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Fourty soil samples were collected i.e. 9 from Akola, 9 from
Buldhana, 9 from Amravati, 9 from Washim, 2 from Nagpur, 1 from
Chandrapur,1 from Gadchiroli from different places of fields during June to
September 2019. Ten soil samples contained Bacillus isolates by exhibiting

zone of solubilization on CCA.

Hydrogen ion concentration and electrical conductivity of soil
samples containing B. subtilis having chitin degrading ability on CCA was
ranged from 8.1 to 8.6 and 0.21 to 0.52 dSm? respectively having isolate
with maximum solubilizing zone. Soil samples showed least pH and EC i.e.
8.1 and 0.21 dSm! respectively

Isolate BS3 show maximum population (54.33X107 cfu/g)
followed by BS1 (50.66X107 cfu/g). The least population of 34.10x107 cfu/g
of soil was recorded in BS9 followed by BS8 38.10x10’ cfu/g.

Biochemical tests were carried out to identified the Bacillus
subtilis and results revealed that the strains collected from different regions
were B. subtilis strains. Obtained from various test that all the isolates
tested positive for Gram reaction, negative for KOH, positive for catalase
test, gelatin liquification, growth in 5% NaCl, Arginine dehydrolase, H2S
production and negative for methyl test.

Among ten isolates of Bacillus BS3 (Medshi) allowing only
6.92 mm mycelial growth of Fusarium udum with 92.31% proved best over

all other isolates however was at par with BS1 i.e. Patur isolate.

Maximum effect was noted due to BS3 with 9.57 mm growth
of R. bataticola and 89.37% inhibition. Minimum ability was noted due to
BS9 with 27.59% inhibition of test pathogen.

Highest efficiency with 88.97% inhibition of S. rolfsii was also
noted due to BS3. where the pathogen could grew only upto 9.92 mm as
against 90 mm without antagonist followed by BS1 with 88.49% growth
inhibition of pathogen.

Imidacloprid exhibited more than 50% inhibition in almost all
isolates of B. subtilis as compared to control indicating detrimental against

Xi



Bacillus. Isolate BS3 recorded highest CFU i.e. 60.37x107 which was being
lowest i.e. 48.26x107 in BS9.

Thiomethoxom was also found non tolerable to isolates as
less than 50% viable colonies in this chemical were observed. Isolate BS3

was least sensitive to Thiomethoxom with 54.76% inhibition.

Combined product of Carboxin + Thiram and Thiram alone
was completely toxic to all isolates of Bacillus while Carbendazim exhibited
maximum inhibition of 70.14% in BS9.

Among all the isolates, BS3 showed least sensitivity to the

weedicides whereas BS9 exhibited highest sensitivity.

Root length, shoot length and seedling vigour index was also
highest due to isolate BS3 i.e. 8.44 cm, 19.07 cm and 2082 respectively.
Compared to 6.0 cm, 11.44 cm and 1046 root length, shoot length and

seedling vigour index in control.
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CHAPTER |

INTRODUCTION

1.1 Background information

Pigeon pea (Cajanus cajan (L.) Millsp.) is an important pulse
crop grown in Kharif season. Arhar crop in Maharashtra during 2018-2019
was about 9.71 lakh tonne of total production. It is one of the extensively
used pulses in India as an important source of protein in human diet.
Generally, it is grown all over the country, but it is cultivated extensively in
Bihar, Utter Pradesh, Maharashtra, Tamilnadu, Andhra Pradesh,
Karnataka, West Bengal and Gujarat. It suffers from various diseases viz.
wilt (Fusarium udum) root rot (Macrophomina phaseolina), Stem canker
(Phoma cajani and Collectotrichum capsici), bacterial blight (Xanthomonas
axonopodis pV. cajani) and the  sterility = mosaic  virus
The wilt caused by Fusarium udum Butler is one of most serious and oldest
known disease (Butler, 1906) and it is known to cause heavy losses every
year in India. The incidence of disease has been reported from 30 to 60

percent at flowering and at crop maturity stages (Kannaiyan et al. 1981).

Wilt caused by Fusarium udum is the economically devasting
fungal disease of Redgram and is common throughout India. It is prevalent
in Andhra Pradesh, Maharashtra, Madhya Pradesh, Uttar Pradesh and
Bihar. Redgram is susceptible to wilt pathogen throughout its development
stages. However, the symptoms are more pronounced and the damage is
greater at flowering and pod formation stage. Wilting of seedlings and
grown up plants as if they have suffered from water shortage although
there is plenty of moisture in the field, is the main symptom. Wilting is
characterized by gradual, sometimes sudden yellowing, withering and
drying of leaves followed by drying of the entire plant or some of its
branches. A voluminous work has been done on F. udum Butler in India
and abroad. The pathogen is a soil and seed borne. The genus Fusarium
has wide host range and survives for long time in field in the absence of
host plant. Therefore, chemical control is not satisfactory, adequate and

non-economical as a long-term solution. Considering, the crop health and
1



economic losses, the alternative to this is to explore the possibility of
improving genetical disease resistance and integration of chemical and
biological control, which can be successfully adopted in modern agriculture.
some time up to 100% in susceptible cultivars (Kumar and Upadhya,2013).

The disease is caused by soil inhabiting Fusarium udum and
hence not easy to manage once the pathogen penetrates the host
systemically. The application of chemical fungicides through soil drenching
is not easy practically and hence no body is using this practice of
management of wilt. Host plant resistance and use of biocontrol agents
then remains only solution for this devastating disease.
Various biocontrol agents are known to affect the growth of Fusarium
udum, one among them is Bacillus subtilis which has antagonistic activity
against Fusarium udum, however the efficacy of this bioagents differ from
location to location. With a view to find out most effective Bacillis subtilis
prevalent in the soil of Vidarbha, the present study is proposed to

undertake.
1.2 Importance of Study

Increasing sensibility and pressure of public and
environmental agencies against the application of chemical based
pesticides and their long lasting adverse effects on ecosystems and human
health, has motivated the search for non hazardous alternatives. The most
trustworthy substitute of chemical pesticides is considered as biocontrol
agents. These agents could be formulations of bacteria, fungi, viruses,
plant extracts or antibiotics.

Chitinases belongs to the class of hydrolytic enzymes with a
potential to inhibit or degrade the chitin containing pathogens like fungi,
insects and their larva’s. The use of chitinases as a bio control agent is one
of the attractive and environmentally safe strategies. Chitinases are needed
by fungi to disrupt their existing cell walls during cell division and also
played an important role in some plants being essential for the inhibition of

fungal diseases. Microbial production of chitinase has captured worldwide



attention of both industrial and scientific environments, because of its wide

spectrum of application.
1.3 Scope and Limitations

Biocontrol has a vast potential for the management of soil
borne pathogens. Owing to the mechanism of disease control i.e.
antibiosis, competition and hyperparasitism, there is very less risk of
developing resistance in the pathogen against Bacillis subtilis. Moreover
there are numerous native rhizospheric organisms which can be exploited

as a new potential biocontrol against soil borne pathogens.

As Bacillis subtilis is living organism and they are exposed in
environment the survival, efficiency and their required number in
rhizosphere is affected by number of factors which governs the
performance of these organisms. However, the efficacy of repeatedly used
bioagent may lost because of continuous multiplication in lab conditions.
Now a day's use of new chemicals for crop management is also governing
the growth & performance of bioagents. Having a tolerant strain with all
desirable character, its multiplication & application is a limiting factor for
use of biocontrol agents. We can expect to see new biological control
products becoming available to farmers as a biofungicides. The success of
the product will depend on our ability to manage the rhizosphere to

enhance survival and compitetiveness of these beneficial microorganisms.
1.4 Objectives of study

1. To know the status of Bacillus subtilis in the soils of different

pigeonpea growing districts of Vidarbha.

2. To evaluate the comparative antagonistic activity of Bacillus

subtilis present in soils of Vidarbha against Fusarium udum.
1.5 Hypothesis

Bacillis subtilis from rhizosphere have received considerable
attention as potential protecting agents against soil borne pathogens.
Bacillus subtilis as bioagent have good prospectsus in future for

management of wilt of pigeaonpea. The use of this rhizobacteria (Bacillus

3



subtilis) against Fusarium udum causing wilt of pigeonpea helps in
reduction of Fusarium udum in pigeopea rhizosphere by either acting as
barrier for entrance of pathogen or suppressing the growth of pathogen by
various means. Thus, objectives of present studies may be helpful for
management of wilt disease through more superior and aggressive native

isolate of Bacillus subtilis.



CHAPTER I

REVIEW OF LITERATURE

An attempt has been made to present a review of related past
work, on pigeon pea wilt disease caused by Fusarium udum and the
Bacillus subtilis for its management at different places by some research

workers.
2.1 Background information

Butler (1906) was the first to describe the causal agent of wilt
disease of pigeonpea in India, which resembles with the character of the

genus Fusarium.

Butler (1910) identified and named the causal agent of wilt of
pigeonpea for the first time in India as Fusarium udum. The wilt symptoms

were observed after a month of inoculation under pot condition.

Patil and Gokhale (1965) noticed that the continuous
cultivation of pigeonpea for 2-3 years in same field leads to more than 50
percent losses of plants due to wilt disease. They recorded that the wilt

disease is more conspicuous in adult stage compared to seedling stage.

Kannaiyan and Nene (1981) obtained 100, 67.1 and 29.6
percent grain yield reduction in pigeonpea when wilt occurred at prepod

stage, pod maturity and at pre-harvest stage respectively.

Okiror and Kimani (1997) reported the consistent differences
in virulence and aggressiveness of F. udum among several isolates tested

under glasshouse and laboratory condition.

Madhukeshwara and Seshadri (2001) tested the virulence
behavior of six isolates of Fusarium udum by test tube and modified root
injury method on a set of host differential of pigeonpea. They observed that
all the isolates differed in their virulence behavior showing their distinct

nature in pathogenicity on a set of host differentials.

Jalander and Gachande (2015) observed the growth and

pigmentation of Fusarium oxysporum f. sp. udum of seven isolates isolated

5



from seven different varieties of pigeonpea using Czapek’s dox agar(CDA),
potato dextrose agar (PDA) and glucose nitrate agar(GNA) and found
variability in pigmentation, more on CDA and growth rate of the pathogen
isolates per day were high in case of GNA and colonies grown on CDA and

GNA showed maximum fluffy growth and on PDA it was appressed.
2.2 Rhizospheric microorganisms

Agnihotrudu (1953) studied rhizosphere microflora of some
important crop plant like pigeonpea, cluster bean, cotton sorghum,
sesamum, french bean and sunhemp & found more microbial population in
the rhizosphere than in the distant soil. Bacterial population was much
greater followed by fungi and actinomycetes.

Harman et al. (1980) isolated Trichoderma hamatum and

Trichoderma spp. from Rhizoctonia suppressive soil.

Bruce and Highley (1991) isolated fifteen Trichoderma, two
Penicillium and one Aspergillus isolates and tested against Trametes
versicolor and Neolentinus lepideus (brown and white rot basidiomycetes
i.e. wood decay fungi) by agar interaction tests and by measuring the
toxicity of culture filtrates. Three fungi produced the greatest inhibitory
effect (2 Trichoderma and 1 Aspergillus isolate) against both target fungi

but Aspergillus filtrate produced greater inhibition

Gaur and Sharma (1991) obtained 34 fungi, 6 bacteria and 4
actinomycetes from rhizosphere soil of pigeonpea and tested them against
Fusarium udum on Czapek’s sucrose nitrate agar medium. They observed
that Trichoderma viride was the most effective followed by Aspergillus
niger, Streptomyces sp., Penicilluim sp. and Bacillus sp. and found that
presence of these bioagent plays role in disease resistance and

susceptibility of a variety and decrease wilt incidence &

Foldes et al. (2000) used Bacillus strains isolated from the

rhizosphere of cereals as natural biocontrol agents.

Pandey and Upadhyay (2000) found that rhizosphere of
healthy pigeonpea (cv. Bihar) plants were heavily colonized by A. niger and

6



Penicillium sp. while F. udum dominated the rhizosphere of diseased
plants. There was mixed population of Aspergillus spp., Penicillium spp.,
and F. udum in non rhizosphere soil of pigeonpea. Isolate of Trichoderma
harzianum, Gliocladium virens and T. viride exhibited strong antagonism by

inhibiting hyphal growth of F. udum.
Siddiqui and Shakeel (2009) studied the biocontrol of wilt

disease complex of pigeon pea using 21 isolates of fluorescent
Pseudomonas isolated from pathogen suppressive soils and found that
isolates Pf 718, Pf 719, Pf 736 and Pa737 of P. aeruginosa caused 79, 84,
87 and 93% reductions in Meloidogyne incognita respectively and showed
inhibition in the growth of F. udum. Among the Isolates isolate Pf736
caused 309, 9 and 78% increase in seedling growth, phosphate
solubilization and IAA production, moderate HCN production also caused
greater increase in plant growth and higher reduction in nematode

multiplication and wilting index along with Rhizobium.

Nehra et al. (2012) tested 310 pigeonpea (Cajanus cajan (L.)
Millsp.) rhizobacteria isolated from cultivated soils of north-east India (Alwar
district, Rajasthan). Among the total isolates, 25 isolates were confirmed as
Pseudomonas fluorescense based on the biochemical tests, such as
arginine hydrolysis, catalase activity, production of fluorescing compounds,
gelatin liquefaction and growth at 4°C and 42°C. Twelve isolates of P.

fluorescense exhibited strong antifungal activity against F. udum.

Rana et al. (2014) isolated thirty Pseudomonas spp. and
twenty Bacillus spp. from soil of pigeon pea field. Among them, five isolates
of Pseudomonas spp. (Pf05, Pf14, Pf19, Pf23, Pf25) and four isolates of
Bacillus spp. (Bc01, Bc09, Bcl4, Bc20) were found as potential biocontrol
agents against the Fusarium wilt, Under pot condition, Pf14 and Bc20
isolates treated pigeon pea seeds showed 59% and 50% increase in
seedling growth and under field condition, Pfl4 treated seeds resulted in

higher grain yield.

Avinash et al. (2019) conducted an experiment was
conducted to isolate and check the pathogenicity of Fusarium strains

7



isolated from the wilted Redgram plant. The results revealed that the
isolate RGF1 has shown significant amount of disease incident in pre
emergent and post emergence of plant. Further studies were carried out to
control the wilt disease incident through the help of biocontrol agents
isolated from rhizosphere soil of Redgram. The results shows that the
treatment which includes consortium of microorganisms had controlled

significant amount of disease incident.

Dukare et al. (2020) A total of 53 CDB was isolated from the
pigeon pea rhizosphere. Among them, a total 26 bacterial isolates was
obtained using serial dilutions method and remaining 27 were from the
enrichment culture technique. Isolates differing in colony morphology and
characteristic were picked, purified, and used in further stages of the

experiment.

Mugiastuti et al. (2020) characterized four endophytic
bacterial isolates and found that they have the potential to be developed as
biopesticides to control maize disease, especially R. solani and Pantoea
sp. Bacillus sp, endophytic from the root (BK.Al; BK.A3; PP.A5) and
Bacillus sp. endophytic from the stem (PPD.B2) can suppress the growth of
R.solani by more than 50%, have a strong antagonistic index against
Pantoea sp. (> 4), and can produce protease and lipase enzyme, and

phosphate solubilization.
2.3 Chitinase activity of Bacillus subtilis

Nandakumar et al. (2007) evaluated the chitinase producing
ability of Pseudomonas fluorescens strains viz., PF1, PB2 and FP7 in a
culture medium with and without a chitin source and observed that addition
of 1% (v/v) chitin in culture medium increased the bacterial population and
chitinase activity. Isolate FP7 responded well to the addition of chitin by

producing 31.2% increased chitinase in culture as

Singh et al. (2013) evaluated biocontrol potential of chitinase
from different sources i.e. bacteria, fungi, plant, insect, etc and observed
that inhibition or kiling of harmful pests by biocontrol agents is

environmentally safe and without creating any soil pollution



Surywanshi et al. (2013) treated Trichoderma viride with
different conc. of ethyl methane sulfonate (EMS) and obtained mutants
TVMEla, TVMElb, TVMElc, TVME2a, TVME2b, TVME2c, TVME3a,
TVME3b, TVME3c, TVME4a, TVME4b and TVME4c which were further
tested for chitinase productivity and found that mutants TVME4c, TVME4b
and TVME3c were highest producer of chitinase enzyme.

Farag et al. (2014) isolated five fungi from different soll
sample from Al-Jouf city, Saudi Arabia. Among them Aspergillus terrus was
found to be a good chitinase producer when 2% of shrimp-shell powder
was used as a sole carbon source in the fermentation medium. They
studied properties of the crude chitinase and investigated the antifungal
activity of crude A. terrus chitinase against Aspergillus niger, Aspergillus
oryzae, Penicillium oxysporium, Rhizoctonia solani, Fusarium oxysporium,
Rhizopus sp. and Mucor sp. and found that chitinase found to inhibit the
growth of tested phytopathogenic fungi.

Lestari et al. (2017) Extracted and characterized extracellular
chitinase from Bacillus subtilis B 298 According to production curve of the
enzyme, it was known that incubation time which gave the highest chitinase
activity of 15 hours with activity of 6.937 U/mL respectively. Effect of
various temperatures on chitinase activity showed that optimum activity
was achieved at 40°C with an activity of 5.764 U/mL respectively.
Meanwhile, the optimum pH for chitinase activity was achieved at pH of 5.0
with an activity of 6.813 U/mL respectively.

Aggarwal et al. (2017) obtained a clear chitin hydrolysis halo
(mm) formed around the bacterial colonies of actively growing 24-h
bacterial culture in Luria Bertani (LB) broth was spot inoculated in the
center of 1% CCA plate and incubated at 28 °C for 48—72 h. Promising
CDB were chosen further based on the size of chitin-degrading zones in

media.

Berini et al. (2018) opinioned that due to their mycolytic
activities, chitinase producing bacteria prevents the proliferation of
phytopathogens and holds great potential in regard to their development as

9



biofungicides. Biocontrol ability of such bacteria has been reported against

many crop pathogens.
2.4 Biochemical studies activity of B. subtilis

Mary Balle Allen (1953) studied the effect of laboratory
culture on certain biochemical characteristics of thermophilic aerobic spore
forming bacteria, subtilis shows hydrolysis of starch. hydrolysis of gelatine
and recorded observation on morphological characteristics of B subtilis as
they are rod. 3-6 0.7-1.0 u spore are characteristically oval to cylindrical
terminal and do not swell. The sporangium growth may be single or in pair
or in short chain, colony types were highly variable one a finely fimbriate

edge. smooth glossy non spreading colonies were common.

Gurney and Quesnel (1980) recorded observation on
morphology of B.subtilis var niger Circular colony, buff-white. malt textured

colony with irrigated margin elevation were noted.

Wilemse (1980) used 24 biochemical test for a and rapd
computer assisted technique for the identification of sane selected Bacillus
sp. The biochemical test shows VP postve test and 50 per cent gas

production in glucose MR positive-Starch and gelabn hydrolysis negative.

Gill et al. (1986) studied about the morphological
physiological and biochemical characters namely growth at 7 per cent
NaCl, MR-VP test . catalase test , starch hydrolysis . gelatine liquification ,
acid production etc. They concluded that B. subtilus shows 100 per cent

salt tolerance in growth and positive test for all above biochemical reaction.

Pretorius et al. (1986) recorded observation on morphological
characters of Bacillus sp. The characters are chain. motility, round spores.
ellipsoidal spores. cylindrical spores, central spores, sub-terminal, terminal

spores.

Foldes et al. (2000) observed biochemical characters of
Bacillus sp. isolates as positive reaction to starch hydrolysis. gelatin

liquefaction and negative reaction for indole production.
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Brain (2004) studied the population of culturable aerobic
endospore forming bacteria present in the soybean. Bacillus pumilus and
Bacillus subtilis reported to be most abundant bactena cultured from the

phylloplane of soybean.

Annamalai et al. (2009) studied morphological, and
biochemical tests of Bacillus subtilis isolates, showed positive reaction for
gram staining, starch hydrolysis, gelatin liquefaction and negative reaction

for indole production.

Chen et al (2008) reported three kind antibiotics isolated trom
B. subtilis and dentfied to the lipoptideo familes. surfactin. 'turin and
fengycin. These compound could function as biocontrol agents a large

spectrum of pathogens.

Zhang et al. (2008) reported that Bacillus subtilis isolates.
showed positive reaction for starch hydrolysis. negative reaction to indole

production.

Mohammadipour et al. (2009) study the characterization of
chitin producing 290 phylloplane isolates of Bacillus subtilis collected
from different ecological zones of iran Characterization was performed
using blood agar, PCR. drop-collapse. and reverse-phase high-

performance liquid chromatogtaphy (HPLC) anaiyses.

Awais et al. (2010) studied morphological and biochemical
tests of Bacillus subtilis isolates and obtained positive reaction for gram
staining, starch hydrolysis, catalase test, gelatin liquefaction and negative

reaction for gas production from glucose, jndole-production NR test.

Barman et al. (2011) obtained positive reaction for gram
staining, starch hydrolysis, catalase test, gelatin liquefaction and negative
reaction for Gas production from glucose, indole—produetion and MR test

of B.S. isolates

Khan et al. (2011) studied morphological and biochemical

tests of B. subtilis and showed that Bacillus subtilis is rod shaped. gram's
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+ve and —ve reaction to indole acetic acid production, +ve to stach

hydrolysis.

Khan et al. (2011) studied morphological and biochemical
tests of B. subtilis and showed that Bacillus subtilis is rod shaped, positive
reaction to gram's reaction and starch hydrolysis and negative reaction to
indol acetic acid roduction.

Gaur et al.(2012) studied thermostable lipotytic enzyme of B.
subtilis isolates estimated by qulative and quantitative experiments. The
isolates were identified as Bacillus sp. by morphological,biochemical and

molecular characterization.

Karimi et al. (2012) carried out biochemical test for B. subtilis
and recorded positive reaction for starch hydrolysis.

Khusro et al. (2014) recorded Bacillus subtilis strain KPA as
positive to catalase test and negative reaction t indole production and MR

test.

Jha et al. (2016) found Bacillus subtilis to be gram-positive
rod-shaped spore forming motile bacteria.

Avsar et al. (2017) reported positive reaction to gelatin

liquefaction and catalase test of Bacillus sp.

Mandla et al. (2017) reported Bacillus subtilis isolates,

showed positive reaction for catalase test.

Singh et al. (2017) found that Bacillus subtilis isolates showed
positive reaction for gram staining and negative reaction to MR test.

Zhenxiang et al. (2018) reported that the isolates od Bacillus

subtilis showed negative reaction towards indole and methyl red test.
2.5 Antagonistic activity of Bacillus subtilis

Goudar and Kulkarni (2000) studied the antagonistic nature
of Trichoderma viride, T. harzianum, Aspergillus niger, A. flavus, Bacillus
subtilis, Pseudomonas fluorescence, Penicillium spp. and Streptomyces

spp. against F. udum and found that percent inhibition was more in T. viride
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(87.03%) followed by T. harzianum (85.40%), P. fluorescence (81.87%)
and Bacillus subtilis (72.23%).

Kaswate et al. (2003) revealed that Trichoderma viride was
most effective in inhibiting various isolates of Rhizoctonia bataticola (100%)
followed by B. subtilis (87.41%) and P. fluorescens (73.98%) against
Rhizoctonia bataticola.

Siddiqui and Shakeel (2007) isolated twenty unidentified
Bacillus species from pathogen-suppressive soils of pigeonpea field for
control of wilt disease complex caused by Heterodera cajani, Meloidogyne
incognita and F. udum. Among them five isolates (B602,B603,B605,B615
and B618) were considered to have potential antifungal activity & inhibitory

effect.

Umashankar and Kumar (2013) screened five isolated
Bacillus (BCOAH2, BCOAH3, BCOAH5, BCOAH8 and BCOAHT7) and four
isolated Pseudomonas (BCOAH9, BCOAH4, BCOAH6 and BCOAH1)
against Fusarium and found that the bacterial isolates were highly
anatagonistic and inhibited the growth of Fusarium. Further they found that
isolate BCOAH6 and BCOAH5 showed 56.30 and 52.90% inhibition of

Fusarium.

Jadhav et al. (2014) recorded five isolates of Bacillus subtilis
from rhizospheric soil of wilt infected pigeonpea plants, viz. BSI, BS2, BS3,
BS4 and BS5. These isolates were evaluated for their antagonistic ability to
reduce incidence of Pigeonpea wilt. Isolates Bs5 was found most effective
against Fusarium udum which recorded 48.12% myceli growth inhibition in

dual culture technique.

Rajasekhar et al. (2016) evaluated most promising
antagonists Trichoderma harzianum (TH), Pseudomonas flourescens (PF),
Rhizobium (Rh) and Bacillus subtilis (BS) in their study for plant health
management of pigeonpea in different combinations to make consortia.
Results in this study indicated that the consortia having, treatments T7
(TH+PF+BS+Rh) (86%), T2 (TH+BS) (82%) and T5 (PF+Rh) (77%) have

shown remarkable wilt disease reduction. These results showed role of
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biological consortia to play in integrated disease management and plant
health management of pigeonpea.

Banakar et al. (2017) evaluated five bioagents T. viride, T.
harzianum, T. virens, P. fluorescens and B. subtilis against foot rot of
tomato caused by Sclerotium rolfsii and maximum mycelial inhibition was
observed in Trichoderma virens (67%), followed by T. viride (61%) and T.

harzianum (44%).

Huang et al. (2017) stated that Bacillus subtilis SL-44 has a
great potential as biocontrol agent against Rhizoctonia solani on pepper

plants.

Sumi et al. (2018) isolated five native bioagents viz.
Trichodermma harzianum, T. viride, T. koningii, Bacillus subtilis and
Pseudomonas fluorescens from the rhizosphere of pigeon pea crop using
serial dilution technique. The bioagents were screened in vitro using dual
culture plate technique to find the potential antagonists against Sclerotium
rolfsii. Out of the three Trichoderma species and two bacterial antagonists,
Trichoderma harzianum recorded the highest inhibition of Sclerotium rolfsii
(57.70%), followed by T. viride with 43.00%, Bacillus subtilis (39.20%) and
Pseudomonas fluorescens (38%), while the lowest inhibition was recorded
from T. koningii with 37.70%.

Arsia et al. (2018) tested four antagonists viz; Trichoderma
vridii (TV-S1) T. harginum (TH-S2), Bacillus subtilis (BST-S1) and
Pseudomonas fleuroscence (PSF-S2) against Fusarium udum. Among the
antagonists PSF-S2 was found most effective with highest myecelial
inhibition (77.21%) of the test pathogen followed by BST-S1 with 73.48%
and TH-S2 with 66.60% inhibition and the lowest inhibition was found with
TV-S1 with mycelial inhibition of 65.95 per cent

Al-Fadhal et al. (2019) observed that the 2 bacteria
(Pseudomonas spp. NS-1 and Bacillus spp. NS-22) reduced considerably
the Fusarium propagules in crop rhizosphere and controlled wilt disease
incidence. Bacillus spp. and Pseudomonas spp. are the most ubiquitous

soil bacteria that serve as phytostimulator and bio-protector in crop
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rhizosphere. Their antifungal metabolites are known to suppress many
soilborne phytopathogens such as Rhizctonia solani and F. solani

Ghante et al. (2019) screeved Trichoderma viride, T.
harzianum, T. hamatum, T. longibrachiatum, T. (Gliocladium) virens, T.
koningii, Aspergillus Niger, Trichoderma lignorum, Pseudomonas
fluorescens and Bacillus subtilis in vitro for their antifungal activities against
F. udum by using dual culture technique. Trichoderma viride was found
most effective with least linear mycelial growth (10.50 mm). Among

bacterial isolates B. subtilis was superior over Pseudomonas fluorescens.

Sammer (2019) opined that the biological starategy of using
B. subtilis and T. harzianum in controlling R. solani and F. graminearum in

wheat could be improved by using fungicides at low rates.
2.6 Compatibility of Bacillus subtilis with chemicals

Singh and Dube (2010) evaluated the compatibility of different
fungicides (Metalaxyl, Ridomil MZ, Captan, Difolatan, Thirum and Bavistin)
at 0.3 and 0.6% with Pseudomonas fluorescens and found that P.

fluorescens was compatible

Ahiladevi and Prakasam (2013) reported that tolerance
concentration for B. subtilis were maximum in Carbendazim (5000mg/l)
followed by Captan (3200 mg/l) whereas, Mancozeb was most inhibitory

and .

Madhuri et al (2013) studied the effect of herbicides on S.
rolfsii, R. solani and F.udum and revealed that the herbicides have certain
non- target effects on plant pathogens present in the soil may influence
plant pathogens interactions through their effect on the plant, or on the

surrounding soil organisms including symbiotic interactions.

Nusarat et al. (2014) isolated and characterized
microorganism that were capable of degrading Imidacloprid between 48-72

hours after incubation in minimal media.
Shetti et al. (2014) studied the biodegradation ability of soil
bacterium Bacillus weihenstephanesis to Imidacloprid. The result showed
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that Bacillus was able to degrade 78% Imidacloprid within four weeks of

incubation.

Basamma and Kulkarni (2017) assessed compatibility of
bacterial biocontrol agent Bacillus subtilis with commonly used chemical
fungicides viz., Carbendazim, Mancozeb, MetalaxylMZ, Wettable sulpher,
Hexaconazole, Difenconazole, Tebuconazole and Kresoxim methyl at
different concentrations of 50, 100, 250, 500, 1000, 2000, 3000 and 5000
mg/lit for solid formulation fungicides and pl/lit for liquid formulation
fungicides respectively. The compatibility tests revealed that among the
solid formulation fungicides, the B. subtilis showed more tolerance to
Carbendazim amd among the liquid formulation fungicides Hexaconazole
and Kresoxim methyl showed maximum compatibility upto 3000ul/ |
concentration. The fungicides viz., Carbendazim, Difenconazole,
Hexaconazole and Kresoxim methyl were compatible with B. subtilis at
concentrations which were recommended for were plant disease

management.

Raghavendra and Gundappagol (2017) showed that the
herbicide treatments sinhibited the development of microbial populations in
the soil, and the degree of inhibition was closely related to the mode of
application as pre emergence or post emergence and varied with the types
of herbicide. Weed free check recorded the highest number of
microorganisms at all the different growth stages and differed in herbicides
treated plots. The study suggested that the herbicide application to soil of
chickpea cultivation cause transient impacts on microbial population

growth, when applied at recommended field application rate.

Harshita et al. (2019) recorded that two potential bacterial
antagonists viz. Bacillus subtilis and Pseudomonas fluorescens were
compatible with different concentrations (50 ppm, 100 ppm, 200 ppm) of

Carbendazim and Topsin M in vitro.
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2.7 Growth promoting ability of B. subtilis

Baki and Anderson (1973) recorded germination percentage
of seeds and vigour index using the formulas. Vigour index=Percent

Germination x seedling length (shoot length+ root length).

Podile and Dube (1988) observed enhancement in plant
growth and yield of five crops through seed bacterization with an antibiotic
producing strain of Bacillus subtilis AF1.

Jacob and Sivaprakasam (1993) tested the effectiveness of
seed treatment with the fungal antagonists T. harzianum and T. viride as
well as the bacterial antagonist Bacillus subtilis against root rot of black
gram caused by Macrophomina phaseolina. The seedlings showed lower
infection and longer shoots and no significant different in the length of the

roots.

Sumitha and Gaikwad (1995) showed that antagonists T.
harzianum and Bacillus subtilis produced no adverse effects on pigeonpea
seed germination. Seed coated with antagonists germinated better than
untreated seeds and produced longer

Junges et al. (2013) confirmed the the results in which
biopriming with B. subtilis in combination with polymer coating showed
increase in germination by reduction of dead seeds, weak and abnormal

seedlings in maize

Keote et al. (2014) used bioagents against chick pea wilt
under In-vitro and green house (pot culture) conditions. Under Dual culture
bioagents Trichoderma viride, Bacillus subtilis and Pseudomonas

fluorescen showed significant results.

Mane and Yadav (2015) obtained 48.22% growth inhibition
of Fusarium oxysporum F. sp. in vitro due to B.S. under biocontrol efficacy

Shifa et al. (2015) found that among the various biocontrol
agents tested Bacllus subtilis strain G-1 was the most effective in inhibiting

the mycelial growth of S. rolfsii and recorded an inhibition of 28% of
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groundnut seeds when treated with B. subtilis G-1 showed significant
increases in root length, shoot length and seedling vigour.

Sathya (2016) opinioned that the isolated strain of Bacillus
amyloliquifaciens plays a unique role in plant growth promoting activities in
jute and showed the best effect in seed germination, seedling growth,
highest pathogen inhibition and reduction of stem rot disease severity in the

green house test.

From the successive in vitro experiments and in Vvivo
bioassay, 2 promising bacterial strains (NS-1 and NS-22) that exhibited
strong chitinolytic activities and mycolytic action were biochemically
characterized and identified as Pseudomonas spp. NS-1 (NCBI GenBank
accession number- KT175909) and Bacillus spp. NS-22 (NCBI GenBank
accession number-MH425454), using 16S rDNA sequencing. In planta,
disease severities for Pseudomonas spp. NS-1- and Bacillus spp. NS-22-
treated plants were only about 14.62 and 23.08%, respectively, as
compared to pathogen-only control (67.34%) at the end of 4 weeks.
Additionally, these bacteria improved plant germination and fresh and dry
plant biomasses under pathogen-challenged conditions. Further, both the
strains were able to cause a considerable amount of reduction in the fungal
biomass, as revealed by bacteria-pathogen interaction studies in liquid
culture. Scanning electron microscopy studies also revealed the strong
antifungal activities of these 2 chitinolytic bacteria on the pathogen hyphae
and mycelia. The curling, bulging, breakdown, and other dysfunctionalities
in fungal hyphae were induced by the biocontrol bacteria. In nutshell, the
present exclusive investigation demonstrated mycolytic potential and
biocontrol prospects of the 2 promising bacteria (Pseudomonas spp. NS-1
and Bacillus spp. NS-22) for the sustainable Fusarium wilt management

and as a phytostimulator in pigeon pea.

Dukare et al. (2020) identified and evaluated 53 native
chitinolytic rhizobacteria as biocontrol potential against pigeon pea wilt

disease caused by Fusarium udum.
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CHAPTER 1Nl

MATERIAL AND METHODS

The present investigation was carried out during 2018-19 at
Department of Plant Pathology, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola. The details of the material used and methods followed

are described in this chapter.
3.1 Material

Following material were used for experimentation.
3.1.1 Glass wares and Plastic wares

During the course of investigation following glass wares and
plastic wares were used Glass Petri plate’s (Borosil and Schott Duran,
Germany), test tubes (Borosil, Germany), conical flasks of 250ml, 500ml
and 1000ml (Schott Duran, Germany), funnel (Schott Duran, Germany),
beaker (Schott Duran, Germany), glass pipette (Schott Duran, Germany),
measuring cylinder (Schott Duran, Germany), glass cover slip, glass rod,

polypropylene Petri plates and eppendorf tubes etc.
3.1.2 Equipments

Standard laboratory equipments used for different
experiments were Autoclave (Equitron, India), BOD incubator (Sanco,
India), laminar airflow (Klenzaids, India), student microscope (Olympus,
India), refrigerator (LG, India), hot air oven (Bio-techniques, India), digital
weighing balance (Anamed, India), Bunsen burner, digital camera (Kodak,
India), double distillation unit (JSGW, India), soil sterilization tank (locally

made), etc.
3.1.3 Chemicals

Crab shell chitin for preparation of media, Streptomycin
sulphate, Mercuric chloride, Spirit etc. were obtained from Department of
Plant Pathology, Post Graduate Institute, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola.
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3.1.4 Seeds

Seeds of PKV-Tara was obtained from Pulses Research Unit

Dr. PDKV, Akola for experimentation.
3.1.5 Other materials

Blotter paper, Paper towel, non-absorbent cotton, muslin
cloth, polyethylene bags, cork borer (5 mm), inoculation needle,
micropipette, dissection needle, forceps, paper bags, butter paper bags,
pencil, permanent marker, cello tapes, Whatman filter paper (4 mm), tags,
polyethylene sheets, test tube stand, tray, hand sprayer, wash bottle,
thread, wooden sticks, potato, rubber band, scissors, etc were used during

study.
3.2 Methods
3.2.1 Collection of healthy and wilt infected soil sample

Healthy and wilt infected soil sample were collected from
different locations of Vidarbha region from root zones of healthy and
infected plants from 5 different locations of a field i.e. 4 from corner side
and one from centre at the depth of 15-20 cm. Composite samples were
prepared by mixing soil samples collected from respective field and were
stored in polythene bags or plastic containers which were properly tied and

tagged with the sample label for further study.
3.2.2 Sterilization of glassware and media

During entire course of investigation glasswares viz.,
petriplates, pipettes, flasks, etc were sterilized in hot air oven at 180°C for 1
hr. before its use, whereas distilled water and media were sterilized in

autoclave at 15 Ibs for 15 minutes.
3.2.3 Precautions to eliminate contamination

All isolation work and inoculation of microbial culture was
carried out in laminar air flow. The laminar flow was sterilized by glowing
ultra violet light for % hr prior to commencement of work. The working

surface of laminar flow and side glasses were surface sterilized with
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denatured spirit. Moreover, other such necessary care was taken to

maintain and carryout work under aseptic condition.

3.2.4 Preparation of colloidal chitin agar medium (CCA)

The colloidal chitin agar medium was prepared by using

colloidal chitin which was obtained as per the method given by Roberts and
Selintrenikoff (1988).

1) Five g of chitin powder (HiMedia Laboratories Pvt. Ltd., Mumbai) was

added slowly into 60 ml of concentrated HCI (Sd. Fine Chemicals Ltd.,

Mumbai) and left for vigorous shaking for overnight at 40°C.

2) The mixture was added to two liters of ice-cold 95 per cent ethanol

with rapid stirring and kept overnight at room temperature of 25°C.

3) The precipitate was collected by centrifugation at 5,000 rpm for 20

minutes at 4°C and then washed with sterile distilled water until the pH

of the colloidal chitin turned neutral (pH 7.0).

4) Five percent colloidal chitin solution was prepared and stored at 4°C

for further use.
5) The colloidal chitin thus obtained was used for preparation of media.

Following materials were used for preparing media.

Colloidal chitin
NazHPO 4
KH2PO4

NaCl

NH4Cl
MgSO47H20
CaCl22H20
Yeast extract
Agar Agar

Distilled water

59
29
19
0.5¢g
1g
0.5¢g
0.5¢g
0.5¢g
20g

1000 ml
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= All materials were mixed and dissolved by indirect heating (in boiling
water) and volume was made up to one litre. The medium was
distributed and poured in conical flask then plugged with non-absorbent

cotton and autoclaved at 15 Ibs. pressure for 15 minutes.

3.2.5 Screening of micro-organisms on CCA media by serial dilution
method

Soil samples collected from different places were used for
isolation of fungi and bacteria by serial dilution method. Tubes containing 9
ml distilled water were sterilized in autoclave at 1.04 kg/ cm? for 15
minutes. One gram composite soil sample of respective location was added
to 9 ml water in tube under aseptic conditions, mixed thoroughly to make
1:10 dilution. From this tube 1 ml suspension was taken with sterilized
pipette and added to 9ml water in second tube, again one ml suspension
from 2" tube was added to 3" tube. From third to fourth and likewise five
dilutions were prepared and 1ml suspension per plate was added in 3
sterilized glass petriplates. Approximately 20 ml sterilized warm CCA (at
approx. 45°C) was poured in to each plate and the plates were gently
rotated. After solidification of medium, plates were incubated at room
temperature for 7 days. Bacterial isolates exhibiting a clear zone
(degradation of chitin) around the colony were picked and the fungal
purified by frequent subculturing on NA media adopted by Velusamy and
Das (2014).

3.3 Preparation of nutrient agar medium (NA)
The medium was prepared by following ingredients
Beef extract - 3g
Peptone - 5g
Agar - 209
Distilled water - 1000m|

Beef extract and peptone were mixed in 500ml water and
agar was dissolved in another 500 ml water by heating Both the parts were

mixed and its volume was made to 1 litre. The medium was distributed in
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flasks. The slants were used for maintenance of culture and the medium in

flasks for purification of bacteria.
3.3.1 Identification of Bacillus subtilis

Organisms were identified after mounting on slides under
microscope. Gram staining and morphology were taken into consideration

for preliminary identification of Bacillus subtilis.
3.3.1.1 Gram reaction

Initial identification was made by gram staining and by
studying the morphological characters of the isolates of Bacillus subtilis.
First a smear was prepared of bacterial cells by holding a clean slide by
grasping at edges. A loopful of bacterial suspension was transferred in the
center of slide, with the help of wire loop. The drop was smeared over slide
and air dried. Then dried smear was fixed by passing the slide 3-4 times
rapidly over the flame. The smear was flooded with Crystal violet for 30
seconds, washed in the tap water. The smear was immersed in Lugol's
iodine solution for 30 seconds. washed in tap water, then decolorized with
95% alcohol and rinsed with water Counterstained with saffranin for 10
second, again washed with tap water and air dried. Drop of cedar wood oil

was placed on the slide and examined the smear under oil immersion lens.
3.4 Biochemical tests of Bacillus subtilis isolates
3.4.1 Gelatin liquefaction

The test indicated utilization of protein and production of
proteolytic enzymes by bacterium. Nutrient gelatin medium used i.e
Nutrient broth + 1.5% gelatin. Bacterial culture were inoculated through
stab of a nutrient gelatin tube incubated for 3 days. Uninoculated tubes

served as control and observed for liquefaction.
3.4.2 Catalase test

A loop full of 24 hours old culture of the test bacterium was
placed on the clean glass slide and to this a drop of 3% hydrogen peroxide
(H202) was mixed and allowed to react for few minutes and observed for

the production of gas bubbles.
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3.4.3 Potassium hydroxide (KOH) solubility test

Two drop of 3% potassium hydroxide (KOH) was placed on a
glass slide. A loop full of culture was picked up the medium with help of
inoculating needle and mixed with KOH drop for 10 seconds and raised the
needle at 0.5 to 2 cm above formation of thread was treated as positive
test.

3.4.4 Arginine Dihydrolise

An inoculum from a pure culture was transferred aseptically to
a sterile tube of arginine dihydrolase broth The inoculated tube was
incubated at 35-37 °C for 24 hours and the preliminary results were
determined. The microbe first used the glucose present to cause the pH to
drop. This was indicated by a change from purple to yellow. Once the
medium has been acidified, the enzyme arginine dihydrolase is activated.
The culture was incubated for an additional 24 hours at 35-37 °C to allow
the microbe to use the arginine. The final results are then obtained by
observing the tube at 48 hours. Change back to purple from yellow
indicated positive test for arginine dihydrolase. Failure to turn yellow at 24

hours or to revert back to purple at 48 hours indicated negative result
3.4.5 Sodium Chloride (NaCl)

Medium was prepared by mixing Heart digest (10 g),
enzymatic digest of animal tissue (10 g), NaCl (65 g), dextrose (1 g) and
bromocresol purple (0.016 g), in 1000 ml. water. One or two colonies from
an 18- to 24-hour culture were incubated into 6.5% NaCl broth. The tubes
were incubated at 35-37 °C in ambient air for 48 hours. Examined the tubes
for turbidity after 24 hours again at 48 and 72 hours for negative. Visible
turbidity in the broth, with or without a color change from purple to yellow
indicated positive results. Turbidity alone indicated positive test while No
turbidity and no color change after 72 hours of incubation indicated

negative test.
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3.4.6 Methyl Red

MR-VP broth was used for both MR Test and VP test. Only
the addition of reagent differed and both tests were carried out
consecutively. Inoculated two tubes containing MR-VP Broth with a pure
culture of the microorganisms under investigation. Incubate at 35 °C up to 4
days. Add about 5 drops of the methyl red indicator solution to the first tube
(for Voges-Proskauer test, Barrit's reagent was added to another tube). A
positive reaction was indicated by the change in color of the medium to red

within a few minutes.
3.4.7 H2S production

Ten ml of SIM agar media (beef extract-3 g, peptone-30 g,
ferrous ammonium sulphate-0.2 g, sodium thiosulphate 0.025 g and
distilled water) was poured in each test tubes and autoclave at 15 psi for 15
min. A loop full culture of Bacillus subtilis was inoculate by means of stab
inoculation in each test tube, then lead acetate paper was inserted in these
tubes and hold by the plugs above the culture without touching the
medium. The tubes were inoculated at 30°C for three days. If filter paper

strips turns black, it indicated the positive test for H2S production.
3.5 Isolation of test organisms
3.5.1 Preparation of PDA

The medium was prepared by following ingredients

Peeled potato - 200g
Dextrose - 20g
Agar - 209
Distilled water - 1000ml

» Peeled potatoes were sliced into pieces and boiled in 600 ml water till

properly cooked.

» The starch extract was strained through muslin cloth and measured. In

remaining water, dextrose and agar were mixed.

= Potato starch extract was added to it and volume was made to 1 litre.
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= The medium was distributed in flasks and sterilized in autoclave.

» This media was used for purification of fungi from colloidal chitin agar

media whereas slants were used for maintenance of culture
3.5.2 Isolation

Soil samples were collected from rhizosphere of different
crops. Test tubes with 9 ml distilled water were sterilized in autoclave for

preparation of water blank.
Procedure:-

1) Dilution blank was labeled 10, 102, 103, 104, 10, 10, 107 and 3

plates marked with marking pencil.

2) Prepared initial dilution by adding 1 g of air dry soil sample from
composite sample into 9 ml distilled sterilized water and dilution blank

labeled 10-1. Thus diluting original sample 10 times (1:10).

3) The dilution was vigorously shaken to obtain uniform distribution and

release of microorganism from adhering soil particles.

4) The soil particles were allowed to settle and from the first dilution
transferred 1 ml of suspension to the dilution blank number of 10-? by

sterile pipette shaken well for minutes.

5) 1 ml suspension was transferred from 102 to 107 dilution blank with a
fresh sterile pipette.

6) The procedure was repeated till the original sample had been diluted

to 107 using every time a fresh sterile pipette.

7) 1 ml of suspension was transferred from the appropriate dilution (106
and 107) with respective pipette to sterile Petriplates. Three

Petriplates were used for each dilution.

8) Approximately 20 ml melted medium was added to each Petridish,
containing the diluted sample. The content of each dish was rotated

gently to distribute the cell through out the medium.

9) The plates were allowed to solidify and plates were incubated in an

inverted position for 48hr at 28+2°C. The 6™ and 7" dilution were
26



plated in Petriplates containing selective medium for isolating Bacillus
subtilis.

10) Well separated individual colonies with whitish colour and cream

colour pigments were marked.

11) The individual colonies were picked up with sterilized loop and

transferred on fresh NA medium plate to establish pure culture.
3.6 Study of antagonistic activity

Antagonistic activities of isolated Bacillus subtilis against
pathogens causing root infection in pigeonpea (F. udum, R. bataticola and

S. rolfsii) was studied in lab by dual culture technique
3.6.1 Dual culture Technique

Dual culture technique as described by Vincent (1927) was
adopted for estimating the ability of Bacillus subtilis isolates as an
antagonist against Fusarium udum, Rhizoctonia bataticola and Sclerotium

rolfsii.

» The tests were carried out on PDA medium in triplicate. The mycelia
disc (5mm) was taken from 7 days old culture of pathogen individually
and transferred to centre of agar plate and bacterial isolate was
streaked by inoculating needle to both side of pathogen at equal

distance

* The plate were incubated at 28+2 °C for 5 days and then inhibition of

mycelial growth of pathogen was measured.

= Antagonistic effect was expressed as zone of inhibition by substracting
colony diameter of the fungus from the control. Control plates were run

without antagonistic organism.
3.7 Preparation of carrier based inoculam of B. subtilis

The best performing isolates of B. subtilis was used for

preparing carrier based inoculam.

The B. subtilis multiplied on Nutrient Broth. 5-7 days old

culture from respective broth was used for preparation of carrier based
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inoculam. The bacterial growth obtained after incubation were mixed with
the talc powder in 1:2 proportion i.e., 100 ml broth culture of B. subtilis were
mixed in 200g of sterilized talcum powder, the count were maintained as
per BIS and dried in shade. After overnight drying the formulation having B.

subtilis were packed in polythene bag.

The bags were sealed and kept for further use, seeds of
pigeonpea variety PKV-Tara was treated with these formulations at

recommended doses.

3.8Effect of Bacillus subtilis isolates on seedling vigour index by

paper towel method
3.8.1 Procedure for germination test

1. Paper towel was spread on flat surface and was moisten with water
until it was thoroughly damp. Pigeonpea seeds of PKV-Tara was

treated with isolates of Bacillus subtilis individully @10 g/kg of seed.

2. One hundred seeds from each treatment were placed on paper towel
keeping 10 seeds in a row. Ten such rows were placed on paper, for

each treatment 3 replication were made.

3. Second moistened towel paper was taken and was carefully placed

over the first paper leaving the seeds sandwiched between two towels.

4. The paper were rolled up with the seeds in between and placed in
sealed container that retained the moisture. The container were placed

in an area of relatively stable temprature

5. After required germination period (10 days after placing) seeds on
paper towel were removed from the container and unwraped carefully

so that the fragile shoots were not destroyed.

6. The seedling were observed for germination percent, root length, shoot
length and seedling vigour index was calculated by following way.
Number of seed germinated

Germination percent = X 100
Number of seed sown
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Vigour index = Percent Germination x seedling length (shoot length+
root length).

Given by Abdul Baki and Anderson (1973)

3.8.2 Preparation of carrier based cultures of isolates of Bacillus

subtilis

3.9 Sensitivity of Bacillus subtilis isolates to Pesticides (Posion food
technique)

Poison food technique was employed to test the sensitivity of
isolates of Bacillus subtilis to commonly used fungicides, weedicides &

insecticides

Following chemicals were used for poision food technique

Sr. No. Name of Chemicals Conc.
Fungicides

1. Thiram 0.3%

2. Carbendazim 0.1%

3. Carboxin + Thiram 0.3%

(Combined product)

Insecticides
4. Imidacloprid 0.4%
5. Thiomethoxom 0.4%
Weedicides
6. Imazethapyr 0.3%
7. Pendimethalin 0.7%

» The above fungicide, weedicide and insecticide with their respective
concentrations were incorporated in Nutrient agar Medium before

pouring in plates.
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* Five plates of each fungicide, weedicide and insecticide were inoculated
with 1ml bacterial suspension from 7% dilution of carrier based
inoculants. The plates were incubated for 1-2 days. Control plates were
run without chemicals. CFU were measured after 24-48hr of incubation

and sensitivity was judged based on population in control.

» The inhibition of bioagent was calculated by following formula.

No. of colonies — No. of colonies
in control in treatment
% growth inhibition = =—-=-mrm o --- x 100
No. of colonies in control

3.10 Statistical analysis

Statistical analysis was done by using method of analysis of
variance Means were tested for significance and critical difference was
used for compairing the differences between the treatments (Panse and
Sukhatme,1967).
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CHAPTER IV

RESULT AND DISCUSSION

The research work on “Antagonastic activity of Bacillus
subtilis against Fusarium udum” was carried out during Kharif 2018-19 in
Department of Plant Pathology, Dr. Panjabraoc Deshmukh Krishi
Vidyapeeth, Akola.

The observations recorded and the data generated through
different experimentation is interpreted and presented in this chapter.
Bioagents are the important component of integrated pest/disease
management. Microbial pesticides are emerging as major driving force to
the chemicals, as indiscrimination and excessive use of chemicals disturb
the eco system. In this study native biocontrol agents were screened on the
basis of their ability of chitin degradation and tested against soil borne

pathogens of pigeon pea by dual culture method.

4.1 Isolation of Bacillus subtilis from healthy and wilt infected soil
sample from different places of Vidarbha

During the study soil samples from the rhizosphere of pigeon
pea healthy and wilt infected plants were collected from different places of
Vidarbha.

Fourty soil samples were collected i.e. 9 from Akola, 9 from
Buldhana, 9 from Amravati, 9 from Washim, 2 from Nagpur, 1 from
Chandrapur,1 from Gadchiroli from different places of fields during June to
September 2018 (Table 1).

These collected soil samples were used to isolate Bacillus
subtilis by serial dilution technique on selective media. The isolated B.
subtilis were assessed for chitin degrading ability. For this Colloidal Chitin
Agar media was used and the serial dilution method was employed. Data
revealed that out of 40 soil samples, 10 samples contained Bacillus subtilis
exhibiting chitin degradation ability on CCA media while the remaining 30
were emptied. Colonies exhibiting clear zone on colloidal chitin agar media
were picked up, purified & reconfirmed as B. subilis based on their

morphological and cultural characteristics on media.
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Table 1. Soil samples exhibiting zone of solublization on CCA media

Sr. No.

Dist.

Location

Zone of solubalization
observed

Akola

Akot

Balapur

Barshitakli

Borgaon Manju

Lakhanwada

Murtijapur

Patur

Shirla

Wadala

Amravati

Advi

Amravati

Bhatkuli

Daryapur

Loni

Ner

Nimbhora

Paratwada

Pedhi

Uprai

Buldhana

Amdapur

Chikhali

Janephal

Kolara

Lakhanwada

Lavala

Mehkar

Sakharkhelda

Undri

Chandrapur

Chandrapur

ok

Gadchiroli

Gadchiroli

Washim

Kamargaon

Karanj

Malegaon

Mangurpur

Medshi

Risod

Tiwali

Vyad

Wakad

Nagpur

Katol

Nagpur

XX XXX 2] 2] <] XXX XX XX |2 XXX |2 2 XXX XXX XXX | 2 XX | X |2 2| X | X | X | X| <
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Pure culture plate

Plate 1. Isolation of Bacillus subtilis
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4.2 Bacillus subtilis identified based on morphological and cultural

characteristics

From the collected soil samples isolates of ten Bacillus
subtilis were obtained. Based on their morphological characters the isolates

were identified

The Bacillus subtilis exhibited their ability of chitin degradation
and solubilization zone ranged from 5 to 9 mm with the maximum by
Bacillus subtilis from Patur and Medshi 9 mm and the least of 5 mm by BS8
& BS9 l.e. isolate from Mehkar & Janephal zone range. The selection of
Bacillus subtilis through potential of chitinase from bacteria were also made
by Shubakov and Kucheryavkh (2004), Nandkumar et al. (2007) and
Jayalakshmi et al. (2009) and Singh et al. (2013) observed high inhibitory
ability against pathogens. Narayanan et al. (2013), Suryawanshi et al.
(2013) and Farag et al. (2014) made their studies on the basis of chitinase
activity of A. terrus, Trichoderma viride and A. flavus respectively and the
same were proved efficient antagonist against pathogens. The similar basis

was adopted for selecting the bioagents under present studies.

Table 2. Bacillus subtilis isolated from soil samples

Sr. No. Location Zone of Labelled as
of samples | solublization (mm)

1 Patur 9 BS1
2 Murtijapur 7 BS2
3 Medshi 9 BS3

4 Risod 7 BS4
5 Mangrurpur 7 BS5
6 Akot 7 BS6
7 Amravati 6 BS7
8 Mehkar 5 BS8
9 Janephal 5 BS9
10 Chikhli 6 BS10
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4.3 Hydrogen ion concentration and electrical conductivity

4.3.1 Hydrogen ion concentration and electrical conductivity of use

soil samples containing chitin degradily B. subtilis

Data presented in Table 3 showed that the pH and EC of the
soil samples which contained B. subtilis having chitin degrading ability on
CCA was ranged from 8.1 to 8.6 and 0.21 to 0.52 dSm™ respectively
having isolate with maximum solubilizing zone. Soil samples showed least
pH and EC i.e. 8.1 and 0.21 dSm™ respectively whereas Janephal having
isolate with minimum zone of solubilization sample exhibited more pH of
8.5 and less EC of 0.29 dSm-L. Although the trend indicated maximum zone
of zone solubilisation with least PH and EC, it could not be confirmed
because of lack of literature on this aspect, however it can be considered

PH and EC plays an important role in supporting the activity of bioagents.

Table 3. Hydrogen ion concentration, electrical conductivity and

population of B. subtilis

Location _ -

Sr. Population of B. subtilis

of pH EC (dSm™)

No (cfu x 107)
Samples

1. BS1 8.2 0.40 50.66

2. BS2 8.3 0.52 50.33

3. BS3 8.1 0.21 54.33

4. BS4 8.3 0.30 41.66

5. BS5 8.4 0.41 44.00

6. BS6 8.3 0.39 44.33

7. BS7 8.5 0.34 39.00

8. BS8 8.5 0.31 38.10

9. BS9 8.6 0.29 34.10

10. BS10 8.5 0.40 41.66
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The population of the Bacillus subtilis on its respective media
also varied and seen to be fluctuated according to the ability of chitin
degradation. Isolate BS3 show maximum population (54.33X107 cfu/g)
followed by BS1(50.66X107 cfu/g) which were having maximum zone of
solubilisation on CCA media i.e. 9mm. the least population of 34.10x10’
cfu/g of soil was recorded in BS9 followed by BS8 38.10x107 cfu/g where
the zone of solubilisation was also least i.e 5mm. this indicated that the
population of the bioagent varied depending upon their aggressiveness or
ability of having chitin degradation which on, although since logically true,

needs more data for confirmation.
4.4 Biochemical Characterization of Bacillus subtilis

Biochemical tests were carried out to identified the Bacillus
subtilis and results revealed that the strains collected from different regions

were B. subtilis strains.

Obtained from various test are presented in table 4 and plate
2a and 2b revealed that all the isolates tested positive for Gram reaction,
negative for KOH, positive for catalase test, gelatin liquification, growth in
5% NaCl, Arginine dehydrolase, H2S production and negative for methyl

test.

Gill et al. (1986), Foldes et al. (2000) Annamalai et al. (2009),
Zhang et al. (2008) Awais et al. (2010), Barman et al. (2011), Khan et
al.(2011), Karimi et al. (2012), Khusro et al. (2014), Jha et al. (2016), Ausar
et al. (2017), Mandla et al. (2017), Singh et al. (2017) and Zhenxiang et
al.(2018) are some of the workers who reported similar observation in one
or other biochemical test for Bacillus subtilis. Their findings and the result of

present study supported the confirmation of isolates as Bacillus subtilis.
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Table 4. Biochemical test of Bacillus subtilis

Sr. No. | Isolates Control | BS1 BS2 BS3 BS4 BS5 BS6 BS7 BS8 BS9 BS10
1 Gram reaction - +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
2 KOH - -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve
3 Catalase test - +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
4 Gelatin liguifiction -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
5 Growth in 5%Nacl -ve +tve +tve +tve +ve +ve +ve +ve +tve +tve +ve
6 Arginine Dihydrolase -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
7 Methyl Red test -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve -ve
8 H2s production -ve +ve +ve +ve +ve +ve +ve +ve +ve +ve +ve

-ve =Negative; +ve = Positive
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Plat 2a. Biochemical Characterization of Bacillus subtilis
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Growthin 5% Nacl

H2S Production Test
Methyl red test

Plate 2b. Biochemical Characterization of Bacillus subtilis
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4.5

In vitro Efficacy of

Bacillus

R. bataticola and S. rolfsii

iIsolates against

F. udum,

Tested bacterial antagonists are able to minimize growth of

fungus causing disease in pigeon pea. Among ten isolates of Bacillus BS3

(Medshi) allowing only 6.92 mm mycelial growth with 92.31%

proved

based over all other isolates however was at par with BS1 i.e. Patur

isolates. Both the isolates exhibited maximum zone of solubilization on

CCA media also. Least inhibition of Fusarium udum was observed in
isolate BS7 80.73%. All other isolates also inhibited the growth of F. udum

significantly over control.(Plate 3a)

Table 5. Efficacy of Bacillus isolates against F. udum, R. bataticola

and S. rolfsii
F.udum R. bataticola S. rolfsii
Isolates Colony | Percent | Colony | Percent | Colony | Percent
diameter| Growth |diameter| Growth |diameter| Growth
(mm) |Inhibition| (mm) |Inhibition| (mm) |Inhibition
BS1 7.22 91.98 10.14 88.73 10.36 88.48
BS2 8.03 91.08 10.36 88.49 11.59 87.13
BS3 6.92 92.31 9.57 89.37 9.92 88.97
BS4 8.51 90.14 14.36 84.04 14.48 83.91
BS5 9.51 89.84 18.33 79.63 18.66 79.26
BS6 8.85 90.16 16.36 81.82 16.66 81.49
BS7 10.14 80.73 22.59 74.90 22.11 75.44
BS8 10.85 87.94 26.25 70.83 19.92 74.90
BS9 11.36 87.37 27.59 69.35 27.89 69.01
BS10 9.05 89.39 19.59 78.24 19.66 78.15
Control 90.00 00 90.00 00 90.00 00
Ftest Sig - Sig - Sig -
SE(m)+ 0.13 - 0.24 - 0.29 -
CD(P=0.01) 0.61 - 1.15 - 1.36 -
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Fig. 1 Efficacy of Bacillus isolates against F. udum, R. bataticola and
S. rolfsii
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Plat 3c. Efficacy of Bacillus subtilis against S.rolsfii
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Similar trend of efficiency was achieved against R. bataticola
due to Bacillus isolates. Maximum effect was noted due to BS3 with 9.57
mm growth of pathogen and 89.37% inhibition. Minimum ability was noted
due to BS9 with 27.59% inhibition of test pathogen. Isolate BS3 and BS1
were at par with each other in inhibiting the growth of R. bataticola.(Plate
3b)

Highest efficiency with 88.97% inhibition of S. rolfsii was also
noted due to BS3. Where the pathogen could grew only upto 9.92 mm as
against 90 mm without antagonist followed by BS1 with 88.49% growth
inhibition of pathogen.(Plate 3c)

All the tested isolates proved antagonistic inhibiting activity of
the growth of F. udum, R. bataticola and S. rolfsi in vitro. The isolated
having a more zone of solubilization on CCA media i.e. more chitinase
activity perform better than isolates having comparatively less zone of
solubilization on CCA media i.e. less chitinase activity.

The antagonistic activity Bacillus subtilis against F. udum, R.
bataticola and S. rolfsi is very well known and recorded by various workers
like Gonder and Kulkarni (2000), Kaswate et al. (2003), siddiqui and
Shakeel (2007), Jadhav et al. (2014), Arsia et al.(2018), Dukre et al. (2020)
and Berini et al. (2018).The bioagents and their isolates vary from location
to location and so as their efficacy Finding a suitable highly aggressive
isolate of a potent biocontrol agent needs to be focused for a particular
region/location which yielded a significant achievement in the form of
isolate BS3 of Bacillus collected from Washim and Akola district. The
results of the present studies can be taken as an rapid method screening
the bioagents for their antagonistic activity based on zone of solubilization
on CCA media as it was found directly correlated with the performance of
the isolates in suppressing the growth of F. udum, R. bataticola and S rolfsi

in vitro.
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4.6 Sensitivity of Bacillus subtilis to commonly used pesticides
4.6.1 In vitro effect of pesticides on growth of Bacillus isolates

Now days most of the seeds obtained from seed companies
are treated with various seed dressing chemicals i.e. fungicides
insecticides etc. with this view selected antagonists were tried against
Pesticides at their recommended doses and their effect was assayed by
Poison food technique.

Bacillus generally use as seed treater for reducing some
soil/seed borne pathogens, colony forming units affected due to pesticides

are noted .

Imidacloprid exhibited more than 50% inhibition almost all
isolates of B. subtilis as compared to control indicating detrimental against
Bacillus. Isolate BS3 recorded highest CFU i.e. 60.37x107 which was being
lowest i.e. 48.26x107 in BS9. Thiomethoxom was also found non tolerable
to isolates as less than 50% viable colonies in this chemical were
observed. Isolate BS3 was least sensitive to Thiomethoxom with 54.76%
inhibition. Isolate BS3 was found significantly superior over all others

isolates in sustaining the effect of both the insecticides.(Plate 4)

Combined product of Carboxin + Thiram and Thiram alone
was completely toxic to all isolates of Bacillus while Carbendazim exhibited
maximum inhibition of 70.14% in BS9. The least sensitive isolate to this
fungicide was also exhibited by BS3 with 42.97% inhibition. Only which was

significantly or superior over all other isolates.(Plate 4)

Weedicides were found to be comparatively less hazardous

to Bacillus isolates than insecticides and fungicides.

Pendimethalin in most cases supported more than 50%
growth of Bacillus isolates. The maximum inhibition in this weedicide was
66.43%, while in imazethypr it was 65.69% in BS9 isolates. Among all the
isolates, BS3 showed least sensitivity to the weedicides whereas BS9

exhibited highest sensitivity.(Plate 4)
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Table 6. Sensitivity of Bacillus isolates to pesticides

CFU of Bacillus isolates x107

Imidacloprid |Thiomethoxom |Carboxin+Thiram Thiram Carbendazim | Pendimethalin | Imazethypr
Isolates CFU in (0.4%) (0.4%) (0.3%) (0.3%) (0.1%) (0.7%) (0.3%)
Control % % % % % % %
CFU reduction CFU reduction CFU reduction CFU reduction CFU reduction CFU reduction CFU reduction
Bsl 140 |57.78| 58.73 [52.14| 62.84 00 100 00 100 |78.55| 44.15 |82.77| 40.88 |57.78| 58.92
Bs2 140 |57.59| 58.87 [50.44| 64.05 00 100 00 100 |75.57| 46.27 |77.59| 4458 |57.59| 59.06
Bs3 140 |60.37| 56.88 [63.48| 54.76 00 100 00 100 [80.22| 42.97 |83.33| 40.48 [60.37| 57.08
Bs4 140 |55.44| 60.40 [49.14| 64.98 00 100 00 100 |72.25| 48.63 [74.81| 46.56 |55.66| 60.43
Bs5 140 |55.66| 60.24 [45.33| 67.70 00 100 00 100 |60.55| 56.95 [69.85| 50.11 |54.53| 61.23
Bs6 140 |54.53| 61.05 [36.44| 74.03 00 100 00 100 |70.55| 49.84 |71.10| 49.21 |55.44| 60.58
Bs7 140 |52.37| 62.60 [45.33| 67.70 00 100 00 100 |56.57| 59.78 |50.33| 64.05 |52.37| 62.77
Bs8 140 |50.62| 63.84 [44.00| 68.65 00 100 00 100 |56.31| 59.97 (49.64| 40.48 |50.62| 64.01
Bs9 140 [48.26| 65.53 [36.44| 74.03 00 100 00 100 |42.00| 70.14 |47.00| 66.43 |48.26| 65.69
Bs10 140 |52.99| 62.15 [40.14| 71.39 00 100 00 100 |57.67| 59.00 |65.33| 53.34 |52.78| 62.33
Ftest Sig - Sig - - - - - Sig - Sig - Sig -
SE(m)+ 0.26 0.15 0.30 0.24 0.26
CD
(P=0.01) 1.24 0.70 1.43 1.12 0.91
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Fig. 2 Sensitivity of Bacillus isolates to pesticides
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Plate 4. Sensitivity of Bacillus isolates to pesticides
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In vitro studies clearly established that Bacillus spp can
compatible with recommended dose of pesticides but in some cases i.e. in
combined product of Carboxin + Thiram and Thiram alone the bioagent
was sensitive, Shetti et al. (2014) studied the biodegradation ability of soil
bacterium Bacillus weihenstephanensis to imidacloprid, they showed that
Bacillus was able to degrade 78% imidacloprid within four weeks of
incubation. Comparatively less toxic effect of insecticides and weedicides
on Bacillus is also recorded in present study. Inhibitory effect of some
fungicides on B. subtilis was also reported by Ahiladevi and Prakasam
(2013) . Basmana and kulkarni (2017) also recorded more tolerance to
carbendenzim by B. subtilis compared to other fungicides which favours
the findings of present study. Compatability by carbendenzim with B.

subtilis was also recorded by Harshita et al. (2019).

4.7 Growth promoting ability of Bacillus subtilis by Paper towel
method

Isolates of Bacillus subtilis were treated to Pigeon pea for
observing its growth promoting ability. The seedling vigour index was

recorded and Presented in Table 8.

The data presented in Table 7 revealed that significantly
highest germination percentage 75.00% was recorded due to application of
BS3 @ 10 gm/ kg of seeds, which was at par with BS1 @ 10 gm/kg of
seeds (74.55%) and BS2 @ 10gm/kg of seeds (74.04%). It was followed by
BS4 @ 10gm/kg of seeds with 73.22%, BS5 @ 10gm/kg of seeds with
72.07%, BS6 @ 10gm/kg of seeds with 72.03%, BS10 @ 10gm/kg
of seeds with 71.55%, BS8 @ 10gm/kg of seeds with 71.10%, BS7
@ 10gm/kg of seeds with 71.00% and BS9 @ 10gm/kg of seeds with 70.00
%.

Similarly root length, shoot length and seedling vigour index
was also highest due to isolate BS3 i.e. 8.44 cm, 19.07 cm and 2082
respectively. Compared to 6.0 cm, 11.44 cm and 1046 root length, shoot
length and seedling vigour index in control. Among all isolates, isolate BS9

proved inferior in promoting germination %, root length, shoot length and
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there by seedling vigour index of pigeon pea where the parameters were
recorded as 70%, 6.89 cm, 17.03 cm and 1687 respectively.(Plate 5)

Table 7. Growth promoting ability of Bacillus subtilis in Pigeon pea

(Paper towel method)

Isolates Applicat” |Germination| Root Shoot | Seedling
rate gm/kg % length | length vigour
seeds (cm) (cm) index
BS1 10 74.55 8.03 18.54 2004
BS2 10 74.04 8.13 18.44 1953
BS3 10 75.00 8.44 19.07 2082
BS4 10 73.22 8.31 18.14 1921
BS5 10 72.03 7.87 18.00 1873
BS6 10 72.07 8.03 18.00 1874
BS7 10 71.00 7.54 17.71 1808
BS8 10 71.10 7.07 17.33 1736
BS9 10 70.00 6.89 17.03 1687
BS10 10 71.55 7.44 17.88 1835
Control - 60 6.0 11.44 1046
F test - Sig Sig Sig -
SE (m)+ - 0.28 0.08 0.11 -
CD(P=0.01) - 0.98 0.37 0.40 -

All isolates proved significantly superior over control in
promoting the growth of pigeon pea. These findings are in conformity with
Podile and Dube (1988) who observed enhancement in plant growth
through seed bacterization with an antibiotic producing strain of B. subtilis.
Sumitha and Gaikwad (1995) showed that antagonists Bacillus subtilis
produced no adverse effects on pigeonpea seed germination, seed coated
with antagonists germinated better than untreated seeds and produced
longer roots and shoots. Jacob and Sivaprakasam (1993) and Dukare et al.

(2020) also recorded same findings in the line of agreement of present.

Overall it was observed that native isolates of Bacillus subtilis

having good antagonistic activity when tested against soil borne pathogens
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Fig. 3 Growth promoting ability (Seedling vigour index) of Bacillus
subtilis in Pigeon pea (Paper towel method)
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Control

Plate 5. Growth promating ability (Germination) of Bacillus subtilis on pigeon pea
by paper towel method
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of pigeon pea i.e. F. udum, R. bataticola and S. rolfsii and growth

promoting ability of pigeon pea.

Among all Bacillus isolates BS3 from Medshi proved best
exhibiting maximum zone of solubilization on CCA media, highest
antagonistic activity against F. udum, R. bataticola and S. rolfsii, least

sensitivity to pesticide and enhanced seedling vigour index.

Biocontrol Bacillus is now a days becoming popular among
the farmers. The present study can be consider as basis for promoting
Bacillus subtilis also for management of soil borne pathogens of pigeon
pea and also for providing highly efficient isolate of this bioagent to the end

users.
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CHAPTER V

SUMMARY AND CONCLUSIONS

The research work on “Antagonastic activity of Bacillus
subtilis against Fusarium udum” was carried out during Kharif 2018-19 in
Department of Plant Pathology, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola.

Fourty soil samples were collected i.e. 9 from Akola, 9 from
Buldhana, 9 from Amravati, 9 from Washim, 2 from Nagpur, 1 from
Chandrapur,1 from Gadchiroli from different places of fields during June to
September 2019. Ten soil samples contained Bacillus isolates by exhibiting

zone of solubilization on CCA.

Hydrogen ion concentration and electrical conductivity of soil
samples containing B. subtilis having chitin degrading ability on CCA was

ranged from 8.1 to 8.6 and 0.21 to 0.52 dSm™! respectively.

The population of the Bacillus subtilis on its respective media
also varied and seen to be fluctuated according to the ability of chitin
degradation. Isolate BS3 show maximum population (54.33X107 cfu/g)
followed by BS1(50.66X107 cfu/g) which were having maximum zone of
solubilisation on CCA media i.e. 9mm. the least population of 34.10x10’
cfu/g of soil was recorded in BS9 followed by BS8 38.10x107 cfu/g where
the zone of solubilisation was also least i.e 5mm. this indicated that the
population of the bioagent varied depending upon their aggressiveness or
ability of having chitin degradation which on, although since logically true,

needs more data for confirmation.

Biochemical tests were carried out to identified the Bacillus
subtilis and results revealed that the strains collected from different regions
were B. subtilis strains. Obtained from various test that all the isolates
tested positive for Gram reaction, negative for KOH, positive for catalase
test, gelatin liquification, growth in 5% NaCl, Arginine dehydrolase, H2S

production and negative for methyl test.

Tested bacterial antagonist were able to minimize growth of

fungus causing disease in pigeon pea. Among ten isolates of Bacillus BS3
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(Medshi) allowing only 6.92 mm mycelial growth with 92.31% proved best
over all other isolates however was at par with BS1 i.e. Patur isolates. Both
the isolates exhibited maximum zone of solubilization on CCA media also.
Least inhibition of Fusarium udum was observed in isolate BS7 80.73%. all

other isolates also inhibited the growth of F. udum significantly over control.

Similar trend of efficiency was achieved against R. bataticola
due to Bacillus isolates. Maximum effect was noted due to BS3 with 9.57
mm growth of pathogen and 89.37% inhibition. Minimum ability was noted
due to BS9 with 27.59% inhibition of test pathogen. Isolate BS3 and BS1
were at par with each other in inhibiting the growth of R. bataticola. Highest
efficiency with 88.97% inhibition of S. rolfsii was also noted due to BS3.
where the pathogen could grew only upto 9.92 mm as against 90 mm
without antagonist followed by BS1 with 88.49% growth inhibition of
pathogen.

Sensitivity of Bacillus subtilis to commonly used pesticides,
Imidacloprid exhibited more than 50% inhibition almost all isolates of B.
subtilis as compared to control indicating detrimental against Bacillus.
Isolate BS3 recorded highest CFU i.e. 60.37x107 which was being lowest
i.e. 48.26x107 in BS9. Thiomethoxom was also found non tolerable to
isolates as less than 50% viable colonies in this chemical were observed.
Isolate BS3 was least sensitive to Thiomethoxom with 54.76% inhibition.
Isolate BS3 was found significantly superior over all others isolates in
sustaining the effect of both the insecticides.

Combined product of Carboxin + Thiram and Thiram alone
was completely toxic to all isolates of Bacillus while Carbendazim exhibited
maximum inhibition of 70.14% in BS9. The least sensitive isolate to this
fungicide was also exhibited by BS3 with 42.97% inhibition. Only which

was significantly or superior over all other isolates.

Weedicides were found to be comparatively less hazardous
to Bacillus isolates than insecticides and fungicides. Pendimethalin in most
cases supported more than 50% growth of Bacillus isolates. The maximum

inhibition in this weedicide was 66.43%, while in imazethypr it was 65.69%
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in BS9 isolates. Among all the isolates, BS3 showed least sensitivity to the

weedicides whereas BS9 exhibited highest sensitivity.

Root length, shoot length and seedling vigour index was also

highest due to isolate BS3 i.e. 8.44 cm, 19.07 cm and 2082 respectively.

Compared to 6.0 cm, 11.44 cm and 1046 root length, shoot length and

seedling vigour index in control. Among all isolates, isolate BS9 proved

inferior in promoting germinaton %, root length, shoot length and there by

seedling vigour index of pigeon pea where the parameters were recorded
as 70%, 6.89 cm, 17.03 cm and 1687 respectively.

CONCLUSIONS :

>

>

Ten soil samples from fourty showed chitin degrading ability on CCA.

Janephal isolate with minimum zone of solubilization sample exhibited
more pH of 8.5 and less EC of 0.29 dSm-_.

Isolate BS3 showed maximum population (54.33X1% cfu/g) followed by
BS1 (50.66X1°%" cfu/g) which were having maximum zone of

solubilisation on CCA media i.e. 9mm.

All the isolates B. subtilis tested positive for Gram reaction, negative for
KOH, positive for catalase test, gelatin liquification, growth in 5% NacCl,

Arginine dehydrolase, H2S production and negative for methyl test.

Among ten isolates of Bacillus BS3 (Medshi) allowing only 6.92 mm
mycelial growth of F. udum with 92.31% proved based over all other

isolates however was at par with BS1 i.e. Patur isolates.

Maximum inhibition of R. bataticola was noted due to BS3 with 9.57 mm
growth of pathogen and 89.37% inhibition.

Highest efficiency with 88.97% inhibition of S. rolfsii was also noted due
to BS3. where the pathogen could grew only upto 9.92 mm as against
90 mm without antagonist followed by BS1 with 88.49% growth
inhibition of pathogen.

Imidacloprid exhibited more than 50% inhibition of almost all isolates of
B. subtilis as compared to control indicating detrimental against

Bacillus.
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Isolate BS3 was least sensitive to Thiomethoxom with 54.76%
inhibition. Isolate BS3 was found significantly superior over all others

isolates in sustaining the effect of both the insecticides.

Combined product of Carboxin + Thiram and Thiram alone was

completely toxic to all isolates of Bacillus.

Pendimethalin in most cases supported more than 50% growth of
Bacillus isolates. The maximum inhibition in this weedicide was 66.43%,

while in imazethypr it was 65.69% in BS9 isolates.

Among all the isolates, BS3 showed least sensitivity to the weedicides

whereas BS9 exhibited highest sensitivity.

Root length, shoot length and seedling vigour index was also highest
due to isolate BS3 i.e. 8.44 cm, 19.07 cm and 2082 respectively,
compared to 6.0 cm, 11.44 cm and 1046 root length, shoot length and

seedling vigour index in control.
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Appendix-I

Media used with their compositions

NA Media:

Beef extract
Peptone

Agar

Distilled water

PDA Media:
Peeled potato
Dextrose
Agar

Distilled water

39

59
20g
1000ml

200g
20g
20g
1000ml
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