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ABSTRACT

Bacteria have the ability to produce a wide variefymetabolites with antifungal capabilities. Theesent study
was assessed in order to find out the antagonadititity of eight different soil borne bacterial atns, Escherichia
coli, Klebsiella ozaenae, Pseudomonas maltophilagilBis circulans, Bacillus sphaericus, Bacillusagmlans,
Serratia marcescens and Streptococcus spp.agaoree splant pathogenic fungi , Alternaria porri, Fuisen
oxysporum, Sclerotium rolfsii and Botryodiplodizetfibromae which were isolated from disease specim&lh.
isolates were subjected to primary screening addest organisms and further carried out to secagdcreening
using agar disc assay and slide culture techniqisst of the selected bacteria exhibited promisingagonistic
activity against tested organisms. Out of eightteaal species P.maltophila and B.circulans reveakffective
biocontrol potential against all tested fungi. Weas Streptococcus spp induced the vegetative grofwvt8.rolfsii
and F.oxysporum. In slide culture techniques, Ptopdlila completely inhibited the spore’s germinatiof
B.theobromae and S.rolfsii while the S.marcescesBacirculans produced 0% of spore germinationSorolfsii.
Hence, K.ozaenae and Streptococcus spp showeddfastive on F.oxysporum and B.theobromae andfS§iiro
respectively. The experimental results demonstratedfungicidal effect of bacterial species andeaded the
possibility of these bacterial species to be usetia control agents against these fungal species.
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INTRODUCTION

Fungal plant pathogens are the most important fadtat cause serious losses to agricultural ptsdemery year.
Therefore they have to be controlled to ensurepthat products quantitatively and qualitatively.nicides are
commonly used to control the diseases in plantsquent uses of these chemicals are hazardous tarisuand
environment (1) and leads to environmental poltutid is always better to adopt biological methscha alternative
disease control method in order to reduce the dazarhich is also ecology conscious and eco-frignd|

Antifungal agents produced by microorganisms mayded as biocontrol agents.Some soil borne furagiteia
and actinomycetes have been identified and usedtagonistic microbes. A number of bacterial spebi&ve been
tested as biocontrol agents. Antifungal metabolitesiuce by bacteria likBseudomonaspp ,Bacillus spp(2-5),
Serratiaspp (6)have been well documented for their antifliragtivity. For instance?seudomonas fluorescens
used againsRhizoctoniaand Pythiumdamping off of cotton an®acillus subtilisused for seed treatment(7) and
Serratia marcescensused for growth inhibition of phytopathogens. eTimechanisms underlying these bacterial
antagonisms for plant pathogens involve antibiosisnpetition for nutrients or space, enhancemenof and
plant development, induction of plant resistanod/ar inactivation of the pathogen’s enzymes(8)til#iasis, in
particular, is the most important mechanism fortaunof plant disease. The present study was ahroigt to
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evaluate the biological potential of eight differenil borne bacterial isolates against four déferphytopathogenic
fungi.

MATERIALS AND METHODS

Fungal and Bacterial isolates

Eight different species of soil borne bacterizscherichia coli, Klebsiella ozaenae, Pseudomomnesdtophila,
Bacillus circulans, Bacillus sphaericuBacillus coagulansStreptococcusp, Serratia marcescenwgere obtained
from culture collection, Department of Botany, Uasity of Jaffna, Sri Lanka. The plant pathogeniadi,
Botryodiplodia theobromae, Alternaria porri, Fusam oxysporunand Sclerotium rolfsiiwere isolated from stem
end rot of mango, purple blotch disease portiorombn and wilt disease of tomato, respectively. Ehesre
identified based on its vegetative and reproducsirectures. Bacterial and fungal isolates werentaaed on
nutrient agar and Potato dextrose agar (PDA) stastsectively at 4C until used for further study.

Antagonistic assay

a) Preliminary test

Four different bacterial species were streakedhiak bands on four opposite edges on the PDA pldtesn 4 mm
diameter disc of tested fungus was cut from of elively growing culture by a sterile cork borer goldced onto
the center of above PDA plates. The Petri dishee wealed by parafilm and incubated at room tentperan dark
for 2-3 days. Where mycelia disc on PDA medium withbacteria was maintained as control. The aboweegure
was carried out to eight soil borne bacteria and f&elected fungi separately, and antagonisticcefbowed by
bacteria was noted as strong, moderate, weak aeffeti (9)The experiment was conducted in three replicates.

b) Agar disc method.

0.1 ml of the test bacterial suspension®(0FU/ml) was transferred to the center of the PDdtepusing sterile
pipette and spread by sterile glass spreader separ@hen 4 mm diameter of each mycelia disc watsusing a
sterile cork borer and placed in the center ofaheve PDA plate separately under aseptic condityeelia disc
on PDA medium without bacteria was used as confifoé cultures were incubated at room temperatudaik for
3-5 days and diameter of the fungal mycelia gromgls measured(10). The experiments were carriethdoe.

c¢) Slide culture method

Spores suspension was prepared from 7-10 daysdo€wdture of fungus separately and the numbersungdl
spores were counted by using haemocytometer. L#eewbhacterial suspensions were prepared and their
concentrations were adjusted td GFU/ml by dilution technique. After that, by usingcropipette, 25 pl of fungal
spores suspension was mixed with the 25ul of thitelial spores suspension on cavity slides. Thawitycslide

was placed in moist chamber made by placing stditiler paper in the Petri dishes and incubatedrcatm
temperature for overnight. Spores mixed in statigtilled water was used as control, percentaggeahination was
obtained using the formula(11).

Percentage of germination=_Number of germinatenesx 100
ot@l number of spores
Percentage of inhibition= 100 (Percentage of germination)

Statistical analysis
The results for the antifungal activity were sulbgeicto examine by using analysis of variance arkeytest at
P=0.05 using software SPSS Windows version 13.0.

RESULTS AND DISCUSSION

The results of preliminary test demonstrated thah IP.maltophila and B.circulans had strong antagonism while
B.sphaericusand B.coagulansshowed the average. In addition to thokKepzaenaeclearly showedthe weak
inhibition among all tested fungi. On the other h&tdeptococcuspp had no effect on all of the tested organisms.
FurthermoreE.coliresulted average inhibition agaisporri, B.theobromaandF.oxysporurmand it showed weak
inhibition againstS.rolfsii. According to the result#\.porri was the one which was highly inhibited by mosths t
soil borne bacteria (Table 1).
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Table 1: Effect of soil borne bacteria on selectefdingi in preliminary test.

Bacteria Degree of antagonism on fungal vegetatiwowth
A.porri | B.theobromae | Srolfsi | F.oxysporum
Pseudomonas maltophila  +++ +++ +++ +++
Bacillus circulans +++ +++ +++ +++
Bacillus sphaericus ++ ++ ++ ++
Escherichia coli ++ ++ + ++
Serratia marcescens +++ ++ ++ T
Streptococcuspp.
Klebsiella ozaena + + + +
Bacillus coagulans ++ ++ ++ —+
Control R

No inhibition: - (Fungal growth was similar to thaf control)
Weak inhibition: + (Fungal growth was slightly ittiied by bacteria)
Average inhibition: ++ (Loosely arranged myceligrowth over the bacterial zone)
Strong inhibition: +++ (Fungal growth was complejeinhibited before the bacterial zone)

Table 2: Effect of soil borne bacteria on selectefingal vegetative growth by agar disc method.

Mean diameter of fungal mycelia growth (cm)

Bacteria A.porri Srolfsi B.theobromae | F.oxysporum
P.maltophila 0.4+0.05 [ 2.17+0.06 0.39+0.03 0.42+0.03
S.marcescens | 3.760.02 | 7.95+0.08 4.85+0.05 2.02+0.08
E.coli 3.57+0.08 | 3.45+0.05 5.62+0.08 1.86+0.02
K.ozaenae 4.65+0.01 | 7.560.02 5.66+0.02 2.57+0.02

B.sphaericus 6.47+0.09 | 7.82+0.22 | 5.33+0.08 1.75+0.08
B.coagulans 5.68+0.03 | 6.07+0.06 | 4.63+0.03 1.90+0.0%°

B.circulans 2.68+0.01 | 5.22+0.08 | 2.13+0.0% 1.31+0.01
Streptococcusp | 6.72+0.08 | 7.94+0.06 | 6.52+0.02 3.42+0.01
Control g 8.02+0.08 | 7.85+0.08 2.72+0.1%

Values are meansSD. Values with different supeps@n the same column show significant (P<0.05¢déhce.

The present study showed that most of the testetbia strains exhibited varying degree of antasiic effect
against all pathogenic fungi. In this trildseudomonas maltophilshowed highest antifungal activity against all
tested fungi cultivated in PDA medium, it may be2da the production and secretion of antifungal poands that
was able to reduce the growth of fungi. Formedgthave investigated the antifungal potentiaPsEudomonas
flourescenceagainstpathogenic fungiAlternaria cajanj Curvularia lunatg Fusarium sp. Bipolaris sp. and
Helminthosporium 9(.2). Hence, Rakh studied the highest antagonistic &gtivdf P.monteilii on Srolfsii by
producing diffusible antibiotic, volatile metabel#, hydrogen cyanide and siderophore(13). Furthexnoar study
also showed that the mycelial growth Btheobromaewas dramatically reduced by tiemaltophila which was
followed byB.circulans B.coagulans SmarcescensandB.sphaericusespectively. And als&.coli andK.ozaenae
exhibited equal antagonistic effect on it. Pregigusimilar growth inhibitory ability ofBacilli speciesBacillus
subtilisand B. polymyxdn in vitro have been reported against wood decaying fungi (Mddav has also reported
cytosolic proteins ofEscherichia coliare responsible for antifungal potential againsth@genic strains of
Aspergillus fumigatysA. flavus A. nigerand Candida albicang15). Another study also mentioned that the mygceli
growth of many species dispergillus,Penicillium and Fusariunwere inhibited by the antifungal potential of
Bacillus sp, Pseudomonasp andStreptococcusp(16-17). In case @treptococcusp exhibited least antagonistic
activity againstA.porri andB.theobromaecompared to other bacterial strains. At the same f although there was
no significant difference betweeBtreptococcuspp and control on the mycelia growth &folfsii, the result
showed the significant (P<0.05) difference on thewgh of F.oxysporumwhere the growth oF.oxysporumon
Streptococcusreated PDA medium was noticed to be higher thargtowth on control plate (Table2). Besides this,
the results obtained from this study demonstrated there was a significant difference (P<0.05een most of
the bacterial antagonistic activity against eacti amery fungus. However, some of them suctSasrcescens
B.sphaericusand Streptococcussp. didn't show any significant difference among tantagonistic activity on
Srolfsii whereas the fungi revealed approximately equaitirmn the above bacteria treated PDA plate as agell
on control plate(Table2). In the caseFobxysporumthe bacterial specieStreptococcugreatly induced the growth
of the above fungi while thB.circulanssignificantly reduced the growth of the fungi néxP.maltophila(Table2).

From the conducted studieB, maltophila showed completely (0%) inhibitory effect on spogesmination of
B.theobromaeandSrolfsii. Wheread.circulansandSmarcescensiso had 0% of inhibitory effect only on spores
germination ofSrolfsii. On the other hand least inhibitory effect on sgagermination of botB.theobromaeand
Srolfsii were revealed bgtreptococcusp. While the germination d¢f.oxysporunwas induced by thK.ozaenae
only, the P.maltophila hugely inhibited the germination of the fungi winigvas followed by theB.sphaericus
B.coagulansandSmarcescensespectively (Table3).
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Table 3: Effect of soil borne bacteria on fungal spres germination in slide culture method.

Bacteria Mean percentage of fungal spores germinath
F.oxysporum | B.theobromae Srolfsi

P.maltophila 15.51+0.02 0 0
S.marcescens 37.05+0.08 29.48+0.06 0
E.coli 67.72+0.02 69.50+0.02 62.17+0.29
K.ozaenae 73.60+0.02 63.89+0.08 50
B.sphaericus 31.98+0.08 24.17+0.29 12.30+0.44
B.coagulans 35.31+0.9 29.97+0.06 37.33+0.29
B.circulans 48.39+0.04 7.02+0.03 0
Streptococcusp | 38.57x0.24 | 72.09+0.186 | 62.33x0.29
Control 51.03+0.06 75.90+0.02 100°

Values are meanSD. Values with different supepsan the same column show significant (P<0.05gdéhce.

Previous experimental results indicated tRseudomonasp produces antibiotics such as HCN, phycocyanin,
pyrolnitrin and pseudomonic acid which are respaesior the inhibition of fungal spores germinati¢hl).
Another study also mentioned thzacillus sp also able to produce antibiotics, bacilysumjiit and mycosubtilin and
siderophores which are suppressing fungal sporemigation (18).And also Serratia marcescenshas an
antagonistic activity through antibiosis (19).

Moreover, in the case of spore germinatiors.oblfsii, the bacterial specieg,coli andStreptococcusp had no any
significant difference among them which are resfmador the induction of spore’s germination obab fungi.

CONCLUSION

P maltophila and B.circulans had more antagonistic effect on vegetative groeflmost of the tested fungi.
P.maltophilashowedhigh inhibitory effect on fungal spore germination amdhg tested fungi and least effect was
shown by Streptococcusspp. P. maltophila, B.circulansand S.marcescenshowed 100% inhibition of spore
germination onS.rolfsii. ThereforeP.maltophilaand B.circulanscould be used as bio control agents against the
phytopathogenic fungi. Furthermore, the feasibitifyplant disease management can be confirmectid §tudies

by using these microbes.
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