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BIOLOGICAL CONTROL OF SEED BORNE FUNGAL PATHOGENS
OF RICE BY USING ANTAGONISTIC BACTERIA

ABASTRACT

The experiment was conducted during the period of June, 2011 to May, 2012 to
determine the prevalence of seed borne fungal pathogens of BRRI Dhan 46 and to
search suitable antagonistic bacteria against seed borne fungi of rice and also to
evaluate the effectiveness of antagonistic bacteria in controlling seed borne disease of
rice. Five seed borne fungi viz. Fusarium spp., Bipolaris oryzae, Curvularia spp.,
Gliocladium sp and Aspergillus flavus were isolated from the seeds of rice. Fifteen
probable antagonistic bacterial isolates were isolated from rhizosphere soil and
screening was done to detect the most suitable antagonistic bacterial isolates against
seed borne fungi of rice. Among fifteen isolates six isolates (Iso-1, 1s0-2, 1s0-3, 1s0-5,
Iso-7 and 1s0-10) were found effective in dual culture method. Seeds of rice variety,
BRRI Dhan 46 yielded 21.5 % Fusarium spp., 6.25% Bipolaris oryzae, 4.75%
Curvularia sp, 0.25% Gliocliodium sp. and 3.5% Aspergillus flavus infection in
blotter method. In dua culture method, the bacterial 1so-2 produced higher inhibition
of mycelia. Bacterial antagonist 1so-2 performed better than other isolates on seed
borne fungal prevalence in blotter method. Seed treated with 1s0-2 completely
controlled seed borne Bipolaris oryze, Aspergillus flavus, and Gliocladium. The
highest seed germination (98%) was recorded in seeds treated with Iso-2 and Iso-1. In
water agar test tube method the highest germination (96.67%) was found in Iso-2
treated seed. In rolled paper towel method seed treated with iso-2 gave the highest
Vigor Index (1424) and the lowest vigor index was noted (753) in untreated control.
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CHAPTER 1
INTRODUCTION

Rice (Oryza sativa L.) is one of the major cereal crops of the world used as the staple
food by the 60% of the world population. It is also the most important cereal crop in
Asia producing about 96% of the world rice production (IRRI, 2003). It aso servesas
staple food crop of the people of Bangladesh. About 79.77% of cropped area of this
country is used for rice production (BBS, 2010). Rice is the second largest produced
cereal in the world in 158.3 million hector area with annua production of about
685.24 million metric tons (Anonymous, 2011). Bangladesh is ranked as fourth in rice
production with annual production of 47.72 million metric ton in the world
(Anonymous, 2011). Rice provides 75% calories and 55% protein in the average daily
diet of the people and shares 95% of cereal consumption (Bhuiyan, et al., 2002).

There are many causes of low yield of rice in Bangladesh of which disease and pest
plays a mgor role (Fakir, 1982). Among them seed borne diseases are more
destructive. Rice seeds are known to harbor a wide range of both fungi and bacteria
(Neergaard, 1977). A total of more than 100 fungi were detected on rice seeds. Rice
seed very often infected by field fungi, Bipolaris oryzae, Trichoconis paddwickii,
Fusarium moniliforme, Fusarium oxysporum, Fusarium semitectum, Pyricularia
grisea, Curvularia lunata, Alternata, (Mia et al. 2002). The storage fungi such as
Aspergillus spp., Penicillium spp., Rhizopus sp etc usually invade seed during
preservation. There is no accurate estimate about the yield loss of rice due to diseases.
However, roughly 10% yield loss of rice may be incurred annually due to seed borne
diseases in the country. Among the seed borne pathogen of rice, fungi are most

common.

Seed borne pathogens cause enormous losses to our crop. Seed borne disease causes
seed rot, germination failure and seedling mortality and then reduce rice production.
The infected seeds may fail to germinate, transmit disease from seed to seedling and
from seedling to growing plants (Fakir et al., 2002). Infected seeds germinate poorly



and could be a magor source of inoculums for new crops raised from them. For
example, most pathogens causing abnormal seedling of rice are seed borne (Guerrero
et al., 1972). Seed borne pathogens affect seed quality (Khare, 1999). Islam et al.
(2000) observed that highest lethal seed infection caused by Fusarium moniliforme,
Trichoconis padwickii and Curvularia spp. About 20 species of fungal pathogens were
detected from rice seed at any one time (Mew and Gonzales, 2002). The crop is
affected by as many as 36 seed-borne diseases of which 31 were caused by fungi (Ou,
1985). Totally 8 genera of fungi viz., Alternaria, Aspergillus, Bipolaris, Chaetomium,
Curvularia, Fusarium, Sarocladium and Trichoderma comprising twelve species were
found to be associated with the seed samples. Among them, the most predominant one

was Bipolaris oryzae (Gopal akrishnan and Valluvaparidasan , 2007).

Seed borne pathogens can be effectively controlled by using seed treating fungicide
and chemical. But the use of chemical also breaks the natural ecological balances by
killing the beneficial antagonistic micro-organisms. The chemical fungicide use to
control disease effectively but chemical application have long term residual effect;
create environmental pollution and the development of resistant strain of pathogen. So
an effective aternative is biological control such as antagonistic bacteria which is

environmentally safe.

Biological control is an innovative, cost effective and eco-friendly approach. Use of
natural enemies to control disease is termed biological control. Biological control is an
aternative to the use of chemical pesticides. Biological agents may act to suppress the
population of the pathogenic organisms through competition with pathogenic
organisms, stimulated plant growth, which may allow plants to quickly outgrow any
pathogen effects, or damage the pathogen by means of toxins produced (Cook, 2000
and Gilreath, 2002). On the other hand, it is safe and tends to maintain the ecological
balance reducing the economic injury level of disease. Biological control is slow but
can be long lasting, inexpensive, and harmless to living organisms and the ecosystem,
it neither eliminates the pathogen nor the disease, but brings them into natural balance
(Ramanathan et al., 2002).



A diverse group of bio-control agents--such as bacteria, fungi, viruses--exist in nature.
Among them bacterial antagonist are considered ideal candidates because of their
rapid growth, ease of handling and aggressive colonizing character. Bio-control with
beneficial bacteria is one promising alternative to fungicides (Li et al., 2008).
Bacterial antagonists, Pseudomonas, and Bacillus in particular, are good candidates
for biologica control (Mew, et al., 2003). Different strains of Pseudomonas
fluorescens sagainst have antifungal activity against some plant pathogens such as
Alternaria cajani, curvularia lunata, Fusarium sp, Bipolaris sp and
Helminthosporium sp. in vitro with different concentrations (1000-2000, 3000, 4000
and 5000 ug/ml) of Pseudomonas fluorescens (Srivastava, 2009). Antagonistic and
inhibitory activity of Bacillus subtilis isolate G-GANA7 (Gene Bank accession No.
EF583053) obtained from Abo-Homos in Egypt against six fungal isolates belonging
to four different genera, Rhizoctonia solani, Helminthosporium sp, Alternaria sp, and
Fusarium oxysporum (Matar et al, 2009).

In Bangladesh, scientists are also now giving their efforts to control seed borne
pathogens by using some bio-agents like Trichoderma spp. But no significant research
was done regarding bacterial antagonists. Thus the study was undertaken with the

following objectives:

1. To determine the prevalence of seed borne pathogens of rice.
2. Toisolate and identify probable bacteria antagonist from rhizosphere soil.
3. To determine the efficacy of antagonistic bacteria against seed borne fungal

pathogens of rice.

CHAPTER 2
REVIEW OF LITERATUR



2.1 Rice seed bornefungal pathogen

Butt et al. (2011) studied seed borne mycofloraof different stored grain of rice varieties by
using blotter method and its chemica control they reporeted varieties of rice (Oryza sativa L.)
viz. KS-282, Basmati-385, Basmati-370, Basmati Kernal and Basmati-198 were investigated
the occurrence of seed-borne mycoflora using blotter paper method, and  27%, 19%, 17%,
16% and 14% mycoflora was found associated with the seeds of Basmeti kerndl, Basmaiti-385,
Basmati- 370, Basmati-198 and KS-282, respectively. Four fungd species namely Fusarium
moniliforme, Alternaria sp., Heminthogporium . and Curwularia §p. were isolated from
different test rice varieties. Four chemicd fungicides namely antracd, topsin, mencozeb and
derosd were used to investigate their effect on seed-borne mycoflora of rice. Seed trestment
with different fungicides exhibited insgnificant effect on the occurrence of F. moniliforme and
Alternaria $p. Antracd completely stopped the growth of Heminthosporium sp. and
Curwdlaria sp. The other three fungicides markedly suppressed the growth of
Heminthosporium by up to 50%. Similarly, topsin and mencozeb suppressed the growth of
Curvularia p by up to 50%.

Gopalakrishnan et al. (2010) conducted an experiment to identify the seed borne
pathogen associated with rice seed and recorded 8 genera of fungi viz. Alternaria,
Aspergillus, Bipolaris, Chaetomium, Curvularia, Fusarium, Sarocladium and
Trichoderma comprising twelve species. Among them, the most predominant one was
Bipolaris oryzae which was associated with 58.89 percent seed samples followed by
Alternaria padwickii (52.96%).

Tripathi and Dubey (2004) reported that the most destructive seed-borne fungi of rice
are Bipolaris oryzae, Pyricularia oryzae, Sarocladium oryzae, Rhizoctonia solani,
Bipolaris oryzae, <lerotium rolfsii, Fusarium spp., Curvularia oryzae and
Nigrospora oryzae. Natural plant extracts are important sources of new means and

nonsel ective pesticide for control of plant diseases.



Mew and Gonzales (2002) detected more than 100 fungal species on rice seeds.
However, the detection frequency varied considerably. About 20 species of fungal
pathogens were detected from rice seed at atime.

Javaid et al. (2002), Wahid et al. (1993 and 2001) and Khan (1999 and 2000) isolated
Alternaria alternata, A. padwickii, A. longissima, Aspergillus niger, Curvularia
oryzae, C. lunata, Drchslera oryzae, Fusarium miniliforme, F. semitectum, F.
oxysporum, F. soalni, Pyricularia oryzae, and species of Phoma, Cercospora,
Chaetomium, Sclerotium, Pecicillium, Myrothecium and Colletotrichum from seeds

of different varieties of rice collected from different regions of the pakistan.

Fakir (2000) reported that rice suffers from more than 60 different diseases. In
Bangladesh, 43 diseases are known to occur on the rice. Among these diseases, 27 are
seed borne of which 14 are of magjor importance. Fungi are the principal organisms
associated with seed in storage. Of the seed borne diseases of rice, 22 are caused by

fungi.

Radha jeyalakshmi (1998) reported that totally 18 fungal species belonging to twelve
genera were found to be associated with the rice field seed samples in Tamil Nadu.
The frequency of evaluation of fungicides against fungi causing S. oryzae was 36.72

percent.

Riaz and Ahmed (1995) conducted an experiment on seed-borne fungi of rice
collected from Pakistan and isolated Hel minthosporum spp, Curvularia, Fusarium and

Aspergillus from various seeds from North Southern provinces of Pakistan.

Mian and Fakir (1989) studied on fungi, moisture content and germinability of rough
rice grain during storage and observed that the most predominant fungi were
Helminthosporium oryzae, Curvularia lunata, Cladosporium cladosporioides,

Aspergillus spp. and Trichoconis padwickii.



Odebunmi and Osikanlu (1989) isolated Fusarium moniliforme, C. lunata. H. oryzae,
Rhynchosporium oryzae from the six rice seed varieties. IRAT.110, COL.38, C22,
TOX494-SL R, DJI1-509, and F.H. 109.

Imolehin (1987) studied rice seed multiplication centres in relation to seed- borne
pathogens of rice: A case study of on do State Rice Multiplication Centers and stated
that Fusarium moniliforme and Drechdera oryzae were the mgjor pathogens that caused
devastating seedling disease of rice in the field (D. oryzae 12%, F. moniliforme 40%).
Thiswork is a survey of the incidence of seed-borne fungi of rice associated with three
varieties of rice: Faros 12, 15, and 29 popularly cultivated in Afikpo North loca
government area of Ebony State and isolated B. oryzae (Drechslera oryzae), Curvularia
lunata, Chaetomium spp., Trichoderma spp., Aspergillus spp. and Penicillium spp.

from twenty-two different rice cultivars from South West Nigeria.

Sharma et al. (1987) detected 10 fungal species of fungi from the rice seeds where
Fusarium moniliforme (Gibberella fujikuroi), Curvularia lunata (Cochliobolus

lunata) and Aspergillus flavus were the most common.

Ou (1985) reported that the rice is affected by as many as 36 seed-borne diseases of
which 31 were caused by fungi.

Imolehin (1983) studied on rice seed-borne fungi and their effect on seed germination
and reported that seed-borne fungi affected rice seed germination. Fungal pathogens
recorded on twenty-two seed samples of rice cultivars from south-western Nigeria
included Drechslera oryzae, Curvularia lunata, Fusarium moniliforme , Penicillium

spp., Rhizopus spp., Chaetomium spp., Trichoderma spp. and Cladosporum spp.

Esuroso et al. (1975) studied on seed-borne fungi of rice (Oryzae sativa L.) in Nigeria

and reported that wide range of fungi occurred on the seeds of rice in Nigeria



Marthur and Neergaard (1970) and Neergaard et al. (1970) reported that a myriad of
seed borne fungi that caused serious diseases of rice in nurseries, fields and storage

were seed-borne.

2.2 Antifungal propertiesof bacteria

Nourozian et al. (2006), Moita et al. ( 2005) Siddiqui et al. (2005) Radheshyam et al.
(1990) investigated that the use of bacteria like Pseudomonas sp., Bacillus sp. and
their properties to produce antifungal metabolites and protect plants from fungal

infection.

Bennett and Klich (2003) reported that fungi may produce several mycotoxins which
can cause economic losses and may affect human health. Mycotoxins are toxic
secondary metabolites produced under appropriate environmental conditions by

filamentous fungi, mainly Aspergillus spp., Penicillium spp. and Fusarium spp.

Kim et al. (2003) reported that Bacillus sp. have the characteristics of, being widely
distributed in soils, having high thermal tolerance, showing rapid growth in liquid
culture, and readily form resistant spores. It is considered safe biological agents and

their potential as bio control agentsis considered to be high.

Munimbazi and Bullerman (1998) reported that extracellular antifungal metabolites
produced by Bacillus pumilus inhibited mycelial growth of many species of

Aspergillus, Penicillium and Fusarium.

2.3Bacterial antagonist

1. Pseudomonas sp

Palumbo et al. (2010) isolated Pseudomonas chlororaphis strain JP1015 and
P.fluorescens strain JP2175 Mississippi cornfield soil samples and selected for their
growth inhibition of Aspergillus flavus in laboratory culture. In this study was
determined that growth of A. flavus was inhibited up to 100-fold by P. chlororaphis



strain JP1015 and up to 58-fold by P. fluorescens strain JP2175 within 3 days

following soil co inoculation.

Goud and Muralikrishnan (2009) studied that in pour plate method, Pseudomonas
fluorescens on co-inoculation with fugal pathogens decreased their growth rate.
Maximum inhibition was observed in Pythium ultimim (80%) followed by

Macrophomina phaseolina (70%) Pyricularia oryzae (50%).

Srivastava (2009) studied the antifungal activity of different strains of Pseudomonas
flurescens against some plant pathogens such as Alternaria cajani, curvularia lunata,
Fusarium sp., Bipolaris sp. and Helminthosporium sp. in vitro with diffrent
concentrations (1000-2000, 3000, 4000 and 5000 ug/ml) of Pseudomonas fluorescens
and concluded that al the strains of Pseudomonas fluorescens presented a most
significant value against Alternarja cajani and Curvularia lunata. Out of the five
strains studied, the best result was shown by A-5, which showed almost complete
inhibition against pathogenic fungi such as Curvularia lunata and Fusarium spp. at
4000 and 5000 ug/ml while strain L-5 was resistant against Fusarium spp. and
Helminthosporium sp. at 5000 ug/mL and bacterial strains C-03 and Pf4-1 were found

to be more sensitive to Fusarium sp. and Helminthosporium sp.

Ganeshan and Kumar (2005) stated that P. fluorescents is a potential bio-pesticide for
augmentative biological control of many diseases of agriculture and horticulture

importance.

Jayaswal et al. (1993) studied two strains of Pseudomonas capacia, RJ3 and ATCC
52796, have been identified as potential antagonists of fungal plant pathogens. They
compared the antagonistic activity of these two strains against various fungal
pathogens. Although both strains displayed high levels of antagonism, ATCC 52796
was dlightly more antagonistic than RJ3.

i) Burkholderia sp



Omar et al. (2006) studied on two bacterial isolates, Bacillus megaterium (C96) and
Burkholderia cepacia (c91) to find out the antagonistic efficacy against Fusarium
oxysporum f.sp. radicis-lycopersici, the causal organism of Fusarium crown and root
rot of tomato and reported that these isolates reduced disease incidence by 75 and 88%
respectively.

Bevivino et al. (2005) reported that Burkholderia cepacia complex (Bcc) bacteria are
naturally present in the rhizosphere of several crop plants and have been found to

antagonize a wide range of important plant pathogens.

Reddy (1997) reported that B. cepacia can also antagonize and supress many fungal
plant pathogens such as Fusarium, Pythium, Rhizoctonia, Cylindrocar pum, Botrytis and

Alternaria.

Hebbar et al. (1997) used Burkholderia capacia (syn Pseudomonas capacia) strain
PHQM 100 applied as seed coating was tested its ability to suppress pre-emergence
damping-off, and postemergence damping-off in corn inducted by Pythium and

Fusarium spp.

Bevivino et al. (1998) reported that Burkholderia cepacia MCl 7 was able to
determine an increased growth response (P<0.05) of the two corn cultivars in both un-
infested soil and soil infested with Fusarium moniliforme. Moreover, B. cepacia MCI

7 was able to negatively affect the rhizoplane colonization of F. moniliforme.

Mao et al. (1998) studied on the bio-control of soil borne diseases of tomato caused by
Rhizoctonia solani and Pythium ultimum alone or in combination with Sclerotium
rolfsii and Fusarium oxysporum f. sp. lycopersici in the greenhouse and field and
reported that combined Gliocladium virens-3 (G1-3) + Burkholderia cepacia - F(Bc-
F) application resulted in greater fresh weight and lower DSI for pepper, and greater
fruit yield for tomato than those obtained with either G1-3 or Be--F alone.



2.3 Isolation and purificatioin of antragonistic bacteria from soil

Goud and Muralikrishnan (2009) reported that Pseudomonas fluorescens is one of the
most suitable bio-control agent in suppressing the phytopathogenic fungi and replace
chemical fungicides. In this study, they conducted physiological and biochemical tests
such as colony character, motility, gram stain nature, Production of fluorescent
pigment, gelatin liquefaction, Starch hydrolysis and utilization of nitrate to

authenticated the isolated organism as P.fluorescens.

Wang et al. (2009) studied on the antagonistic activity of Bacillus subtilis and they
identified as Bacillus subtilis according to its morphological, physiological, and

biochemical characteristics and i6SrDNA sequence analysis.

Filippi et al. (2008) isolated thirty two bacteria from soil samples that were antagonistic
to a number of phyto-pathogenic fungi. One bacteria dtrain, designated as M 51,
appeared to be particularly active towards F. oxysporum, f. sp. idianthili invitroandin

vivo and it was inhibitory in vitro to three other Fusarium spp. used.

Kazempour and Anvary (2008) evaluated the antagonistic activity of Pseudomonas
fluorescens against Fusarium fujikuroi in vitro by using dual culture test, also by

Demonstration of antibiotic activity and production of diffusible antibiotic.

Selvakumar et al. (2008) reported that Exiguobacterium acetylicum strain 1P (MTCC
8707) is a rhizospheric, Gram positive, rod shaped, yellow pigmented bacterium
isolated from an apple orchard rhizospheric soil and in separate in-vitro compound
produced by the bacterium was found to be the most potent in inhibiting the hyphal
development of Rhizoctonia solani, Sclerotium rolfsii, Pythium and Fusarium
oxysporum by 45.55, 41.38, 28.92 and 39.74% respectively.



Adesna et al. (2007) studied the antagonigtic potentia of soil bacteria towards Rhizoctonia
solani AG3 and Fusarium oxysporum f.sp. lini (Foln3). For this purpose they screened 1,788

isolatesfrom the soilsand in vitro 327 isolates were found as antagonids.

Jha and Anjaiah (2007) studied on Metabolities of rhizobacteria antagonistic towards
fungal plant pathogens and in this study double-layer technique was used for isolation
of antagonistic bacteria from rhizosphere against plant pathogenic fungi. Four
potential rhizobacteria was selected in dual culture plate method based on their

antifungal activity against several soil-borne fungal plant pathogens.

Ramarathnam et al. (2007) reported that Bacillus subtilis DFHO8, an antagonist of
Fusarium graminearum, and other Bacillus spp. that are antagonists of common
fungal pathogens of canola were screened for peptide synthetase biosynthetic genes of
fengycin and bacillomycin D. Specific polymerase chain reaction (PCR) primers
identified B.subtilis strains DFHO8 and 49 for the presence of the fenD gene of the

fengycinopero.

Aboelnaga (2006) evaluated the antagonistic activity of Bacillus subtillis in-vitro by

using dual culture test and pot assays for controlling damping off of sugar beet

Xie et al. (2003) reported 16 species or types of Pseudomonas and 17 genera of non-
pseudomonas gram negative bacteria as antagonistic against major pathogens of rice
from rice seed in the tropic environment and they were initially characterized on the
basis of colony morphology and results of biochemical and pathogenicity tests. Then
six hundred and fifty two strains were further identified by biology, from which 133
were selected for fatty acid methyl ester (FAME) analysis together with 80 standards

reference Strains.



Brion and Genevieve (1999) tested the antagonistic activity of Pseudomonas
fluorescens by using Cross streak assay and pour plate method and reported that
P.fluorescens inhibit the growth of plant pathogens.

Ahmed and Ahmed (1963) screened out bacterial antagonists (P. citrimum, Sreptomyces
sp. and bacterial organism B-7 which found effective against 18 among 32 isolated
fungus organisms from potted soil (collected from betd vine sail).

CHAPTE 3
MATERIALSAND METHODS

3.1 Experimental site



The experiments were conducted in the Plant Disease Diagnostic Laboratory and Seed
Pathology Laboratory of Department of Plant Pathology of Sher-e-Bangla
Agricultural University, Sher-e-Bangla Nagar, Dhaka-1207.

3.2 Experimental period

The experiments were conducted during the period of June, 2011 to May, 2012.

3.3 Seed collection
Seeds of rice variety BRRI Dhan 46 were collected from Bangladesh Rice Research
Institute (BRRI), Joydebpur, Gazipur.

3.4 Detection and identification of seed borne fungi of rice

A composite sample of rice variety BRRI dhan 46 was assayed for the presence of
seed borne fungi by Standard Blotter method (ISTA, 1996).

3.4.1 Prevalence of seed borne fungi in blotter method

In this method, 400 seeds were randomly taken from rice seed sample. The seeds were
placed on water soaked three layered Whatman No.1 filter paper in plastic petridish.
In each petridish, 25 seeds were plated at equal distance. All these petridishes were
incubated at 20+£2°C under 12 hours alternate cycle of Near Ultra Violet (NUV) light
and darkness. After 7-10 days of incubation, petriplates containing incubated seeds
were observed under stereomicroscope for detecting seed-borne fungi in rice seeds
surface under stereomicroscope at 25X magnification. Where identification was
difficult or doubtful under the stereomicroscope, temporary slide was prepared and
examined under the compound microscope. ldentification of pathogen was done
following the keys of Burgess et al., (1994); Agarwal et al., (1989); Ellis (1993) and
Mathur and Kongsdal (2003) and Barnett and Hunter (1992). Number of germinated
seeds was recorded along with the seed-borne fungi after 7-10 days of incubation. The

results were expressed in percentage.

No. of seeds on which afungal species occurs
Frequency of occurrence (%) = x100
Total No. of seeds




3.4.2. Preparation of potato dextrose agar (PDA)

PDA (appendix-2.2) was prepared as described by Islam (2009). 200g peeled and
sliced potato was boiled in 500ml water in a bowl for about half an hour. Then the
extract of the potato was filtered through was cheese cloth. The other two ingredients
viz. 20g dextrose and 20g agar were added in the extract and the volume was made up
to 1L mark. Then the prepared standard PDA was poured in 1000ml conical flask and
sterilized (121°C, 15 psi for 15 min.) in an Autoclave.

3.4.3 Isolation and purification of seed borne fungal pathogen of rice

Isolation of the causal pathogenic fungi was carried out on PDA medium. PDA plates
were inoculated by taking a bit of mycelia from the seed surface and transferred on
PDA plates. The fungi were isolated, purified using the hyphal tip culture techniques.
Purification was done by reculture. Identification was done following the keys of
Barnett and Hunter (1992). The pure cultures were also maintained on PD A dlants
kept at 5 °C for further studies.

3.5 Isolation of probable antagonistic bacteria from Rhizospher e soil

Probable antagonistic Bacteria were isolated from rhizosphere soil flowing dilution
plate method.

3.5.1 Collection of sail (rhizosphere) sample

The soil samples were collected from the field, Sher-e-Bangla Agricultural University,
Dhaka, Bangladesh. Three soil samples were randomly collected from the rhizosphere
of crop field at different growth stages. Soil collection was made with the help of an
augur of one inch diameter at a depth of six inches. At the time of collection, the
surface of the soil was scrapped to remove dry topsoil and other superficial plant
debris. Each composite sample was kept in cellophane bag with proper 1abeling. After
collection, the bags were kept under shade.

3.5.2 Preparation of nutrient agar (NA)



Nutrient agar Media (appendix-2.1) was prepared according to the method followed
by Hossain (2006). 28g Nutrient agar mixed well in 1000 ml distilled water. It was
then autoclaved at 121°C under 15 PSI pressure for 15 minutes.

3.5.3 Isolation and purification of bacteria from soil by using soil dilution
plate technique

Dilution plate technique was carried out as described by Islam (2009) for isolation of

soil microbes (Flow chart. 1)

3.5.3.1 Preparation of soil suspension

One gm of soil was placed in the test tube containing 9 ml of sterile water and  stirred
thoroughly for few minutes in order to obtain a uniform 1:10 dilute soil suspension.
This was used as stock solution resulting 10 dilution. One ml of 1:10 stock suspension
was transferred with the help of sterile pipette into the 2nd test tube containing 9 ml
sterile water and shaken thoroughly resulting 107 dilution. Thus final dilution was
made up to 10,

tml 1ml 1ml 1ml
+ 9mil + 9mil + 9ml + 9mil
1 stock/mi AL stockiml 001 stock/ml 0001 stock/ml
Concentration | - /
Full Streagth Actual 1/10 A0 L1100 00110
ol Shosle (1/100) (L/1000) (1/10000)

D¥idlua tiven

Flow chart 1. Dilution platetechniquefor isolation of Bacteria.

3.5.3.2 Plating of bacteria on NA media by spread plate method

Each of the seria dilution was transferred into nutrient agar plate by using spread
plate method. 0.1ml of an appropriately diluted culture was spread over the surface of
agar using sterile glass spreader. The plate is then incubated until the colonies appear.



The surface of the plate was kept dry so that the spread liquid soaked. The step for
spread plate method is given.

- = -
E M e

1: Spread Plate Method
Sour ce: Adawiah (2008)
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After incubation of the inoculated NA plates, bacteria gppeared with various types of colony
colors. Then the bacterid colonies were sdected and isolated depending on their colony color
and streaked on NA media separately. Again the streeked NA media plates were incubated at
room temperature for 2 days. Purification was done by streaking NA plates from single

colony.

3.6 Determination of efficacy of antagonistic bacteria

3.6.1 In-vitro bioassay of isolated bacteria
In-vitro bioassay of bacteria was done to cheek their antagonistic activity following
dual culture method.

Dual culture method

The dual culture method was carried out following the description of Azadeh et al.
(2010). A block cut of mycelium of each fungus (5 mm diameter) was plated at center
of plate after that 48 hr old bacterial culture grown at room temperature on NA media
was streaked by serial loop. 3 cm distance was maintained between two streaking. All
the tested plates were incubated at 28°C for 5-7 days and antagonistic effect was
determined by measuring the longest and shortest free growth zone between the
Isolated bacteria and the tested fungi. Control trial was done without streaking of



bacteria in the plate. Assessment was made when the fungi had achieved an
equilibrium after which there was no further alternation in the growth. Since both of
the organisms were mutually inhibited, the assessment was made for both organisms.
The percentage inhibition of growth was calculation as follow:

r—ri
Percentage inhibition of growth = -------- x 100
r

r = growth of the fungus from the center of the colony towards the centre of the

plate in the absence of antagonistic bacteria.

r growth of the fungus from center of the colony towards the antagonistic

bacteria.

3.7 Identification of isolated bacteria by morphological test

3.7.1 Study of colony color

For morphological characters, colony color and surface textures were carefully
studied and recorded as bacteria developed after 24 hours of incubation in NA
medium.

3.8 Identification of isolated bacteria by standard biochemical tests

The isolated bacteria were prepared by sub-culturing on nutrient agar plate incubating
at 30° C for 24 hours. Several biochemical tests were performed.

3.8.1 Gram reaction
To determine gram positive or gram negative bacteria gram staining and reaction with
3% KOH were performed.

3.8.1.1Gram staining

Gram stain was done on a clean dide, dried a thinly spreads bacteria film in air
without heat. Then lightly flamed underside of the slide twice to fix the bacteriato the
dlide. Then the smear was flooded with Crystal violet solution for 60 seconds. It was
washed with running tap water for a few seconds and excess water removed by air.

Then the smear was flooded with lodine solution (Lugol's lodine) for 60 seconds and



then washed with running tap water for few seconds and excess water removed by
air. After that the smear was decolorized with 95% Ethanol for 30 seconds and again
washed with tap water and dried by air. Then the smear was counterstained with 0.5%
Safranine for 10 seconds and washed briefly in tap water and excess water was
removed by air. Finaly it was examined under microscope at 40x oil emulsion

objective.

3.8.1.2. Reaction with 3% KOH
On a sterile slide one loop bacterial colony of 24 hour old cultures was mixed with 1

drops of 3% KOH. It became gummy upon mixing with aloop (Suslow et al.1982).

3.8.2 Oxidase test
A portion of the test organism was picked up from the agar plate with a sterile
wooden toothpick onto the filter paper soaked with oxidase reagent.

3.8.3 Catalase test
One colony of the organism from the agar plate was taken on a slide onto which one
drop of (Hydrogen Peroxide) 3% H,O, was added.

3.8.4 Citrate utilization test

A portion of the test organism was picked up from the agar plate with a sterile
inoculating loop and streaked into Simmon's citrate agar slants and incubated at 30°C
for 24 hours.

3.8.5 Gelatin liquefaction test
One loop-full bacteria culture was inoculated with a sterile straight wire stabbed into
the media and incubated at 30°C for 24 hours.

3.8.6 Pectolytic test
Potato tubers were cut up into slices of about 5 mm thick, disinfected with 99%
ethanol and made a nick in the centre of each slice. Then placed on moistened sterile

filter paper in sterile petri dishes. Bacteria isolate were grown in nutrient broth media.



Approximately two loops of each bacterial isolate were uniformly spread onto the
surface of the potato slices. One was disinfected for control. Development of rot on
the dlices was examined 24-48 hrs after incubation at 25°C. Observation was done for
5 days after inoculation. It was drown a inoculating loop across inoculated part to
determine whether the dlice had decayed beyond the point of inoculation.

3.9Treatments

T.= Isolate 1 Ts=Isolate 7

T,= Isolate 2 Te= Isolate 10

T,=Isolate 3 T,=Control (without isolate)
T,=Isolate 5

3.10 Deter mination the efficacy of antagonistic bacteria as seed tr eatment

Seeds were treated with bacterial suspension containing 10 cfu /ml. Seed were dipped
in bacterial suspension for 2 hours. After that efficacy of antagonistic bacteria were
done by different methods.

3.10.1 Seed treatment with antagonistic bacteria and evaluation of their

efficacy in controlling seed bor ne fungi and ger mination (Blotter

method).

In this method seeds were treated following step (3.10). In this method 3 layers of
blotter were soaked in sterilized water and placed at the bottom of the plastic
petridish. 200 seeds were taken randomly and then 25 seeds were placed on the
blotting paper in a petridish maintaining three replications. The petridish were
incubated at 25+1°C under 12/12 hrs light and darkness cycle for 7 days of incubation
the seeds were observed for the presence of seed-borne pathogen of fungi of rice
under stereo microscope following the key of Mathur and Kongsdal
(2003).Germination (%) of seeds was recorded by this method.

3.10.2 Effect of seed treatment with antagonistic bacteria on germination,
normal and abnormal seedling and dead seed of rice (water agar
test tube method).



This test was done by following methods of Khare et al. (1999). In these methods
seeds were treated following 3.10 steps. In this technique, test tube dSlants were
prepared by pouring 10 ml water agar in each test tube (2 cm in diameter and 15 cm
in length) and then sterilized in autoclave for 15 minute under 15 |bs pressure at
121°C. The water agar in the test tube was solidified at an angle of 60°. One hundred
seeds from each treatment was taken and one seed per test tube were placed on
solidified water agar dlant at the rate of one seed per tube. The seeded tubes were
closed with cotton plugs and arranged in plastic racks. The tubes were then incubated
at erect condition in an air cooled room (Tem 22°C) under fluorescent day light tube.
The cotton plugs were removed when the seedlings reached the rim of the test tube.
Data were recorded on % seed germination, number of normal seedlings, number of
abnormal seedlings and number of dead seeds.

3.10.3 Effect of seed treatment with antagonistic bacteria on seed infection
germination , seedling growth and vigor index of rice (Rolled Paper
Towel Method).

Rolled paper towel method was done following the method of Warham (1990). In this
method, 200 treated seeds were randomly taken from each treatment with three
replications and 50 seeds were placed uniformly between a pair of moist paper towels.
The towels were rolled and the two ends were closed with rubber band as the moist
could not remove easily. Then the rolled papers containing seeds were placed in an
upright position for 7-10 days at room temperature under normal 12/12 light and
darkness cycle. After incubation the shoot and root portions were blotted dry with fine
tissue paper and fresh weight was taken before the materials could get desiccated.
Length of shoot was measured from the base of the stem up to the growing point of
the youngest leaf. Similarly, length of root was measured from the starting point of the
root to the largest available lateral root apex. Germination%, % seed infection were
also recorded. The seedling vigour index was calculated by using the formula as
described by Baki and Anderson (1972):

Vigor Index (VI) = (Mean of root length + Mean of Shoot length) x % Seed
ger mination.



3.11 Statistical analysis

The data of al tests were analyzed statistically for analysis of variance (ANOVA)
using MSTAT-C computer program. The means were compared following Least
Significant Difference (LSD) at 1% level of significance using same computer
program. Whenever necessary the data were transformed before statistical analysis
following appropriate method.

CHAPTER 4
RESULTS

4.1 Isolation and purification of fungi from rice seed

Five genera of fungi viz. Fusarium spp., Bipolaris oryzae.,, Curvularia spp.,
Aspergillus flavus and Gliocladium sp. (Plate 1-3) and a few unidentified isolates
(data not shown) were isolated from rice seed using seed picking technique as
described in materials and methods. Identification was done following the book

"Illustrated Genera of Imperfect Fungi" (Barnett and Hunter, 1992).



4.2 Isolation and purification of bacteria from rhizopsher e soil

Fifteen bacterial isolates were isolated from soil samples using dilution plate
technique as described in materials and methods and purified on NA media. The
bacterial isolates were named as 1s0-1, 1s0-2, 1s0-3, 1s0-4, 1s0-5, 1s0-6, 1s0-7, 150-8,
Is0-9, Is0-10, I1s0-11, 1s0-12, Is0-13, 1s0-14 and 1s0-15 respectively.



Fig 2. Seed health test (blotter method)
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Plate 1. Incubated rice seed under stereo microscope showing growth of
fungi over the surface of the seed.

Fig A. Fusarium spp.
Fig B. Curvularia sp

Fig C. Bipolaris oryzae
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Plate 2. Pure culture of different fungi.
Fig A. Fusarium sp
Fig B. Bipolaris oryzae
Fig C. Curvularia spp.

Fig D. Aspergillus flavus
Fig E. Gliocladium sp
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Plate 3. Rice seed borne fungal genera under compound microscope.

Fig A. Conidia and mycelium of Bipolaris oryzae at 10 x
Fig B. Conidia of Bipolaris oryzae at 40 x

Fig C. Conidia of Curvularia sp at 40 x

Fig D. Macro and micro conidia of Fusarium spp.

Fig E. Conidia, conidiophore and mycelia of Gliocladium sp



4.3 Antibiosisof bacterial isolateswith their antagonistic activity

Antibiosis of bacterial isolates with their antagonistic activity were studied and
presented in Table 1. It was found that in dual culture methods Iso-1, 1s0-2, 1s0-3, 1so-
5, Iso-7, 1s0-10 isolates (Plate 4-7) were able to inhibit the growth of the isolated five
fungi. In case of antagonism against Fusarium sp highest zone of inhibition (20.25%)
observed in Isolate-2 followed by Isolate-1(16.25%) which was statistically identical
with Isolate-10 (16.05%) and lowest inhibition zone observed in (2.38%) in Isolate-7
proceeded by |solate-3 (4.50%) and Isolate-5 (9.75%).

In case of Bipolaris oryzae highest zone of inhibition (27.40%) observed in Isolate-2
which was dsatistically identical with Isolate-7 (26.30%) followed by Isolate-
3(21.06%) , Isolare-1(15.09%) which was statistically identical with Isolate-5 (14.71)
and lowest inhibition zone observed in (9.520%) in Isolate-10.

In case of Curvularia spp highest zone of inhibition (31.91%) observed in Isolate-2
followed by Isolate-1 (22.09%), Isolare-10 (17.37%) and Isolate-5 (12.47%) and
lowest inhibition zone observed (4.05%) in Isolate-7 proceeded by Isolate-3 (9.41%).

In case of Gliocladium sp highest zone of inhibition (35.70%) observed in Isolate-2
followed by Isolate-1 (34.88%) , Isolare-3 (25.70%) and Isolate-7 (20.50%) and
lowest inhibition zone observed (13.75%) in Isolat-7 proceeded by Isolate-5 (16.41%)

In case of Aspergillus flavus highest zone of inhibition (43.58%) observed in |solate-1
followed by Isolate-2 (33.59%) , Isolare-3 (31.63%) which was statistically identical
with Isolate-7 (30.15) and lowest inhibition zone observed in (19.05) % Isolate-10
proceeded by Isolate-5 (26.05%).

Table 1. Anti-fungal activity of isolates of bacteria against isolated



seed bornefungi in dual culture method.

% Inhibition of mycelium growth (mm)
| solate of
Bacteria Fusarium Bipolaris | Curvularia | Gliocladium | Aspergillus
Spp. oryzae SPP. flavus

Iso-1 16.25b 15.09c 2290 b 34.88b 4358 a
|so-2 20.25a 27.40 a 3191 a 35.70a 33.59b
|s0-3 4500d 21.06 b 9.410 e 25.70c 31.63c
|so-5 9.750 c 14.71c 12.47 d 16.41 e 26.05d
|so-7 2.383 e 26.30 a 4,050 f 20.50 d 30.15c¢c
s0-10 16.05b 9.520 d 17.37 ¢ 13.75 f 19.05e
Control 00.00 f 00.00 e 00.00 g 00.00g 00.00 f
LSD0.05) 1.135 1.486 1.993 0.6684 1.486

In a column figure having same letter(s) do not differ significantly at 5% or 1% level
by DMRT



Plate4. A. Growth of Bipolaris oryzae on NA medium without bacteria
(Contral) after 7 days.

B. Inhibition of mycelial growth of Bipolaris oryzae on NA medium in
dual culture method after 7 days.



Plate 5. A. Growth of Gliocladium on NA medium without bacteria (Control)
after 7 days

B. Inhibition of mycelial growth of Gliocladiumon NA medium in
dual culture method after 7 days.
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Plate 6. A. Growth of Curvularia spp. on NA medium without bacteria (Control)
after 7 days.

B. Inhibition of mycelial growth of Curvularia spp. on NA mediumin
dual culture method after 7 days.



Plate 7. A. Growth of Fusarium spp. on NA medium without bacteria (Control)
after 7days

B. Inhibition of mycelial growth of Fusarium spp. on NA mediumin
dual culture method after 7 days.



4.4 | dentification of isolated bacteria by morphological test

Cultural and morphological characteristic of different isolates were studied.
Morphological test was carried out on the basis of colony color on NA medium
(Table 2, Plate 8) The all isolate except 1s0-10 produced cream color colony and 1so-
10 produce light yellow color on NA media after 24 hours of incubation.

Based on the antagonistic potential and other characteristics, six isolates were studied
in detail for colony, color, growth type, and cell shape. It was evident from the
observations that all the six isolates viz., 1s0-1, 1s0-2, 1s0-3, 1s0-5, 1s0-7 and 1s0-10
produced round shaped colonies and rod shaped cells (Table 2).



Table 2. Cultural and morphological characteristic of different

isolated antagonistic bacteria.

Type of
|solates Cell shape Colony type | Colony color
growth
Iso-1 Rod Round Cream Fast
|so-2 Rod Round Cream Fast
s0-3 Rod Round Cream Fast
so-5 Rod Round Cream Fast
|so-7 Rod Round Cream Fast
Iso-10 Rod Round Light yellow | Medium fast




Plate 8. A. Iso-3 on NA medium (Cream color colony)

B. Is0-10 on NA medium (light yellow color colony)

4.5 ldentification of isolated bacteria by standard biochemical tests



The biochemical tests performed for the identification of the effective native isolates
and different test result presented in Table 3.

4.5.1.1 Gram staining test

In Gram staining, all isolate yielded negative reaction and under microscope produced

pink color, straight and curved rod (Plate 9) with no particular arrangement.

4.5.1.2 Reaction with 3% KOH

All Isolates were treated with 3% KOH reagent as described in materials and
methods. It was observed that all Isolate of Bacteria was able to raise viscid materials
after several strokes by a loop few centimeters from the glass dides. This result

indicates that all isolate were gram negative bacteria.

45.2 Oxidase test

The all isolates was tested in Oxidase where the filter paper soaked with oxidase
reagent it gave positive reaction. After 5-10 seconds dark purple color (Plate 10) was

developed in thefilter paper.

453 Catalase test
The Isolates of Bacteria were tested with H,O, (Hydrogen Peroxide) as described in
materials methods. It was observed that all isolate of Bacteria were formed bubbles

within afew seconds indicted a positive (Plate 10) test for catalase.

4.5.4 Citrate utilization test
The Isolates of bacteria were tested Simmon's citrate agar slants as described in
materials methods. After incubation at 30°C for 24 hours only Isolate-10 showed

(Plate 10) positive results by changing of the green bromothymol blue.

Table 3. Morphological and biochemical characteristics of isolated



bacteria (antagonistic).

| solate of Bacteria

Biochemical
Test
Iso-1 | Iso0-2 Iso-3 | Iso-5 Iso-7 | Is0-10
Gram staining B B B _ 3 3
reaction
KOH solubility test
Oxidase test + + + + + +
Catalase test + + + + + +
Gelatin liquefaction + + + + + +
test
Citrate utilization B B B B B +
test
Pecteol ytic test




Plate 9. A. Gram staining of 1s0-2 showing gram negative, pink color,
chained rod shaped organism.

B. Iso-10 showing gram negative, pink color, single rod.

C. Gram reaction with 3% KOH test showing positive reaction.



Oxidase test Catalase test

Pectiol ytic test

Plate 10. Different biochemical test.



4.5.5 Gelatin liquefaction test

All the six isolates showed positive result in Gelatin liquefaction test. All the isolates
formed liquid culture in the presence of 4°C refrigerator. Thus, there was no variation
among all theisolates in case of Gelatin liquefaction test (Table 3).

4.5.6 Pecteolytic test
In pecteolytic test, all the bacterial isolate showed negative result.

4.6. Effect of seed treatment with antagonistic bacteria and evolution their
efficacy by different method

Different methods were used to evaluate the efficacy of antagonistic bacteria viz.
blotter method, water agar test tube method, rolled paper towel method. Among them

blotter method was best for evalution the efficacy of antagonistic bacteria.

4.6.1 Effect of seed treatment with antagonistic bacteria on the prevalence of
seed bornefungi of rice (Blotter Method)

Germination varied from 91% to 98.33% and T4, T,, T3, T4 and Ts gave statistically
insignificant result, where highest value (98.33%) found in T, and T, treatment and

lowest value in T, (control).

Significant variation among the treatment in respect of percent seed borne fungi was
observed (Table 4). Rice seed yielded Fusarium spp., Bipolaris oryzae, Curvularia
sp., Gliocladium sp. and Aspergillus flavus. It was observed that none of the
treatments could completely inhibit the growth of seed borne Fusarium spp. T,
(Isolate 2) and T, (Isolate 5) showed significant effect in reducing seed borne
Fusarium spp., where T, (6.50%) comparatively gave the better result in reducing
seed borne Fusarium spp., followed by T, (8.5%), T, (9.0%) and T (10.50%) and T5
(13.50%) and Tg (16.50%). In T, (control) highest prevalence (21.5%) was recorded.

The growth of Bipolaris oryzae was completely controlled in Ty, T,



Table 4. Effect of seed treatment with some antagonistic bacteria on

prevalence of seed borne fungi of riceand germination (Blotter
method).
Prevalence of seed borne fungi

Trectments % . Bipolaris | Fusarium | Curvularia | Gliocladium | Aspergillus

Germination | Oryzae Spp. SPP- flavus
T, 98.00a 0.00c 9.00de 1.50bcd 0.00a 0.00c
T, 98.33a 0.00c 6.50e 0.50de 0.00a 0.00c
T3 97.00a 0.50c 13.50c 2.50b 0.00a 0.00c
Ty 97.00a 1.50b 8.50de 2.00bc 0.00a 0.50c
Ts 96.00a 0.00c 16.50b 1.00cde 0.00a 1.50b
Ts 90.00b 0.00c 10.50d 0.00e 0.00a 0.50c
T(Contol) 91.00b 6.25a 21.50a 4.750a 0.25a 3.50a
LSD0.05) 3.515 0.8113 2.665 1.140 0.3898 0.8457

In a column figure having same letter(s) do not differ significantly at 5% or 1% level

by DMRT

T,=Isolate 1
T2: |solate 2
T,= Isolate 3

T4: Isolate 5

Ts=Isolate 7

T6: |solate 10

Tz=Control (without isolate)




and Tg treatments. But highest prevalence (6.25%) was observed in treatment T-,
followed by T, (1.50%) and Ts (0.5%). The growth of Curvularia was completely
controlled in Tg and highest prevalence (4.75%) was observed on treatment T,
(contral) flowed by T3, (2.50%), T4 (2.00%), T, (1.50%), T, (0.50%). The growth of
Gliocladium was completely controlled by all treatments except T, (0.25%). The
growth of Aspergillus flavus was completely controlled in T,, T, and T3 and highest
prevalence (3.50%) was observed in treatment T, followed by Ts (1.50%).T,4, Te
gave statistically similar result (0.5%).

4.6.2 Effect of seed treatment with antagonistic bacteria on germination,
normal and abnormal seedling and dead seed of rice (water agar test
tube method).

Effect of seed treatment with antagonistic bacteria on % germination, % normal
seedling , % abnormal seedling dead seed % of rice were determined and the result
were presented in table-4. The highest (96.67%) germination was recorded in
treatment T, which was dtatistically insignificant with other treatment except T-

(contral). The lowest germination (89.00%) was recorded in Control.

The treatments showed variation from one another regarding percent normal seedling
and the results for all the treatments ranged from 85.33-74%, where the maximum
counts (85.33%) was found in T; (Isolate-1) and minimum (74.00%) in T,
(Control).T4, T,, T3, T4 and Ts have insignificant effect in producing normal seedling.

In case of present abnormal seedling all treatment showed statistically non significant
result. The ranged of abnormal seedling varied from 9.67-15.00%, where the highest
(15.00%) percent was observed in T, (Control) followed by T (14.67%) aswell as T,
(13%) and the lowest (9.67%) percent wasfound in T, (Isolate-1).



Table5. Effect of seed treatment with some antagonistic bacteria on
germination, normal and abnormal seedling and dead Seed
of rice (Water agar test tube method).

Treatments %Germination %Normal %Abnormal | %Dead Seed
Seedling Seedling
T, 95.00ab 85.33a 9.667c 5.00bc
T, 96.67a 83.67a 13.00ab 3.33c
T3 93.33b 83.33a 10.00c 6.66b
T, 94.00ab 83.33a 10.67bc 6.00bc
Ts 96.00ab 85.33a 10.67bc 4.00bc
Te 93.67b 79.00b 14.67a 6.33b
Control 89.00c 74.00c 15.00a 11.00a
LSD0.05) 2.486 2.546 2424 2.486

In a column, figure having same letter(s) do not differ significantly at 5% or 1% level
by DMRT.

T,=Isolate 1 Ts= Isolate 7
T,=Isolate 2 Te= Isolate 10
Ts= Isolate 3 T,=Control (without isolate)

T,=Isolate 5



Fig 4. Normal seedling in water agar test tube.



Fig 5. Normal seedling.

Fig 6. Dead seedsin water agar test tube.



Similar trend was found in case of percent dead seed. The results varied from 3.33-
6.67%. The minimum (3.33%) dead seed were found in T, (Isolate-2) followed by Ts,
T, and Ty, thus were statistically similar. The maximum counts (11%) were found in
T, (Contral).

4.6.3 Effect of seed treatment with some antagonistic bacteria on
ger mination, root length, shoots length, vigor index and seedling infection of
Rice (Rolled paper towel method).

Effect of seed treatment with some antagonistic bacteria on germination, root length,
shoots length, vigor index and seedling infection were recorded and showed in Table 6
and plate. Significant variation was not found in germination. Germination varied
form 96%-93.67%, where the highest germination (96%) was recorded in T, and Tg
(Isolate-2 and Isolate-7) and the lowest germination (93.67%) was observed in

Control.

Different antagonist treated showed variation in respect of root length (cm), shoot
length (cm), 100 seedling weight (g) and vigor index. In case of shoot length all
treatment were statistically non significant except T, (control). Shoot length varied
from 4.92 to 3.25 cm. The maximum shoot length (4.92cm) was recorded in Ts and

the minimum (3.25 cm) shoot length was found in T, (Control).

The root length varied from 5.36 to 10.50 cm. The maximum root length (10.50 cm)
was recorded in T, followed by Tg(8.97 cm), T, (8.83 cm) and T, (8.29 cm). And the
minimum (5.37 cm) root length was found in T, (Control) which was statistically

similar to Tsaswell as proceeded by T3 (7.58 cm).

In case of vigor index significant variation were found among the treatments. Vigor
index varied from 753 tol424. The higher vigor index (1424) obtained from T,
(Isolate-2) treated seeds followed by Tg (1319), T, (1230) and T, (1164) and lower
vigor index (753) from T, (Control) proceeded by T5(989.6) and T (753).



Table 6. Effect of seed treatment with some antagonistic bacteria
on germination, seedling growth, vigor index and seedling

infection of rice (Rolled paper towel method).

% Shoot Root | Vigor | Seedling | Seedling
Treatments | Germination | Length | Length | Index | Weight | Infection
(cm) | (cm) (gm) (%)
T, 94.00a 4.25abc | 8.83b | 1230c | 6.80ab | 16.00b
T, 96.00a 4.33abc | 10.50a | 1424a | 7.50a 12.33d
T3 95.00a 4.00c | 7.583b | 110le | 6.50ab | 16.00b
Ty 94.00a 410bc | 8290 | 1164d | 7.00ab 12.67d
Ts 95.00a 492a | 5.50c | 989.6f | 7.00ab 14.33c
Te 96.00a 478ab | 897b | 1319b | 6.100 b | 14.67bc
T, (Control) 95.00a 3.25d 5.37c | 753.0g | 6.25ab 19.00a
LSD(00s) 2.144 0.7116 | 04378 | 7.934 | 1.143 1.409
CV % 1.27 9.44 9.64 6.73 9.54 5.28

In a column, figure having same letter(s) do not differ significantly at 5% or 1% level

by DMRT.

T]_: Isolate 1
T,=Isolate 2
T,= Isolate 3

T4: Isolate 5

T5: Isolate 7

Te= Isolate 10

Tz=Control (without isolate)




Fig 7. Rolled paper towel method in laboratory.

Fig 8. Seedling raised on paper towel.



Fig 9. Fungi infested seedling on rolled paper towel method.

Fig 10. Un-germinated seed on paper towel method.



The higher value of vigor index refers to the high vigor of seeds. Increase in seedling

vigor of seed samples occur mostly because of increase in 100-seed weight.

In case of seedling weight all treatment were statistically non significant. 100
seedling weights varied from 6.10 t07.50. The maximum seedling weight (7.50) was

recorded in T, and the minimum in (6.10) Control.

Significant variation was found among the treatments in case of seedling infection and
the results varied from 19 t012.33. The maximum (19%) seedling incidence was found
in T (Control) followed by T, and T3 (16%), Te (14 67%). The minimum (12.33%)
seedling incidence was recorded in T, (Isolate-2) preceded by T, (12.67) and Ts
(14.33).

CHAPTER-5



DISCUSSION

This study was conducted to determine the prevalence of seed borne fungi of rice and
to isolate promising antagonist bacteria from rhizosphere soil to control of rice seed
borne fungi. Seed hedth test in blotter method yielded five different fungi viz.,
Curvularia spp., Bipolaris oryzae, Fusarium moniliforme, Gliocladium sp, Aspergillus
flovus. A considerable number of seed borne fungi belonging to the genera
Aspergillus, Bipolaris, Curvularia and Fusarium have also been detected in rice seed
by a number of researchers (Main and Fakir, 1989; Riaz and Ahmed, 1995;
Gopal akrishnan et al. 2010; Tripathi and Dubey, 2004). Sharma et al. (1987) detected
10 fungal species of fungi from the rice seeds where Fusarium moniliforme
(Gibberella fujikuroi), Curvularia lunata (Cochliobolus lunata), Aspergillus flavus
and Rhizopus spp. were the most common. The association of fungi with rice seed has
also been reported by quite a good number of workers (Esuruoso et al., 1975; Miaand
Mathur, 1983; Khan et al., 2000; Hossain et al., 2000).

In the present study, fifteen Bacterial isolates were isolated from the soil sample using
dilution plate technique and their biocontrol potency were tested against the seed
borne fungi of ricee Among them six isolates showed antagonistic activity.
Burkholderia cepacia produces pyrrolnitrin and other volatile compounds, which were
able to inhibit a wide range of pathogen including Fusarium spp. (Chen and Wu,
1999; Larkin and Fravel, 1998). Burkholderia cepacia suppress many fungal plant
pathogens such as Fusarium, Pythium, Rhizoctonia, Cylindrocarpum, Botrytis and
Alternaria (Reddy, 1997). Adesina et al. (2007) isolated 1788 isolate from soils
among them 322 isolate were found as antagonistic. Extracellular antifungal
metabolites produced by Bacillus pumilus inhibited mycelial growth of many species
of Aspergillus, Penicillium and Fusarium. (Munimbazi and Bullerman, 1998). The
biocontrol mechanism to suppress funga pathogens by Pseudomonas spp. normally
involves the production of antibiotics and P. fluorescens has a gene cluster that
produces a suite of antibiotics, including compounds such as 24-
diacetylphloroglucinol (DAPG), phenazine, pyrrolnitrin, pyoluteorin and biosurfactant

antibiotics (Angayarkanni et al., 2005).



Effect of seed treatment with antagonist bacteria on prevalence of seed borne fungi
were done in blotter method. It was observed that al the isolated bacteria inhabited
the growth of seed borne fungi viz. Bipolaris oryzae, Fusarium spp., Aspergillus
flavus., curvularia spp., Gliocladium. This result of biological control of seed borne
fungi is supported by Parveen and Gaffer (1991). Numerous antagonistic
microorganism with the potential for bio-control of plant diseases has been reported
and identified over the past few years ( Fereid et al., 1991). The possibility of
controlling pathogenic fungi by antagonistic microorganism has been explored by
various workers (Blakeman, 1985; Pandey et al, 1993 and Agarry, 2005). The
mechanism of biological control of plant pathogens by antagonistic bacteria and fungi
have been the subject of studies in the past two decades (Janisiewicz et al 2000). Most
of the studies were on the control of root and soil borne plant pathogens and to lesser
extent such as bacteria, fungi, actinomycetes, viruses and nematods that reduced the
number of disease producing activities of the pathogens (Whipps and Lumsden,
2001). Mechanism of bio-control of root and soil borne pathogens are as aresult of the
direct action of predation or parasitism, induced resistance of the host plant and direct
competition for space and limited resources (Janisiewicz et al., 2000). These
mechanisms reduce the infection level and bring about the desired result, Linderman
(2000). Many bio-control agents have been successfully used in laboratory and
greenhouse experiments to control root/soil borne fungal and bacterial pathogens.
Bacteria are important as antagonists of soil pathogens such as Fusarium spp and
certain other pathogens that attack root rapidly through multiple infection. Example of
such bacteria are Pseudomonas fluorescens (Georgakopoulos et al., 2002), P. putida
(Scher and Baker, 1982), Pseudomonas spp. (Whipps and Lumsden, 2001).

Effect of seed treatment with antagonistic bacteria on germination, normal seedling,
abnormal seedling and dead seed were done in water ager test tube method. In this
method significant variation were not recorded but showed better result than control
regarding seed germination, abnormal seedling, normal seedling and dead seed. Effect

of seed treatment with antagonistic bacteria on germination, shoot length, root length,



vigor index, 100 seed weight and seedling incidence were recorded in rolled paper
towel method. In this method the highest germination (96) was recorded in T, and Tg
(Isolate-2 and Isolate-7) and the lowest germination (93.67%) was observed in T,
(Control). higher vigor index (1424) obtained from T, (solate-2) treated seeds and
lower vigor index (753) from T, (Control). No related works has been found related
to the work from the previous study. Further works to be needed in this area.

CHAPTER 6
SUMMARY AND CONCLUSION

This study was carried out to identify bacterial antagonist from the soil rhizosphere

and to control seed borne fungal pathogen of rice as we have no formulated bacterial



antagonist. Five seed borne fungi such as Bipolaris oryzae, Fusarium spp.,
Curvularia spp. Aspergillus flavus, Gliocladium sp were isolated from incubated
rice seeds. Fifteen probable bacterial isolates were isolated from the rhizosphere soil.

| solation was carried out following dilution plate method.

In-vitro interaction between seed borne fungi and isolated bacteria reveded
antagonistic effect of isolated bacteria over seed borne fungi. In dual culture method
that Iso-1, 1s0-2, 1s0-3, 1s0-5, 1s0-7 and 1s0-10 reduced the growth of Bipolaris
oryzae, Fusarium spp., Curvularia spp., Aspergillus flavus, Gliocladium during this
study.

In morphological test all isolate except 1s0-10 produced cream color colony and |so-
10 produce light yellow color on NA medium after 24 hours of incubation. In Gram
staining and KOH test all antagonistic bacteria gave gram negative reaction. Under
compound microscope produced pink color, straight and curved rod with no
particular arrangement. All the isolates were positive in catalase and oxidase test and
negative in pectiolysis test. 1s0-10 showed the positive result in utilization of citrate
where other isolates showed negative in utilization of citrate. All the six isolates
showed positive result in Gelatin liquefaction test.

In this study different methods were used to determine the efficacy of bacterial
Isolates. The effect of seed treatment with bacterial isolates was studied in blotter
method. In blotter method it was found that all the isolated bacteria showed
significant effect in reducing the prevalence of seed borne fungi of rice. 1so0-2
completely inhibit the growth of Bipolaris oryzae, Aspergillus flavus and
Gliocladium sp. 1so-2, 1s0-5 and 1so-6 completely inhibit the growth of Bipolaris
oryzae , Gliocladium sp. 1s0-2 aso found better performance than other in respect
germination (97%).

The effect of seed treatment with bacterial isolates was studied in water agar test tube

method. Significant variation was recorded in regarding germination, normal



seedling, abnormal seedling and dead seed. Highest % of normal seedling was
recorded in T, & Ts (85.33) treatment and lowest % normal seedling was recorded in
T, (74%). And T, showed better result than other treatments.

The effect of seed treatment with bacterial isolates was studied in rolled paper towel
method. Significant variation were recorded in regarding germination, vigor index and
seedling incidence. The highest germination (96) was recorded in T, and Tg (Isolate-2
and Isolate-6) and the lowest germination (93.67%) was observed in T, (Control). The
maximum (19%) seedling incidence was found in T, (Control) and the minimum
(12.33%) seedling incidence was recorded in T, (Isolate-2). higher vigor index (1424)
obtained from T, (Isolate-2) treated seeds and lower vigor index (753) from T
(Control).

Base on the finding of the study the following conclusion may be drawn

Rhizosphere soil is known to harbor a wide range of microorganisms. A number of
antagonistic microorganisms inhabited in rhizosphere soil. This microbial antagonistic
play an imprtent role in controlling or suppressing the growth of other pathogen
present in soil and seeds. Among them Pseudomonas spp., Bacillus sp, Burkholderia

sp and Rhizobium sp have found potential role against pathogenic fungi.

In this study bacterial antagonistic were isolated and tested against the seed borne
fungi of rice. Among the isolates iso-2 have potential effect in controlling seed borne
fungi of rice. So this could be applied as seed treatment. Further investigation and
characterization of these bacterial isolates may be undertaken to determine its efficacy

against rice seed borne fungi.
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Appendix 1

Composition of Media:
The compositions of the media used in this thesis work are given below: Unless
otherwise mentioned all media were autoclaved t 121% for 15 minutes at 15 Ib

pressure.

1. Nutrient Agar (NA)

Ingredients g/L
Beef extract 3.0
Peptone 5.0
Sodium chloride 5.0
Agar 20.0

2. Potato Dextrose Agar (PDA)

Ingredients g/L
Peeled Potato 200g
Dextrose 20g

Agar 179



Water 1000ml

3. Motility Indole Ur ease agar (M1U)

Peptone 30.0gm
NaCl 5.0gm
Urea 20.0gm
M onopotassium Phosphate 2.0gm
Phenol red 0.005gm
Agar 4.0gm
Distilled water 1000ml
pH 7.0gm

All ingredients except urea were dissolved in 900ml distilled water sterilized at 121°C
under 15lbs/in pressure. Urea solution 20% was filter - sterilized using mili-pore filter
and was added to the autoclaved medium.

4, Simmon'scitrate agar

Magnesium Sulfate 0.2gm
Sodium citrate 2.0gm
NaCl 5.0gm
Dipotassium Phosphate 1.0gm
Monopotassium Phosphate 1.0gm
Bromothymol Blue 0.08 gm
Distilled Water 1000ml
Agar 20.0gm

Sterilized at 1210C under 15lbs/in pressure for 15 minutes.

Apendix-2



Preparation of Reagents
1. Gram Stain Solution

a. Stock Crystal violet
Crystal violet 10gm
Ethyl alcohol (95%) 1000m

b. Stock oxalate
Ammonium Oxalate 1gm
Didtilled Water 1000ml

Crystal violet working solution: 20 ml of solution no. a mixed with 80 ml

solution no. b. Additional dilution was made when desired.

c. Lugol'slodine Solution
lodine Crystal 1gm

Potassium lodide 2gm

Dissolved completely in 10 ml of distilled water, and then added to distilled water to
make 300 ml. Stored in amber bottle.

d. Ethyl alcohol (=70%): Stored in -20°c 250ml
e. Acctone 250ml

f. Counterstain

Safranine 2.5ml
Ethyl alcohol (95%) 100ml
2. Phenol-red solution

0.2% aqueous solution of phenol red.



3. STE buffer:
Tris-Hcl 10mM (pH-8.0)
EDTA 1mM (pH-.8.0)
NaCl 100mM

Preparation : (100X stock solution)

Tris-Hcl +EDTA +NaCl
J

Add 300ml distilled water
J

Stirring and adjust pH to 8 with conc. Hcl

N2
Volume up to 500ml

4, TE buffer (TrissEDTA):100X

60.55gm/500ml
18.612gm/500ml
loom

Tris-Hcl 10mM (pH-8.0) 60.55gm/500ml
EDTA 1mM (pH-.8.0) 18.612gm/500ml

Preparation : (100X stock solution)

Tris-Hcl +EDTA +NaCl
J

Add 300ml distilled water
J

Stirring and adjust pH to 8 with conc. Hcl
N%

Volume up to 500ml

5. 20% SDS (Sodium dodecy! Sulphate)

CTAB (Cethyltrimethyl Ammonium Bromide): (10% CTAB)



CTAB 10g
0.7M Nacl 100ml

Preparation:
CTAB+0.7M Nacl

NZ
Stirring and shaking vigorously

7. Phenol: Chloroform: Isoamyl Alcohol (25:24:1)
Preparation : For 50ml

a 25 ml Phenol
b. 24 ml chloroform

c. 1 ml isoamyl acohol

8. Ethyl alcohol (=270%): Stored in -20°%
9. Loading dye

e 0.25% xylene eyanol

e 0.25% bromophenol blue
e 30% glycerol

e 1mMEDTA



