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ABNTRACT:

Fusarium Wil disease of groundmat is caused by Fuvariom oxpsporaon Sehiectitend, Emend Sapder &
Hans, which leads 1o significant yield losves of crop. Cantrol of fungael phivtopethogens by weiig s
accirring anfagonistie microorpanisms hae been the focus af ntense researcl dveughoul the woarid Tiis
approach is popularly known e Mological contred af plant patiogens. Bicdopioa! comteed i g binsfased, vee
[riendly strates: which offers @ practical and econcmics! alterianie fop the manadement of plar padhogoaes
with a pofenfial to emerge as an alternative to chemical control. Preudimonas spp 05 aoe the candidore af the
major fungal bioconirol agenis found in the soil and the vhizosphere of vaoiy crop sistens, A0 iiiluded of
FPrewdomonas were ixolaled from rhizosphere soil zamples collectod from varlons Realthy gl mi -
growing flelds and weve sereened for in vitra antagonisiic cosvity agoinst F. oxpspornm through dual cldture
fechnigue, One frolate with promiging antifungal aetivity egainn F. axpsporim was flrther idontificd threwgh
168 rBNA sequencing as Psewdomonas & monteilii 9, Predomonas of  manieldii ¥ showed highest
antaganism againsi F. expsparwn mycelia with the percentage inhibition wp to 60 73% The antifiurgal
activities of Prendomonas ¢f monteilli @ apeinst F, ooysporum fmoslved the seoresion of velatile, non - volatile
difficsible Sioactive compowrds, and siderephore,

KEYWORDS: Fusarium Wilt, Groundnut, Fusarium esporum, Preadomonas of, maoanieillii 8,

INTRODUCTION

Groundnut (Arachis fypogaea L)) crop is considered as most important crop m the World and 3 moss
important source of edible vil. Similarly. groundou 45 mnked as 3% st important senree of vesetnble
protein in the world. Groundnut crop is prone o atack by many pethegens and o @ moch larger cxrent than®
many other crops. More than 100 pmhogens. including viruses. have been repomed o alheon groundiut but
only a few are economically important in Indin such as Leaf-spots (Tikka), Early lesf-spor (Ceroasporna
arachidicola), Late leafspot (C Personaium), Rust (P, arachidisy, mnd allutoxm contmmination (Aspergiiine
flavuz and A parasiticus). The other diseases such as Collar rot {4 niger), Fusarium will (Slsaeion
oxysporuwt), Stem-rot (8, ralfvii}, Root-rof (M. plhaseoling), Bud necrosis (omate spotied will virus), Clump
and peanut [groundnut) mottle dizzase are localized”

Fusarium oxpsporum 18 one of the most common soil fangi in coltivated soil all ever the world T
includes a large diversity of straing, all saprophytic ond most purasitic’, The will in ductng strains of £
Oxysporum Cluse & serious damn.ge to many economically important agneultueal erops’. Fusorem il
pathogens are very host specific. Based on theu' host plant species and plant cultivars, there are more han 33
forms, 117 formae specials and 2% varieties'. Fusarion will 35 ane of the common disease of groundou,
Hused by the fungus Fusarion coysporum lead to significant vield losses II1L pathopen mnfects the roots and

colonizes the vascular tissue, leading o wilting and finally death of the plant’. The manageinent of Fusarium
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wilt is mainly through chemical soil fumigation by methy] bromide. However, their use is custly as well as
environmentally undesirable®. So, the use of soil fumigants has bean binned becauss of their harmiful offects
on human health and environment”

The cost effective, environmental fendly newly emerging strategy of managing plant phytopathogen
is the exploitation of bioconirol agents. Bacteria have been explored as biocontrol agents for plant disesses”
and a3 plant growth promoters and inducers of disease resistance”. The rhizobacteraidentified as potentuil
biocontrol strains and plant %mwl:h promoting rhizobacteria often belong to the foblvwing genesa (i) Saciis
spp " (1) Preudomenas spp. and (i) Srrentomyees 527

The use of antagonistic bacteria has been reported as a powerful strategy 1o suppress soil-bome
pathogens dug o their ability to antagonize the pathogen by multiple modes and 1o effectively celonize the
rhizosphere. The widely recognized mechanisms of biscontrol action melude competition for an ceological
niche or substrate, as well as the production of inhibitory compounds and hydeolytie enzymes that ane often
active against a broad spectrum of fungal pathogens. Many microorganisms are known 1o produce muliiple
antibiotics” which can suppress one or mare pathogens” For instance, Hocilhe sl peaduges severl
ribasomal and non-ribosomal peptides that act as antibiotics such 48 iturins, surfacting and zwittermyein'” und
it secretes also hydrolytic enzymes, i¢. protease, glucanase, chitinase'®, lipase' and amylase™ In many
instances, Preudomenas 2 and Bacifhis 0. have heen l;|'_||'_||||.','|:| as biocontrol dagenis o sSOppIEss |‘1|;.||'||;_
pathogenic organisms ™. Bacilfus sp. are gaining recocnition as safe bioconirol agents i o variety of crops,
specifically as seed protectants and anuifungal agents’ Marcover. they s spore-formens, which impart o
natural furmulation advantage over other microgrganims

The present work aimed to search for effecuve anagonistic fizobuctera for controlling Fusarian
oxpsporunt, the causative agent of Fusarium wilt disease of groundnat, Keeping in view, the importince of
rhizospheric bacteria n sustainable agrcultural development by controlling the phvtopathozen, the present
study mims at (i) Isolation of rhizospheric bacterin from different rhizespheric source. (i Screening of
rhizospheric isolates isolated from rhizospheric soil for in vitre antagonism apainst Fusasiwn erisseuadin
To identify the thizospheric isolate based on 16SrRNA sequencing and (iv) Chameterization of ér vitro
biocontrol mechanism of Rhizospheric isolates.

MATERIALS AND METHODS
Fusarfom Wilt Phytopathopen:

The Pusarium oxysporwn, causing Fusarium will i groundngt, was procured from the carlier work
curried at Department of Microbiclogy, 5. G. B, Mabhavidyalava, Pumna,

lsolation of Prewdomonas sp. Trom Rhizospheric soll:

Rhizospheric soil from healthy groundnut plants wis collected in poly-cthylens bags and brought 1o
the rescarch laboratory. | gm of seil sample was inoculued info 100 Ml nutricnt broth and kept for incubation
at rooun temperature for 24 h,

For isolation of Preudomonas sp., 1ml of this nutrient brot was transfered o seloctive envichment
media such as Cewrimide broth and kept for incubation at rocm lempernture far 24 b From eanched Cetrimide
brath, a |ﬂ|:l-pﬁ.]| of culture was streaked on Cetriimide .|g,4|r". and the nlates weve meubiled at room
lemperature tll colonies were observed (24 — 48 h) The iolated colonies developed were then purified on
nutrient agar slants and used for screerung purpose against the phytopathogen for biceontisl abiliy

Sereening for Potential Bioccontral agents:

All the isolates of Prendomonas &g, were screered Tor potential antagonistic petivity againgt Fusoriom
axysparinm on King’s B agar plate™ through dual culture techniguee™ A S-mm dise was cat from an aetively
growing Fusaritm axysporium culture on Nutrient agar plate and placed oo the surface of fresh King's B agur
imedium at the one side of the Pein plates, A loopful of actively prowing Preudimonas sp, (each ) was placed
opposite to the fungal disc. The control plates were prepared by iroculuing King's B agar plate only with
phvtopathogen. Each experiment was carried out in triplicates. Mlates were incubated at room temnperaie for
7 days, Degree of antagonism was determined by measuring the radial growth of pathogen with bacterial
culture and control. Pevcent inhibition was caleulated by the following equation™
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Percent Inhibition = Diameter of control — Diarmeter of Test/ Dinmeter of Control
Whiere,

Contral = Colony diameter of Pathogen alone in mm

Test = Colony dumeter Pathogen+Antagonist in mm

Identitication of Antagoaistic Peeudomaonas sp.

An effective antagonistic Pseudomonas sp. obtamed through screening eeains! s Gxpsmarie,
wag identified with the help of 165 rENA sequencing commercially cairizd at Agharki Resedrch Institute
{ARD) Pune, Maharashtra,

Characterization of Antagonistic Mechunizm:
Ta characterize the antagonistic mechanism shown BEainst FLRrium oxysuee dunng screening, the
efficient Preudomonas sp. were tested to produce Volatile metabolite, Non — volatile ditfusibic metuba e and

Siderophare.

Detection of Volatile Metabolites production:

The volatile antifungal metabolites production by the antagonistic bactena was detected by using
method where two balf plates (sterile) was used™, The two plates were poured with sterile molten und conled
Kings B Agar and allowed to solidify. Now the Psewdomanas culture was spot neeulated on one of the half
plate in centre and on the other half of the plate, a disc of four-day old pure culture 07 Flesarliut aryamoim
wis pisced. Both half plates were placed face to face preventing any physical contact belween the pathopen
and the bacterial culture. The two plates were scaled topethes with sticky ape o manimize loss oof violatiles
produced. Control plates were prepared in @ similar manner but the bottom phate comtained RKang's B agar
without o bacierial eulture. The plates were incubated ai reom femperatare For & days anid the growth el the
pathogen was messured and compared to control plates developed n the absence of the antagonist
Experiment was tun in triplicate. Results expressed in terms of nhibition (%) of fungal growth in the presence
and ahsence of hacterial isolate and percent inhibition was caloulated by using formula™

{ Control — Test)

PFarcent Inhibition = 100
Controk

Where,
- Radial growth of fungus in control plates {mml,
T - Radial growth of fungas on the plate inoculated with Antagoniss (mm),

Detection of Nom — Vaolatile Diffusible Metabolite:

To check Mon-volatile diffusible metabolite production with <light modification instead of PRA plates
King's B plates were used™. The plates covered with & cellulose nirate miembrane, were inoculated in the
center with Prendomenas suspension. After incubation for 48 b at room temperane, the memivene i
grown bacterial culiure was removed, and the plate wus inuculited i the conter (helis the gagail w ith 4 5-
mim disk of Fusarium exysporum and plates were re-incubated il room temperihine fiar 7 days and the griwth
of the pathogen was measured, Control were nun with sn-inoculsted King's B plates contaiming plates on the
celluluse nitrate membrene {replacing the bacterial suspension by stenle distilled water), i nd firther inculbaied
with pathogen Fusarium cosporfum, Experiment was run I tnplicites. Resulis were expressed as ™
inhibition of fungal pathogens in the presence and absence of entagonistic bucterl tsolate”

Analysis of Siderophore Production:

The Psewdomonas sp. inoculum was prepared in Kong's B medium und ineubuted w28 7L on rutary
shaking incubator {120 rpin) for 18-20 h. )

Sicernphore production was carried out using twodiGed Succinate medium®, 0.1 ml of inveulum was
separately inoculated in 250 ml Erlenmeyer flask contaiming Succinate medium wnd meuhated on rum
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shaker incubator for 48 h at 28°C, Afler incubation, supcrmatant wes harvested Ey centrifig ing the culune ot
10,000 rpm in cooling centrifuge at 4°C for 10 min.

Siderophore Detection:

Siderophore production was detecied using Universal Chrome Arurol § Asssy (CAST  Here egual
volume of supematant and CAS reagent was mixed in o clean test tube and observed [or colur change as
compare W reference. :

EXFERIMENTAL RESULTS:
Isolation of Pseudomaonas £p. from Rhizospheric soll:

In present work, 40 rhizospheric Pesudomonas sp. was wsolated from healthy groundva thizospheric
sodl and were tentatively named as Peeadomonas tsolate 1 to Preudomonas aolate 20 to ayvaid conlusion,

Screening for Potential Blocontrol apents:

All the Frendomonas isolates displayed some antagonistic activity wgainst Fusarivm cozporym by
ciual culiure technique. In our studies all isolates of Prevdomanas inhibited growth of £ axysporom to variows
exients, A maximum inhibition percent of 60.75 was mewsured for Peeadomonas isolate 2V and minimum
inhibition percent of 10.98 was found for isolate 20 (Table | and Plote Plase Iy and ihes isolote was wsed for
further study,

Hdentification of efficient antagonistic Prendomanus sp

[he most efficient antagonistic Prewdomonas isulute 19 spoited dunng sereesing wpmnet Sl
axysporiem by dual culture technique was identified by 168 tRNA sequencing us Presdomeones of mondeilii 9
with accession number AF181576 of GenBank, :

Characterization of Antagenistic Mechanism:

The bacterial agents exert a protective effect on plant through amagonism wwirds pltepathogenic
fungi. Two major mechanisms have been proposed to explain the suppressive and antagonistic effects of
Preudomonads i.e. either the phytopathogen is inhibited by competiton for iran, as aviilabiliny of Fe ' i soil
is low (107 M) nor secondly Prewdomonas inhibit the pathogens by prodocing secondary metabolites with
antagonistic activity .z, Phenazine, Pyrrolnitrin, 2, 4-diacetylphloroglucinol and cyvanidis.

Though, the disease suppression is multifunctional atiributes, hence for understmding the mechanism
of action shown by the Prendomonas isolate under study, variety ol experiments were cimed oul during this
research work. To elucidate the amagonistic mechanism, Prewdomonas of mentedii ¥ were wsed for
production of Volatile metabolite, Non- Volatile diffusible antibiotic and Siderophore. From the resulls, 1l was
evident that Pseudomonas cf mengeilii 9 produced vanely of secondary metabalites tarnely non-velatile
diffusible antibistic, volatile metabolites and Siderophore {Table 2).

Detection of Yolatile Metubolites production:

The volatile antifungal metabolites production by e antagonistic hacteria was detocted aiter & days
mcubation Prewdmmonas cff manteitii ¥ produced volatile metabolites to inhibit Facerion: o oo, T1.33
¥ (Photo Plate 2 and Table 3,

Detection of Non - Vaolatile Diffusible Metabolite:

To elucidate Non-Volatile Diffusible Metabolite production mesulls wers recorded after 7 days of
incubation where Peudomonas of. monteilil 9 seerete non-voltile diffusible metubolites aed cpises (009
mhibition of Fusarium axpsporen on King's B medivm (Photo Plate 3),

Siderophore Detection; '

Siderpphore production was detected using Universal Chrome Arvuml S Assay (CASY Pooscdomoni
ef. mowieilii 9 gave instant color change of CAS reagent from bluc o classical golden orange when tested
qualitatively by Universal CAS assay (Photo Plate 41,
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DISCUSSION:

Preydomonas s, hos alzo been veporied as bemg ;mrug-::nix:-.r pir seversl plunt pathogenic erganisms
such as, Macrophoming phazeoling’, Fusarium ocysporm, Foongspor [sp, Deopedic i and F
axysporum £ =p, [ycopersict”. Preudomonas flusveseens CHAU applied for control of Pasesium aisgorun i
sp. hreopersici where they found 50 % inhibition in dual culture mathod" . Fluorescent Pseudomonads have
been exploited to control root diseases caused by fungal pathogens: 1soistes of P. flvorescens, P putide. £,
weruginosa and P, aureofaciens suppress soil-borne pa thogens through rhizesphere competition’, antibiosis”
and iron chelation by production of siderophores " P fluorescers WCS3AS ond P petido PCLIZG0
suppressed tomate foot and root rot i sonewool’™, This lieranre survey supporied that Presdonronas sp
could be efficiently exploited 1o control the phytopathogen, Fusariiat drsgrim,

While, comparing these above results with owr results, which are far better than these resulls, where
Preudomonas isolate 29 inhibited Fusarium oxysporun up 1o 6075 % in vites studies. Buer on Peewdamons
isolate 29 was identified by 168 rRNA sequencing as Preudomcanas of montoilit 9.

To illusiraie the biccontrol mechanism, Prewdvntenay of moereil 9 was tested (07 production of
secondury metabalites such os Volatite metabolites. Non - Volailke iffusible Metnbolites and Siderophore
Prosductiom.

Volatile secondary metabolites such as ammonia ™ and HON" were produced by miny rhizosphere
strains including Psewdomonas strains and have been implicated a¢ importunl metabalites m bivcontol™ . £
fluavescens CHAD an aerebic, root-colonizing biocontro]l bacleritm that protects: severn| planis (rom oot
disenses cansed by soil-bome fungi cspecially by the productson of HON™, HOM prodaction by sirain CHAD
contributes to the suppression of & discase caused by Thiclevigpais bosecola. The productions ol lmmsng by
Enterohacter clagcae strain have conttibuted in the control of Phytopathogen, Prvhioa idtimion aml
Rhizoctonia solani v viro™, Volatile compounds such as ethylene und ammonia gy produced by
thizospheric bacteria exert their offect by mhibiting the germunation of fangal spores’

Literature survey reveals that our results were more promising when compared with the resulis
earlier” reported for control of Phyrophshers capsici, Our results with Presadonionas appeis hetter than the
ahove-mentioned result hecause there was only 2-23 % and 36-70 % infubition recorded where as our result
was 73.23% inhibition for whe tested pathogens. These rtesulis were promusing for biocontpl  of
phytopathogenic fungi of growndnu,

Similatly, the hiocontrol abilities of Preudamenas sp mainly depend on aggressive root colomzntion,
induction of systemic resistance in the plant, and production of antifuugal antibictics™, The produgticn of ene
of mone antibiotics is e mechanism most commonly associated with the sbility of plaa growth-promoting
bacterin Lo act as anlagonshic agents agmins rnh3.-'r-:'||'|:z:h|u1_-ulu-.’F Thi bisis of aniibiosn aenvicy of biosontrol
baszed on, secretion of molacules that kill or reduce the growth of the Tugst pathozan "L Annibiatics encompiss
a heterogenecus group of organie, low-malecular-weight compoaurids that are deleterions tu the prowth o
metabolic dctivities of other microorganisme*’. Antagonistic micro-organisins, Previmom sp produces @
wide range of different antimicrobial and . annfungal secondary diffusible metabolites, sawh as 2,3-
discetvlphloroglucinel (DAPG), pymolnitrin (FRN}, pyoluteorin (PLT), phenazines (PHLs) and cycle
lipepeptides™ and hydrogen cyanide, which is volatile®, These antimicmbial compounds may act on plant
pathogenic fungi by inducing fungistasis, inhibition of spore genmingtion, lysis of fumgel mycohs or by
exerting fungicidal effects.

Pyrrolnitrin, the antibiotic produced by the £ fluorescens BLYLS sirain. can prevenl the darmage of
Ehizoctonia solani during damping-off of cotton plants™. The 2 4-diacerylphloroglucinol {DAPG) produced
by Pscudomonads, an effective and extensively studied antibiatie, causes membrame damips o Ppiudan sp,
and is particularly inhibitory 10 zoospores of this oomycete’', Phenzzine, also prodeced by Psewdomonads,
possesses redox activity and can suppress pathogens of plants such us & apsporna ared Cocreaomanmnneees
graminis™ . The P. chiorovapfis PCL139] strain, isolated from roots ol tomate plonts, syniesizes phenazm-
I-carboxamide, which can release soluble iron from msoluble mic gadey ot peutral pH, iwising the
possibility that phenazines might contribute ta fren mobilization n goi s

DAPG is belicved to be a major determinant o the biclogical control of plant (wenses by
Prevdomonras 5p., such as take-all disease of wheat coused by Goacusigamoatices rumiml Ve (e fligl]
and black root rot disease of tobacco caused by T, baiic el
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Cur results were in accordance to the resulis documented earbier e Prewdfomonas of, otoalelly ¥
preduced non-volotile diffusible antibiotic which inhibited Fuvariun aysperiven, All these results supported
that Fsewdomonas strains produced non — volatile diffusible metaholite which might melude Phanazine-!-
carboxylic acid (PCA), 2 4-dicetylphloroglucino] {2 4-DAPG), Pyoluteorin (PLT), Pyrrolninn (PFENY which
needs to be confirmed further.

Establishment of the imporianee of SJI.'i:TﬂF-h'l'.II'E FIFCIdIJEliHh s i mechnanism L'll-h[I.'Ill"i'_-_[ii.'i.I! sonbml of
Erwinig carotovera by several plani growths promoting Prendemanas fluorescens steains AL, BE L, TL3BI
and BI0™, A Pseudobactin siderophore produced by £ punida B10 strain was also uble 1o suppress & usasion
arysporem in soil deficient in irom, a condition that represses the production of ron cheluior b
microorganisms™. Recent studies have demonsirated the suppression of zail-borne fusigal pathogens through
the release of iron chelating Siderophore by flucrescent Psendomonads, making il univailable to other
organisms” . Siderophore production eonfers compentive pdvantages 1o PGPR that can colonize roots and
exclude other microorganisms from this ecological mche’

These results showed like other siderophore producing Muorescent Prewdemianay ap . Paadonrenas
off moweilii ¥ produced Sid'.‘.l’ﬂ[lh[ll? which ]JE-H.}'HI a vital rolein i'lI![iIg{:lni:iTEI of Fusariwn ox v (R Wi
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MSCUSSION:

Preudomanas sp. has also been reported as heing uanuui‘_«llc 1o sevemal plant poibogenic Orgarssms
such as, Macrophoming phaseoling’’, Fusarium exsparust’, F. onvpowen 1osp hiopersi i and F
axysporion £ osp. Iycopersici™ . Preudomonas feorescens CHAQ applicd [or control of Flsarinm i |
sp. hreapersici where they found 50 % inhibition in dual cuiture method”, Fluorescent Pseudomonads hive
been exploited to control root diseases caused by fungal pathopens: isolutes of P. fworescons, I putida, 1.
aeruginosa und P, pureofaciens suppress soil-bome pathogens theough rhizosphers competition anitibiosis™
and iron chelation by production of siderophores™ . £ fluprescens WS35 and P e PCLETEN
suppressed tomato foot and root tel in stanewoal™. This litersture survey supporied that Prendemonads sp
could be efficiently exploited 1o control the phytopathogen, Flasariem agyspiria.

While, comparing these above results with cur results, which are far better than these resubls, wheee
Prevdomonas (solate 29 inhibited Fusarium exysporian up to 60,75 %, wiro studies later o0 Presdfomones
isolute 29 was identified by 168 tRNA sequencing as Presdomanas of. ouontedlii %,

To illusteate the biocontro] mechanism, Peeadomvnay of masrely: 3 owis ested s prodiction wl
secondury metabolites such as Volatile metabolites, Non - volatile Ditfusible Metabolites and Siderogphons
Producue,

volatile secondary metobolites such as armronin and HONT wers prsduced by many rhigospneie
straing including Preudomonas strains and hove been implicated as imporiunt metaholites in oecantrol . P
flwarescens CHAD an agrebic, root-colonizing biocontrol hacterium that protects severnl planis from oo
diseases caused by soil-bome fungi especially by the production of HCN'™ HCN preaduction by sirain CHAD
contribuies to the suppression of a discase coused by Thivlaviopsis basicaky. The productions of ammon by
Enterobacter clogege strain have contributed in the conirol of Phytopathogen, S wdtirmeem  and
Rhizoctomia sofanf ln viro™. Volatile compounds such as ethylens and ammonin gas produced by
chizospheric bacteria exert their effect by inhibiting the germination of fungal spores

Literature survey reveals that our results were more promising when compared with the resuls
cartier"” reporied for control of Phytopkthora capsicl. Our resulis with Peendamanas appears betier thar e
ahove-mentioned result because there was only 2-23 %% and 36-70 % inhibiton recosded where a5 aue resull
was T333% inhibition for the lested pathogens, These results were promising o brocontenl  of
phytopathogenic fungi of groundnt. =

Similarly, the bioconirol abilitics of Pesdomonas sp. mainly depend um aggressive Tul clomzation,
induction of systemic resistance in the plant, and production of entifingal antibiptics™. The producticn of one
or more antibiotics i3 the mechanism maost commonly ssocinted with the ability of plant growth-promenng
bacteria to act a8 anlagoRISHe agents Qgainst Ph]."lﬂ]:liJI]I'iZ'gl.'I-h”. The s ol antbiesis activity of ocoatol
based on, secretion of molecules that kill or reduce the grow:h of the targat hozen ™ Anhblotics emonmprisd
a heterogencous group of organic, low-molecular-weight compounds that ase deleterous W the growth or
mctubolic activities of other micrnm-gan:ism'"_ Anagonistic micro-organisms, Mreldomonay spo produces &
wide renge of different antimucrobial and antifungal secondary diffusible metabolies. such as 2.4
dincetylphloroglucinel (DAPG), pyrrelsitrin {FPRN], |i11.-|.:-|uu:-:-rm {(PLT), phenmeiwes (PHEs), amd cvelic
lipopeptides™ and hydrogen cyanide, which is volutile ® I hese antimicrobial compeunds may sct on plint
pathogenic fungi by nducing fungistasis, inhibition of spore germunelion, lvsis of fungal myeeln or by
exerting fungicidal effects.

Pyrrolnitrin, the antibiotic produced by the /. fluorescens BL915 strain, can prevent the damage of
Rhizoctonia sofand during darmping-off of cotton plants™, The 1 4-diacetylphloroglucinol {12APG] produced
by Pscudomonads, an effective and extensively studied antibiotic, causes membeane damage 10 Fyinium 5.
and is particularly inhibitory 10 zoospores of this somyeete’ . Phenazine, ulso produced by Pssudumonads,
possesses redox ectivity and van suppress pathogens of plants such a8 F. cesporum Akl Gogamannon e
gmmirzi-r“. The P, chiorovaphis PCL13%1 strain, iselated from roots of tomato plants, synibiesizes phongzi-
Icarboxamide. which can release soluble iron from insoluble ferric oxides i neutral ph raizing the
possibility that phenazines might contribute to iren mabslimtion m sarilg™

DAPG is belicved to be a mojor determinant m the balogicl sontral of plant diseases by
Prevdomonas sp.. sich as take-all disease of wheat causc by GFaenmasnomyees gramind vae et 1GgL)
and black soot rot disease of tobaceo caused by T basicols’
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Table 13 In Figee sereening for Antagonisie '-iE'.'“Ii againsi Fuxarinm o I"'-.r'-'f"m'l-'I

by Dual Culture Technlgue

f:iil.!;'u B lisire

Inhibition of Inhibitien of
Isalates Fuzarinm Isalages Fusarinm
oxysporun (%) oxysprertnt (Yal
Prewd, lsolate | 12,80 Fepud, lsolate 21 2495
Paewd. Isolate 2 430 Peend, Isolate 32 2840
Psend. Isolate 3 11,70 Pseud. lsolate 23 47 K5
Pseud. Isolate 4 | &.00 Preuwd. lselofe 24 | 54,73 |
Preud Isolate 5 21.70 Pseudd Jaolate 25 | 40075 |
Feed. [aolate f e Prewd. Tsolate 26 21,63
Prewd Ianlate 7 2734 Provd, Isolate 27 | 7.75 |
Preud. Isolute 8 3400 Pretd Jsolare 28 35.70)
Paeud, 1solate Y 17,00 f;ﬂﬂr.l'. Tsolate G175
Pseud_Isolute 10 17.00 | Prewd lsolate M) | A4S 1
Prewd, Isolate 11 12.76 Pyeud, lzolate 31 AT 1
Pseud. [solate 12 33,78 Prewd, lsolate 32 [ 3698
Frewd, Tsolate 13 12.78 Prewd, lsolate 33 53.27 R
FPsewd, lsolate 14 19.42 Prewd, |solate 34 | 46003 R
Psewd, lsolate 15 il.80 Prend, [solate 33 41,03
Prend, [solate |6 3487 Piewd, lsolate 56 39.27 _!
Psend, Isolate 17 17.89 Prewd, Bolate 37 | R4
Pseud. [solate 18 40000 Prend, [solate 38 L) |
Peud_lsolate 19 5175 [ Preud isolate 39 3711 |
Psend, Tsolate 20 1098 | Prenid. lsolate 40 13,78 |
Table 2: Characterization of Antagonistic mechanism o Peeudpmonas of, montedlii ¥ spainst Fusarinm
QLFFOFUN ey £
Prendomanas | Yolatile Metabolites | Non - Yaelatile Diftusilile Vetabolie
Isnlate LY NV
Fsendomaonay ik 54
cf. mniteilii ¥ My | I

Table 3: Volatile Metabolite Production by Pregeomonas of, sonfeilii ¥ agalist Pasicram vy

TERrId i

Porceat Diviliiam

Peendomonus Diameter of Control (mm) | Diameter ol Fest |
_Lmh:l:e ||
Pacudamonis. o 85 1 7333
rienteilii 9
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Captions of figures

CONTROL TEST
Fhoto Plate 1 Tnhibition of Fusardwnr oxyspernm by Psewdomorasisalote 29 during sereeniog by dal
culture technlque,

CONTROL

Photo Plate 2: fr Firro production of Volatile metabolite by Peudanioney o L elhieg
Fusarinm o sy oriin

COMTROL

Photo Plate 3: fn Vitro Noo- Velatile Diffusible Metsbolite produeetion by Prendomans . monrsitii 9
nEninst Frsoeiu i cospieg s
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