen Fusarium oxysporum f. sp. lentis was
determined by dual culture technique described by Morton
and Stroube (1955). A disc of 5 mm diameter was made from
7 days old culture of 7. harzianum placed at one point leaving
1 cm distance from the periphery of one side of PDA Petri
plate and on the opposite site, a disc (5 mm dia.) of Fusarium
oxysporum f. sp. lentil placed separately. Plate was kept without
antagonist and it was served as control. These Petri plates were
incubated at 30 °C for 7 days. Three replications were kept
for each treatment (Table 3). Observations on colony growth
were recorded and percent inhibition was measured by using
the formula as described above.

2.4.4. Invitro seed treatment

Freshly harvested seeds of lentil (KLB-320) were procured
from the seed processing plant of CSA University of
Agriculture & Technology, Kanpur. One hundred seeds
were counted and weighed to apply the recommended dose
of insecticide, pesticide, formulation of bio-control agent
and bio-fertilizer into 3 replications. The test included
four treatment base materials viz., one bio-control agent
(T. harzianum @ 4 g kg'-T)), one fungicide (Vitavax @
2 g kg'seed-T,), one insecticide (Chloropyriphos 20 EC
@ 8 ml kg seed -T,), and one bio-fertilizer Rhizobium
culture (30 g kg seed -T,). Eleven treatments of different
combination of base materials (7. harzianum+Vitavax -T), (T.
harzianum~+Chloropyriphos -T\), (T harzianum+Rhizobium
culture-T.), (Vitavax+Chloropyriphos-T,, (Vitavax+Rhizobium
culture-T,), (Chloropyriphos+Rhizobium culture-T ), (T.
harzianum+Vitavax+Chlorpyriphos-T ), (T. harzianum

+Vitavax+Rhizobium culture-T ), (T. harzianum+Chlor
opyriphos+Rhizobium culture-T ,), (Vitavax+Chloropyr
iphos+Rhizobium culture-T ), (T. harzianum+Vitavax+
hloropyriphos+Rhizobium culture-T ;) and one without any
seed treatment served as control (T, ). All the treatments were
tested as dry seed treatment method (Nene and Thaaliyal,
1977), with the help of paper towel method (Shailbala and
Tripathi, 2004; Singh et al., 2013). The treated seeds were
subjected to assess the germination and vigour as per the
procedure recommended by ISTA at laboratory of Dept. of
Seeds Science & Technology, CSAUA&T, Kanpur, India.

Two recommended methods viz., germination %Xxseedling
length for vigour index I (Abdul Baki and Anderson, 1973)
and germinationxdry weight for vigour index-II was adopted
during the course of investigation. According to ISTA these
parameters are required for the conformation of our study.

2.5. Field experimental design and seed treatment

A field trial was conducted in a randomized block design (5%5
m?) with one lentil cultivar (KLB-320) at student research farm
of CSAUA&T, Kanpur, India. The sick plot was inoculated
with inoculum of Fusarium oxysporum f. sp. lentis. For field
experiment, seeds were treated and sown in plots 5x15 cm?
spacing. Germination was recorded 10 days after sowing
(DAS). The wilt incidence was recorded after one month of
sowing at 15 days interval till harvest. After maturity, dry
weight of the plants and grain yield kg ha! were recorded.

3. Results and Discussion

3.1. Morphological description

Morphology of Trichoderma harzianum (Th Azad) is a key
identification characteristic such as colony morphology, colony
colour, growth pattern and speed along with morphology of
conidia and phialids, conidia colour, shape and size of conidia
and phialids etc., as reported in Table 2 and Figure 1.

3.2. Molecular description

Rapid identification of microorganisms is necessary in the
pathological laboratory to take decision for preparation
of bio-formulation. The rRNA based analysis is a central
method in pathology used not only to explore microbial
diversity but also to identify new strains. The genomic DNA
was extracted from isolated fungal isolate Trichoderma
harzianum (Th Azad) and universal ITS-1 Forward primers
5’AGAGTTTGATCCTGGCTCAG3’ and ITS-4 Reverse
primers S’GGTTACCTTGTTACGACTT3’ was used for the
amplification and sequencing of the 18S rRNA gene fragment
(Singh et al., 2014). A total of 546 bp (Figure 2) of the 18S
rRNA gene was sequenced and used for the identification
of isolated fungal strain. Comparison of test isolates against
known sequences of SSU rRNA and LSU rRNA databases
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Table 2: Morphological descriptors of Trichoderma harzianum (Th Azad)

Name Colony Colony Reverse Colony Mycelial Mycelial Conid- Conid- Conidial Co- Chlaymy-

ofiso- growthrate colour colour edge form colour  iation iophore  wall nidial dospore

late (cm day™) branching colour

T har- 89in3 Dark  Colour Wavy Flocoseto Watery Ring  Highly = Smooth  Dark not

zianum days green less Arachnoid  white like  branched, green  observed
zones  regular

Figure 1: T harzianum (Th Azad); a: Growth on PDA medium; b: Microscopic observation on 40X; c: Scanning electron

micrographs of 7. harzianum spores

~550 bp

Figure 2: Amplified gene fragment with ITS Marker where, M
denotes the marker, 7% Azad denote the species 7. harzianum
(Th Azad)

showed that the gene sequence of isolates has more than 90%
sequence similarity (Score= 546 bits, Expect = 0.0) with 18S
rRNA gene sequence of 7 hrazianum (Th Azad). (Genbank
Acc. Nos.: KC800922).

Bio-control agent 7. harzianum (Th Azad) has attained
importance for substitute of chemical pesticides and hence an

attempt was intended to corroborate the positive relatedness
of molecular and morphological characters. The universal ITS
primers were used for amplification of the 18S gene fragment
and strain characterized by using 18S rRNA gene sequence
with the help of ITS marker (Shahid et al., 2014).

3.3. High temperature tolerance

High temperature tolerance is one of the important physiological
adjustments in microbial growth, sporulation and antagonistic
activity of the isolate of 7. harzianum (Th Azad) against
Fusarium oxysporum f. sp. lentis. At 30 °C, 1x10°cfu g were
observed which declined to 1.2x10% cfu g' at 40 °C and 107
cfu g'at45 °C and 50 °C (Figure 3).

1.4. Salinity tolerance

The antagonistic potential of salinity tolerant 7. harzianum (Th
Azad) isolate against Fusarium oxysporum f. sp. lentis
(Fol) was tested, along with their capability to induce relative
salt stress tolerance to exploit their use as biological agents
in reducing deleterious effects of salinity and controlling
Fusarium wilt of lentil under saline soil conditions. Under
laboratory conditions, growth decreased significantly with
increase in salt concentration in the medium (Daniel et al.,
2011). When compared to control plate, 0.1 M salt added
medium had 94% growth followed by 0.5 M (89.2%), 1.0 M
(60.%), 1.5M (34.2%) growth was observed and at 2 M salt
concentration growth was completely inhibited (Figure 4).
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Figure 3: Temperature tolerance of 7. harzianum (Th Azad)

Salinity is one of the most widespread constraints to soil fertility
(Khan et al., 2001). Preliminary investigations (Kredics et al.,
2000) proved that salt stress had significant detrimental effects
towards growth, sporulation and antagonistic activity of the
wild type isolate of T° harzianum against Fusarium oxysporum.

3.5. In vitro confrontation assays

Eco-friendly management of the disease from bio-agents
T. harzianum (Th Azad) against Fusarium oxysporum f. sp.
lentis was carried out by adopting dual culture technique.
The results are interpreted in terms of per cent inhibition
over the fungal growth of control and data revealed that T.
harzianum (Th Azad) suppressed the radial growth of Fusarium
oxysporum f. sp. lentis (69.23%) significantly. Trichoderma
species differentially limited the colonical growth of the
pathogen, overgrew the pathogen colony and produced yellow
pigment. Microscopically, the hyphal interaction indicated that
antagonistic hyphae coiled around the hyphae of pathogen,

100%
90%
80%

£70%

560%
50%
540%

230%
20%
10%

0% T T T T
0.1 0.5 1 1.5 2

Salt concentration (Mol.Lit-1)
Figure 4: Salinity Tolerance of 7. harzianum (Th Azad

A\

>

x

denatured the mycelia and finally killed them (Dolatabadi et
al., 2012). Trichoderma species either formed hook or bunch
like structures around the hyphae of Fol before penetration, or
sometimes entered them directly (Figure 5a and b, Table 3).

In order to survive and compete, Trichoderma produces a
wide variety of toxic and antibiotic metabolites that are active
against plant pathogens, such as trichodermin, trichodermol,
harzianum A, harzianolide, T39 butenolide, terpenes and
polypeptides (Lorito et al. 1994; Nakkeeran et al., 2002;

Table 3: In vitro % inhibition of Fusarium oxysporum f. sp.
lentis in presence of bio agent (7h Azad)

Treatment Radial growth (mm) % inhibition
(Fol)

Fol+Th Azad 12.0 69.23

Control 39.0 00.00

CD (p=0.05) 2.97

Figure 5: Plate confrontation test of 7. harzianum against Fusarium oxysporum f. sp lentis
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Sivasithamparam and Ghisalberti, 1998; Vinale et al., 2008;
Andrabi et al., 2011) and extracellular hydrolytic enzymes
(Thrane et al., 2000) which were involved in the inhibition,
competition, and mycoparasitism of phytopathogenic fungi.
In this regard, our results support these findings by showing
that 7. harzianum (Th Azad) produced a good percentage of
antibiosis during the antagonistic and competitive growth
which restricted establishment, hyphal growth, and sporulation
of the pathogen F. oxysporum on agar plates.

3.6. Invitro seed treatment

Trichoderma spp. is endophytic plant symbionts that are
widely used as seed treatments to control diseases and to
enhance plant growth and yield. The experimental results of
different seed treatments in lentil revealed significant different
responses against all the seven seed quality attributes viz.
germination, shoot length, root length, seedling length, seedling
dry weight, vigour index I and vigour index II (Table 4). T.
harzianum+vitavax-T, was found to be significantly superior
and effective in increasing 14.67% more germination of
lentil variety KLB 320 from control followed by T, (99%),
T,(97.66%), T, (96.0%), T, (95%) and T,, (84.33%) (Shukla
et al., 2008) similarly the beneficial impact of seed treatment
was also recorded for root length, shoot length, seedling length
and dry weight vigour index-I and vigour index-II in which T,

treatment (7. harzianum+Vitavax) excelled overall significant
superior performance by contributing 1.90 cm, 6.99 cm, 7.89
cm, 0.85 mg, 781.11 and 84.15, respectively followed by T2
treatment (Vitavax) for all these physiological attributes by
contributing 1.90 cm, 5.41 cm, 7.31 cm, 0.76 mg, 711.48 and
73.90 as root length, shoot length, seedling length, dry weight,
vigour index-I and vigour index-II respectively.

3.7. In vivo seed treatment

The treated seeds were subjected to assess the germination,
plant death on different dates, plant survival and yield plant’
during rabi season of 2012—13. The observation on the
number of plants dead and the average yield was recorded
at 10 days interval starting after the 30 days of the sowing.
The experimental results of different seed treatments in
lentil revealed significant different responses against all
the four seed quality attributes (Table 5). T, treatment (T.
harzianum+Vitavax) was found to be significantly superior and
effective in increasing 16.6% more germination from control
followed by T, (76%) and T, (75%). Similarly, the impact of
seed treatment was also recorded for plant survival where T,
(Vitavax) and T, (T. harzianum+Vitavax) treatments excelled
(both 73.66%) over all other treatments followed by T, and
T, Treatments (both 71%). Similarly, the average yield was
obtained maximum (4.16 g plant™) in case of T, treatment (7.

Table 4: In vitro effect of seed treatments on lentil seeds

T.  Treatment Germi-nation  Root Shoot Seedling  Dry  Vigour Vigour
no. A length length  length  weight index I index II
(cm)  (cm) (cm) (mg)
T, T harzianum (Th Azad) 96.00 1.50  5.28 6.78 0.75 650.00 72.00
T,  Vitavax 97.33 1.90 541 7.31 0.76 ~ 711.48  73.90
T,  Chlorpyriphos 85.00 1.00  4.48 5.48 0.64 4658 5440
T,  Rhizobium 92.00 1.00  4.03 5.03 0.61 46276  56.12
T, T harzianum+Vitavax 99.00 1.90  6.99 7.89 0.85 781.11 84.15
T, T harzianum-+Chlorpyriphos 92.33 1.27  5.05 6.32 0.74 581.44 068.32
T, T harzianum+Rhizobium 90.66 1.50  5.12 6.62 0.65 600.16  58.92
T,  Vitavax+Chlorpyriphos 92.66 1.30 496 6.26 0.70  500.05 64.86
T,  Vitavax+Rhizobium 88.66 148 454 6.02 0.64 533.73 56.74
T,,  Chlorpyriphos+Rhizobium 90.33 1.80  5.87 6.67 0.61 602.50 55.10
T, T harzianum+Vitavax+Chlorpyriphos 93.33 1.83  4.86 6.69 0.64 62437 59.73
T, T harzianum+Vitavax+Rhizobium 93.00 1.88  5.08 6.96 0.65 0647.28 60.45
T, T harzianum+Chlorpyriphos+Rhizobium 88.00 140  5.17 6.57 0.63 578.16 5544
T, Vitavax+Chlorpyriphos+Rhizobium 87.33 1.79  4.10 6.89 0.63 601.70 55.01
T,  Tharzianum+Chlorpyriphos+Vitavax+ 86.66 1.52 450 6.02 0.70  521.69 60.66
rhizobium
T, Control 84.33 1.00  3.83 5.83 0.60 491.64  50.59
CD (p=0.05) 6.14 1.07 147 1.79 0.35 14847 1.19

K, © 2016 PP House 828



International Journal of Bio-resource and Stress Management 2016, 7(4):823-831

Table 5: In vivo Effect of seed treatment on lentil seeds

Treatment No. of plants dead on different % plant Average
dates survival  yield plant’
% 4 94 @ o o (ing)
germination” S a S > =
— o = —_ —
= N ) - N
T,- T harzianum (Th Azad) 79.33 1.33 1.67 133 0.67 0.67 73.67 4.16
T,-Vitavax 76.33 0.67 0.67 0.67 033 033 73.67 3.67
T,-Chlorpyriphos 68.67 1.33 2.00 133 0.67 0.67 62.67 2.74
T,-Rhizobium 71.00 1.33 1.67 0.67 033 033 66.67 3.24
T.-T. harzianum-+Vitavax 75.00 1.67 0.67 1.00 0.00 0.00 71.67 3.73
T,-T" harzianum+Chlorpyriphos 67.33 1.00 1.00 1.00 1.00 1.00 67.33 3.06
T.-T. harzianum+Rhizobium 69.00 2.00 0.67 1.00 0.00 0.00 65.33 3.24
T,-Vitavax+Chlorpyriphos 72.67 1.33 1.00 0.67 1.00 1.00 68.00 3.05
T,-Vitavax+Rhizobium 72.67 1.00 0.67 0.33 0.00 0.00 70.67 3.07
T,,-Chlorpyriphos+Rhizobium 69.33 1.00 133 133 1.00 1.00 63.67 3.01
T, -T harzianum~+Vitavax+Chlorpyriphos 74.00 1.67 133 1.00 133 133 67.33 3.32
T,,-T. harzianum+Vitavax+Rhizobium 75.00 1.00  0.00 1.00 1.00 1.00 71.00 3.70
T ,-T harzianum-+Chlorpyriphos+Rhizobium 71.00 1.00 133 0.67 033 033 67.33 3.50
T ,-Vitavax+Chlorpyriphos+Rhizobium 73.00 2.00 2.00 0.00 033 033 6833 3.54
T,.-T. harzianum+Chlorpyriphos+Vitavax + 71.00 0.67 233 2.00 0.00 0.00 67.67 3.67
Rhizobium
T, -Control 68.00 3.67 2.00 267 2.00 2.00 48.67 2.30
SE(d) 1.769 1.837 0.722
CD (p=0.05) 5.281 7.420 0.599

harzianum+Vitavax). Percent plant survival and yield plant!
are important attributes, which determine the quality of seed.
Mastouri et al. (2010) also concluded that seed treatment with
Trichoderma harzianum stain T,, increases seedling vigor
and ameliorates stress by inducing physiological protection
in plants against oxidative damage. To find a new bio-control
agent that is efficient to control plant diseases, it is important
to screen a number of possible candidates by evaluating
several preliminary characteristics. The reason behind
evaluation of abiotic stress tolerance in the current strain was
that the stress tolerant strains can be efficiently deployed in
extreme environments where they can show better rhizosphere
competence and saprophytic competitive ability. Interestingly,
some of the abiotic stress tolerant microbes also protected
plants from abiotic stresses like drought (Timmusk and
Wagner, 1999), chilling injury, high temperature, and salinity.
Several successful trials had been made to increase the bio-
control potential of Trichoderma species under a wide range
of adverse environmental conditions by exposing the spores to
chemical e.g., EMS or physical mutagens, e.g., gamma rays.
Mutation has been suggested to improve growth characters,

antifungal metabolites production and antagonistic potential
of T. harzianum against F. oxysporum under saline conditions
(Abdel et al., 2006).

4. Conclusion

Th Azad isolate has the ability to withstand different abiotic
stresses suggesting that the inoculant has better survival,
efficacy, adaptability and plant productivity with all the seven
seed quality attributes viz. germination, shoot length, root
length, seedling length, seedling dry weight, vigour index I
and vigour index II. This study has identified a potential strain
of abiotic stress tolerant 7. harzianum (Th Azad) capable
of effectively controlling wilt disease. Results of field trial
experiments are in conformity to that of the lab experiment
where, treatments T, (7. harzianum+vitavax) was found the
best seed treatment in enhancing the quality of the seed and
productivity.
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