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ABSTRACT

Plants have endogenous defense mechanisms that can be induced in response to attacking insects and pathogens.
Inducing the plant’s own defense mechanisms by prior application of biological inducer is thought to be a novel plant
protection strategy. Synthesis and accumulation of PR proteins have been reported to play an important role in plant
defense. By considering this, the study was undertaken to assess defense enzymes of PP pathway by S. griseus against
challenge inoculation with Fusarium oxysporum f. sp. Lycopersici (FOL). The S. griseus formulations were evaluated for
their competence in regulating wilt disease and growth promotion of tomato under greenhouse circumstances. Further,
induction of defense proteins against challenge inoculation with FOL in tomato plants were also studied. In the present
research, S. griseus has been introduced in to the root system of tomato plants well in advance of Fusarium oxysporum
infestation. A noteworthy reduction in disease severity (19.5%) and improved yield (520.0 g/plant) also significant
increase in plant growth over control was observed in tomato plant treated with chitin amended S. griseus (T3; root
dipping) against FOL. β - 1, 3 glucanase and chitinase were persuaded to accumulate at elevated level on 15th day of
challenge immunization in T3 plants. Correspondingly leaves of S. griseus (T3; root dipping) treated plants expressed
higher activity of peroxidase (PO), polyphenol oxidase (PPO) and phenylalanine ammonia-lyase (PAL) after a day and it
reached maximum on 15th day of inoculation with FOL. Equally, phenolics, chlorophyll and carbohydrates were found to
a mass in bacterized (chitin amended S. griseus) tomato leaf tissues challenged with FOL and reached extreme on 15th
day of pathogen S. griseus inoculation. These outcomes put forward that defense enzymes tangled in phenylpropanoid
pathway was induced by S. griseus might have contributed the restriction of invasion of F. oxysporum in tomato leads
to plant protection from wilt disease facilitated by Fusarium oxysporum f. sp. lycopersici.

KEY WORDS: Wilt disease

tomato, S. griseus treatment, Disease reduction.

ARTICLE INFORMATION
*Corresponding Author: anithavarshini22@gmail.com
Received 29th Oct 2020 Accepted after revision 7th Dec 2020
Print ISSN: 0974-6455 Online ISSN: 2321-4007 CODEN: BBRCBA
Thomson Reuters ISI Web of Science Clarivate Analytics USA and
Crossref Indexed Journal

NAAS Journal Score 2020 (4.31) SJIF: 2020 (7.728)
A Society of Science and Nature Publication,
Bhopal India 2020. All rights reserved
Online Contents Available at: http//www.bbrc.in/
DOI: http://dx.doi.org/10.21786/bbrc/13.4/92

2240

Anitha et al.,

INTRODUCTION
Tomato (Lycopersicon esculentum) is one of the most
significant commercial vegetable crop grown in India.
Tomato roots/stem is affected by highly destructive soil
borne pathogen Fusarium oxysporum f. sp. lycopersici
(FOL), leads to leaf wilting, yellowing, substantial loss
in yield and eventually plant death (McGovern, 2015;
Bubici, 2018). The features of soil-borne pathogen (i.e.,
invading through the vascular tissue) make it difficult
to control the disease and biological control agents
emerge to hold promise in pathogen management
(Ben Abdallah et al., 2016). Plant growth promoting
rhizobacteria (PGPR) are being exploited commercially
for plant protection via colonizes at rhizosphere, plant
immunization or induce systemic resistance against
pathogens (Dahal et al., 2017).
The plant responses involved, expression of increasing
level of numerous pathogenesis associated proteins (PR
proteins) comprises (a) β-1, 3 glucanases (PR-2 family),
chitinase (PR-3 family) which lysis the fungal cell wall;
defense gene products including (b) Peroxidases (PO),
Polyphenoloxidases (PPO) with the intention of catalyze
lignin formation (c) Phenylalanine ammonia-lyase (PAL)
concerned in phytoalexins and phenolics synthesis
(Zouari et al, 2016; Mhlongo et al, 2018). Activated
induced resistance (via ISR or SAR) is a broad-spectrum
and long-term resistance, which usually suppresses a
disease up to 20–85% (Abbasi et al., 2019).
Actinomycetes, particularly streptomyces sp., encompass
a far above the ground potential to control fungal
pathogens since it produces antifungal antibiotics,
proteins and cell wall degrading enzymes. They may
live saprophytically and endophytically in agricultural
environments where they colonize the rhizosphere in
addition different parts of plant (Saleem et al., 2016).
Streptomyces sp., have been reported as PGP and
biocontrol agent against Verticillium dahliae (Cao et al.,
2016), Phytophthora drechsleri (Sadeghi et al., 2017),
Fusarium oxysporum (Abbasi et al., 2019, Hussein and
Al-Dulaimi, 2020) Phytophthora capsici (Abbasi et al.,
2020). There is no considerable learning on various
defense enzymes of PP pathway and PR proteins owing to
Streptomyces griseus treatment. Herewith, the study was
undertaken to assess the induction of defense enzymes
of PP pathway and accumulation of PR-proteins by S.
griseus against challenge inoculation with Fusarium
oxysporum f. sp. Lycopersici (FOL).

MATERIAL AND METHODS
Plant material: Tomato variety Co-4 susceptible to wilt
disease was analysed in this study.
Isolation of pathogen: The naturally infected tomato
plants evidenced for wilt disease, situated at Nachipalayam
Village, Coimbatore were collected in sterile polyethylene
bags. Diseased stem and root tissues were sliced (1 – 1.5
cm), inoculated in Potato Dextrose Agar plates (PDA)
and incubated at 28 0C for 5 – 7 days. The hyphal tips
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raised from the segment was purified by single spore
isolation method, identified as Fusarium oxysporum
(FOL) and maintained in PDA slants at 40C until further
use (Aileen, 2006).
Pathogenic fungal inoculum: The respective isolates of
FOL, was multiplied in sand maize medium (Riker and
Riker, 1936). Approximately 2 x 108 cfu/g of inoculum
of FOL in sand maize medium was mixed with sterilized
soil at 5% (W/W), then infested into greenhouse earthen
pots ten days prior to transplanting 45 days old seedling
(Larena et al., 2003).
Bacterial isolate: Streptomyces sp., was isolated from
prawn cultivated pond soil of Peddapuram Village; East
Godavari District using Colloidal Chitin Agar (CCA)
plates, identified as Streptomyces griseus (Acc. No.
9723) and deposited in MTCC, Chandigarh. The culture
was maintained in actinomyces agar slants at 40C till
further use.
Development of bioformulation of S. griseus: Talcbased bioformulation of S. griseus (Acc. no. 9723)
with (i) chitin, (ii) without chitin, (iii) self-fused S.
griseus, (iv) chitinase enzyme of S. griseus with Apsa
80 (carrier molecule) were developed as described by
Anitha and Rabeeth, (2009). The prepared formulations
were filled in polythene bags, sealed and kept back at
room temperature for greenhouse studies.
Efficacy of S. griseus against fusarium wilt of tomato
under greenhouse conditions: The formulations were
evaluated for their competence in regulating wilt
disease of tomato under greenhouse circumstances. The
treatments were imposed as seed treatment, seedling dip
and foliar applications.
Seed bacterization: Seeds of cultivar Co–4 were surface
sterilized, soaked in water containing talc-based
S. griseus (with or without chitin)–10 g/kg of seeds
(Meena et al., 2002) for 12 hrs. At the end, the seeds were
drained off, dried under shade for overnight and sown in
(27 x 42 x 7 cm3) trays containing vermiculite and sand
[1:1; (V:V)] ratio (Vidhyasekaran et al., 1997).
Seeding dip and foliar spray: For root inoculation, surface
sterilized seeds of cultivar Co-4 were sown in nursery
trays mentioned above. After 45 days, seedlings were
pulled out from the trays and roots were immersed in
chitin amended S. grises and self-fused S. griseus (20
g/L) formulations for 30 mins before transplanting the
seedlings. Whereas chitinase of S. griseus along Apsa
80 was prearranged as foliar spray to transplanted
seedling.
Efficacy of S. griseus on disease severity and
experimental design: An experimental design
comprises, T1 – plants raised from seeds treated with
talc formulation of S. griseus (10 g/kg of seeds), T2 –
plants raised from seeds treated with chitin amended
talc formulation of S. griseus (10 g/kg of seeds), T3 –
plant roots immersed in chitin amended talc
formulation (20 g/L) of S. griseus,
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T4 – plant roots immersed in talc formulation (20 g/L)
of self-fused S. griseus, T5– foliar spray using crude
chitinase enzyme (1L) of S. griseus with Apsa 80 (113.3
IU/mL) after planting, T6– plants raised from carbendazim
treated seeds (2 g/kg of seeds), served as chemical check,
T7– plants neither treated with bacterial suspension nor
challenged by the pathogen (Healthy Control) and T8–
plants challenged with pathogen (Inoculated Control).
After the treatments, the seedlings were transplanted
into greenhouse pots at the rate of four seedlings/pot
which is artificially infested with pathogen (Sand: Maize
Medium). Ten days after transplanting, foliar spray near
the roots of treated plants were given as per (T1 to T6)
and irrigation was given consequently. Later 15 days,
external symptoms of wilting and yellowing of leaves
(Fusarium wilt) were recorded. The Disease Severity (DS)
was calculated as Disease Severity (DS) = Number of
leaves with symptoms / Total number of leaves X 100
(Pascale et al., 1999).
Three replications were maintained in each treatment;
each replicate comprises of six pots and in each pot
four plants were maintained. The relative humidity
in the glasshouse was maintained around 80%, and
the temperature of 260C (day) and 200C (night). The
experiments were laid out with randomized block design
with four replications and the experiments were repeated
once under greenhouse bench.
Efficacy of S. griseus on plant growth promotion:
After 45 days, two plantlets from each replication were
sampled and the efficacy of diverse treatments on root &
shoot length, fresh & dry weight of root and shoot, yield
of the plant was recorded in all the treatments challenged
with FOL in comparison with control.
Efficacy of S. griseus on induction of defense related
enzymes: Leaf samples were collected at different time
intervals (0, 5, 10, 15 and 20 days) after challenged with
FOL pathogen. Three plants were sampled from each
replication of the treatment separately (mentioned in
experimental design) and maintained for biochemical
analysis. Freshly collected leaf samples (0.1g) were
washed with sterile distilled water and homogenized
in 2 mL of ice-cold phosphate buffer (0.1 m; pH 7.0) at
4°C. The homogenate was centrifuged at 10000 rpm at
4°C for 15 min, the 181 collected supernatant was stored
at –20°C until used for biochemical assays. Assay of
accumulations of PR proteins and induction of defense
enzymes of PP pathway like chitinase (Wen et al., 2002),
β-1, 3-glucanase (El–Katatny et al., 2000), peroxidase
(PO) (Hammerschmidt et al., 1982)., polyphenol oxidase
(PPO) (mayer et al., 1965), phenylalanine ammonium
lyase (PAL) (dickerson et al., 1984), total phenol (Zieslin
and Ben–Zaken, 1993), total chlorophyll and total
carbohydrate (Sadasivam and manickam, 1991) were
measured.
Statistical analysis: The data’s were statistically analyzed
independently (Gomez and Gomez, 1984). The treatments
mean was compared by Duncan’s Multiple Range Test
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

(DMRT) at 5% significant using SPSS software version
7.0.

RESULTS AND DISCUSSION
Plants have endogenous defense mechanisms that can
be induced in response to pathogen attack. The defense
genes are considered to be inducible and ideal stimuli
or signals are preferable. It is considered a novel plant
protection strategy to incorporate the plant own defensive
mechanisms through biological inducers (Bubici et al.,
2019). By considering the above the effectiveness of prior
application of S. griseus in controlling the soil-borne
diseases has been documented.Talc based formulations
of S. griseus with / without chitin supplements were
prepared and analyzed against FOL under greenhouse
conditions. Talc formulation of P. fluorescens (Pf1) and
B. subtilis against rust and leaf spots of groundnut
(Meena et al., 2002), sheath blight infection of rice (Radja
et al., 2002) and fruit rot of chilli (Bharathi et al., 2004)
have been studied.
In this line, talk formulation of Streptomyces corchorusii
against rice (Tamreihao et al., 2016) Streptomyces rochei
against tomato (Zamoum et al., 2017) has been reported
as effective against disease management. The host plant
provides the habitat and nutrients necessary for the
pathogen to become established at the infection site.
Fusarium oxysporum is a soil-borne pathogen and can
spread through root system and it would be better to
protect the infection sites rather than alter the entire soil
microbial community. Root application of the biocontrol
agents has been approved in the literature (Shishido et
al., 2005; Yigit and Dikilitas, 2007, Bibusi et al., 2019).
Henceforth, in the present research, S. griseus has
been introduced in to the root system of tomato plants
well in advance of Fusarium oxysporum infestation.
A noteworthy reduction in disease severity (19.5%) and
improved yield (520.0 g/plant) over control was observed
in tomato plant treated with chitin amended S. griseus
(T3; root dipping) against FOL. Whereas in inoculated
control (T8), there was uppermost disease severity (61.1%)
with negligible yield of 120.0 g/plant was observed
(Table 1). Chemical (carbendazim) treatment had less
effect compared to S. griseus treated plants but then the
activity was overwhelmed the healthy control (T7). The
prior applicant of S. griseus in root system prevents the
pathogen entry that resulted in significant reduction in
disease severity.
Equally, S. enissocaesilis and S. rochei (Abbasi et al.,
2019), Streptomyces sp. and Pseudomonas fluorescence
(Hussein and Al-Dulaimi, 2020) lightened the fusarium
wilt of tomato (FWT) disease symptoms like chlorosis,
stunting and wilting better than carbendazim. Recently,
Wu et al., (2019) have reported that a decreased
percentage disease index of rice sheath blight caused by
Rhizoctonia solani was associated with an increase in
streptomyces sp., derived antifungal agent concentration.
In contrast, Streptomyces sp., treated banana plantlets
(root dipping) showed significant (P<0.05) reduction
Induction of Defense Proteins in Tomato
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in wilt severity (47%) compared to untreated plantlets
was reported by Getha et al., (2005) and Bubici et al.,
(2019).
The plant growth was significantly influenced by
applying S. griseus at root tissues. Compared with
inoculated control (T8), noteworthy development was
perceived in T3 plants followed by T4 plants. Though,
the sensible growth was observed in carbendazim treated
plants (T6), it failed to provide appreciable growth
than the S. griseus (T3) treated plants (Table 2). The
outcomes indicated that the S. griseus may endorse the
growth directly by producing plant growth regulators /
stimulating nutrient uptake / synthesizing antibiotics in
contradiction of pathogens. Correspondingly, inoculation
of S. enissocaesilis and S. rochei (Abbasi et al., 2019),
actinobacteria (Passari et al., 2019), G. fasiculatum
(Anusha and Krishnaraj, 2017) and G. intraradices
(Akkopru and Demir, 2005) has encouraged the growth
and yield of tomato plant against FOL inoculation was
predicted in earlier. Likewise, Streptomyces corchorusii
treated rice plants showed significant increase (P ≤
0.05) in root and shoot lengths, fresh root and shoot,
and dry shoot weights over the control was reported by
Tamreihao et al., (2016).
Current exploration implies that prior application of
S. griseus strengthen the host cell wall resulting in
restriction of pathogen invasion in plant tissue (Abdul
et al., 2020). In base line, synthesis and accumulation
of PR proteins have been reported to play an important
role in plant defense (Abbasi et al., 2019; Balint‐Kurti,
2019). However, there is a little information available on
defense responses induced by S. griseus in plants against
pathogen invasion. The present study clearly figured that
the induction of enzymes involved in phenylpropanoid
metabolism and accumulation of PR-proteins in tomato
leaf tissue have been encouraged by chitin amended
S. griseus (T3; root dipping) in response to challenge
inoculation with F. oxysporum f. sp. lycopersici over the
inoculated control (T8).
Induction of β-1,3 glucanase and chitinase enzymes play
a key role against fungal attack in turn directly connected
with the structural relevance of chitin and glucans in
the cell wall of fungi (Bubici, 2018). These enzymes
act upon the fungal cell wall resulting in loss of inner
contents of cells and eventually leads to death. In our
study, β-1, 3-glucanase (412.09 μmol/h/g) and chitinase
activity (475.25 μmol/h/g) in self fusant S. griseus (T4;
root dipping) treated plants was found to be lower than
the plants treated chitin amended S. griseus (T3; root
dipping) (β-1, 3-glucanase of 424.25 μmol/h/g; chitinase
of 492.0 μmol/h/g). Significant activities were observed
on 15 days after inoculation (Fig. 1 & 2) for the treated
plants, whereas in inoculated control (T8) plants both
enzyme activities were renowned at ground level.
Hence, initiation of enzymes has been occupied in
defense against further invasion of the pathogen in
root through degrading its physical barrier. In general,
accumulation of hydrolytic enzymes is more pronounced
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in the biocontrol agent’s pretreated plants compared
with inoculated control. Similarly, Chandrasekaran and
Chun, (2016) and Magesh and Devi (2017) have attributed
that induced resistances in tomato, in correlation with
an increased activity of chitinase, β-1,3 glucanase and
1-4 glucosidase.
Figure 1: Induction b-1, 3 glucanase by S. griseus in tomato
plants challenged with the pathogen F. oxysporum f. sp.
lycopersici. Vertical bars indicate standard deviations of
three replications.

Figure 2: Induction chitinase enzyme by S. griseus in
tomato plants challenged with the pathogen F. oxysporum
f. sp. lycopersici. Vertical bars indicate standard deviations
of three replications

PO is a key enzyme, has been implicated in the regulation
of plant cell elongation, phenol oxidation, polysaccharide
cross linking, IAA oxidation, cross linking of extension
monomers and oxidation of hydrosyl-cinnamyl
alcohol into free radical intermediates with wound
healing (Magesh and Devi, 2017). The plant resistance
phenomenon is associated with biosynthesis of lignin
in which PO is playing a key role (Liu et al., 2018). PO
activity was significantly increased in T3 plants on 15
days after inoculation with FOL (4.93 absorbance/min/g)
whereas the activity was insignificant in inoculated
control (T8) (2.23 absorbance/min/g). PO activity in the
leaves of carbendazim treated plants (T6) did not elucidate
any remarkable changes throughout the experimental
period (Fig. 3). This unique PO induced by S. griseus
isolate might have contributed to induce defense in
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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tomato root tissue against FOL invasion. In accordance
with the above an increased peroxidase activity in P.
fluorescens, Streptomyces sp., and S. rochei treated plants
challenged with Fusarium oxysporum – a wilt pathogen
was addressed earlier (Nikoo et al., 2014; Salla et al.,
2016; Mahesh and Devi, 2016; Abbasi et al., 2019).

against the pathogen invasion. Similarly, higher
accumulation PPO in Bacillus subtilis (Chandrasekaran
and Chun, 2016) P. fluorescens treated tomato plants
(Magesh and Devi, 2017; Ramamoorthy et al., 2002) in
response to Fusarium oxysporum induced wilt disease
was reported earlier.

Figure 3: Changes in peroxidase activity by S. griseus in
tomato plants challenged with the pathogen F. oxysporum
f. sp. lycopersici. Vertical bars indicate standard deviations
of three replications.

Figure 5: Accumulation of phenylalanine ammonium lyase
activity by S. griseus in tomato plants challenged with
the pathogen F. oxysporum f. sp. lycopersici. Vertical bars
indicate standard deviations of three replications.

Figure 4: Changes in polyphenol oxidase activity by S.
griseus in tomato plants challenged with the pathogen F.
oxysporum f. sp. lycopersici. Vertical bars indicate standard
deviations of three replications.

PPO is an important defense related enzyme produced
under stress condition and accumulates upon wounding
in plants. Correspondingly, the expression of PPO in
T3 plants were conferred to be higher when compared
with other treatments (T1 to T7) and inoculated control
(T8) plants (Fig. 4). The PPO activity in inoculated
control plants (T8) was 2.1 absorbance/min/g were as
chitin amended S. griseus (T3; root dipping) showed
3.5 absorbance/min/g 15 days after inoculation. In
connection with this, carbendazim treated plants (T6)
exhibited adequate activity compared to inoculated
control (T8) and healthy control (T7) plants but the activity
was less compared to T3 plants. The higher expression of
PPO might have implicated in induced defense responses
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

PAL played an important role in the biosynthesis of
phenolics and phytolexins (Sharma et al., 2019). It
catalyzes the deamination of L-phenylalanine to trans
cinnamic acid, which is the first step in biosynthesis
of large class of plant natural products based on the
phenylpropane skeleton including lignin monomers as
well as phytolexins. Experimental results revealed that
chitin amended S. griseus (T3) treated plants showed
highest activity (9.75 μmol/min/g) of PAL. There was
no marked change in carbendazim treatment (T6)
during the time course of experimental period and
the accumulation of PAL remained higher compared
to the untreated control (T8) and healthy control (T7)
(Fig. 5). Increased activity of PAL due to S. griseus isolate
treatment might have prevented the fungal invasion, and
thus, the activity maintained at higher levels. Besides, B.
subtilis, Streptomyces sp. and S. rochei treated tomato
roots rendered higher PAL activity when compared to
untreated control was propounded by Chandrasekaran
and Chun, (2016); Magesh and Devi, (2017) and Abbasi
et al., (2019).
Phenols are fungi toxic in nature and higher accumulation
played an important role in plant resistant by enhancing
the mechanical strength of host cell wall and by
inhibiting the fungal growth (Aoun, 2017). The outcome
of the study would demonstrated that quantitative
changes in phenolics (0.66 mg catechol/g) were improved
in tomato seedlings exposed to chitin supplemented S.
griseus (T3) during the experiment against pathogenic F.
oxysporum over control indicated that, the response is
truly systemic and physiological state of the plant has
been altered (Fig. 6). Perhaps the findings of Loganathan
et al., (2014) and Panina et al., (2007) were recorded
maximum phenol aggregation in various biocontrol
agents treated plants. The increased phenolic substances
Induction of Defense Proteins in Tomato
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exhibited considerable morphological changes including
cytoplasmic disorganization and loss of protoplasmic
content of pathogen was reported by Benhamou et al.,
(2000).
Figure 6: Accumulation of phenols by S. griseus in tomato
plants challenged with the pathogen F. oxysporum f. sp.
lycopersici. Vertical bars indicate standard deviations of
three replications.

Figure 7: Accumulation of chlorophyll by S. griseus in
tomato plants challenged with the pathogen F. oxysporum
f. sp. lycopersici. Vertical bars indicate standard deviations
of three replications.

(2015) also reported that the rhizobacteria B. subtilis
and Azotobacter chroococcum induced higher levels of
chlorophyll content in tomato plants, relative to control
plants. In contrast, Kandan, (2000) have stated lower
sugars leaves in leaves of resistant cultivar.
Figure 8: Accumulation of carbohydrates by S. griseus in
tomato plants challenged with the pathogen F. oxysporum
f. sp. lycopersici. Vertical bars indicate standard deviations
of three replications.

Table 1. Efficacy of S. griseus on disease severity and yield
of tomato against Fusarium oxysporum f. sp. lycopersici.
Values are the mean of triplicates. In a column, means
followed by a common letter are not significantly different
at 5% level by DMRT.
Treatments

The chlorophyll content in inoculated control plants
(T8) was found to be 324 μg/g, which was lower (652
μg/g) than carbendazim treated plants (T6) and other
treatments. Total carbohydrate content (564 μg/g) in leaf
tissues of treated (T4) tomato plants was found and it
was observed as high compared with inoculated control
(T8) (Fig. 7). Likewise, 556 μg /g of carbohydrate was
observed on 20th day in T3 plants which was found to
be higher than the carbendazim treated plants (453 μg/g)
and healthy control (T7). The findings specified that the
photosynthetic area was confined which consecutively
produced higher amount of carbohydrates (Fig. 8).
This finding is somewhat similar to results reported by
Dias et al., (2017) and Passari et al., (2019) indicating
that Streptomyces sp. isolate PM5 and Streptomyces
thermocarboxydus produced a greater amount of
chlorophyll a & b than control plants. Babu et al.,
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T1 – S. griseus
(Seed treatment – 10 g / kg)
T2 – Chitin amended S. griseus
(Seed treatment – 10 g/ kg)
T3 – Chitin amended S. griseus
suspension (Root dipping
– 4 x 108 cfu/mL)
T4 – Self fusant S. griseus
suspension (Root dipping 4 x 108 cfu/mL)
T5 – Foliar spray using crude
chitinase enzyme (1L) of
S. griseus with Apsa 80
(113.3 IU/mL) after planting
T6 – carbendazim treated seeds
(2 g/kg of seeds)
T7 – Healthy Control
T8 – Inoculated Control

Disease
Yield
severity (%) (g/plant)
26.0a

485.0

23.1a

455.0

19.1a

550.0

19.5a

520.0

28.9ab

416.0

31.5ab

425.0

49.3de
61.1h

425.0
120.0

Under greenhouse conditions, seeds treated with
S. griseus (T1 and T2) and the plants treated with crude
chitinase enzyme of S. griseus with Apsa 80 (T5; foliar
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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spray - 113.3 IU/mL) did not produced significant amount
of defense enzyme and PR protein against wilt disease
of tomato plant incited by Fusarium oxysporum than the
plants treated with S. griseus (root dipping) (T3 and T4).
But then relatively significant effect (defense proteins)
was experienced in comparison with carbendazim treated
(T6) and inoculated control plants (T8).
From this investigation it is clear that S. griseus used
along with chitin has been introduced to tomato root
systems (root dipping) performed well in the management
of FOL collectively appreciable yield and plant growth.
The interactions between plant and pathogen have
stimulated defensive enzymes initially but later, as the
pathogen colonizes the root tissue, defensive enzymes

dropped dramatically. At present, higher accumulation
of enzymes of phenylpropanoid metabolism and PRproteins has been instigated in tomato treated with S.
griseus (T3 – root dipping) in response to invasion by F.
oxysporum f. sp. lycopersici. In conclusion, biocontrol
efficiency could be accomplished by introducing the S.
griseus in to the root system well in advance of pathogen
infestation evidenced for significant colonization of
S. griseus which controls the invasion of fungi and
diminishes the pathogen density which simultaneously
triggered the plant-mediated defense mechanism might
have collectively contributed to induced resistance
against FOL. Hence, the contemporary investigation
recommended that chitinolytic S. griseus could be used
as a promising biocontrol agent in Integrated wilt disease
management.

Table 2. Efficacy of S. griseus on growth promotion of tomato against Fusarium oxysporum f. sp.
lycopersici. Values are the mean of triplicates. In a column, means followed by a common letter are not
significantly different at 5% level by DMRT.

Treatments

Length (cm)

Shoot			
Fresh wt. (g)

Dry wt. (g)

Length (cm)

Root
Fresh wt. (g)

Dry wt. (g)

Treatment 1
Treatment 2
Treatment 3
Treatment 4
Treatment 5
Treatment 6
Treatment 7
Treatment 8

43.9ef
45.7fg
47.5g
50.6h
38.4d
40.4de
34.7bc
26.9a

22.8e
23.6f
25.8h
24.7g
21.8de
20.8ef
19.9c
15.9a

6.3fg
6.5gh
6.8gh
6.7h
5.8de
5.2b
4.5a
5.8b

31.6gh
32.5gh
32.7gh
33.0h
30.6gh
29.9g
22.7a
20.4de

14.5f
14.8g
15.8h
15.6b
13.9ef
13.9e
13.9b
9.8a

2.5d
2.6de
3.9fg
3.8gh
2.4ed
2.2ab
1.9a
1.7a
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