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Fusarium lltilt diseqse of groundnut is cqnsed by Ftt,sat'iLLm o:iy.tporttm Scltleclttantl. Entt:tttl Stt-vclar &
Hans., which leads to significant yield losses of crop ()orttrol cy''/irngal Ttltvtr.tpathogt'ns bv u.sirr.p ttcttttrall)'

occtu.t'ing antagonistic microorganisms has been tha iitt;Lr,; oJ' Lrrlert,se tt'sL'(Lrch tltt'c,tugltout Iht"'rot'ltl. Tltis

approach is popularly known us hiological control of ltlcrrtl lttrlltttgen.: Biolr,r:it'cr.t crtttlrttl 1s 11 lttct l'u:',:tl. t't'rt-

majorJimgalbiocontrolagentsJotmdinthesoilancltht'ritizosltherco] tcrt;oLr.sttt)f).\.\'.\t't)1,'t 'i1, 1;,r,,/
Pseudoruonas were isolated ft'oru rhizosphere soiL .\'(truplits' c'rtllet:tecl .fi'otn r;ttrir.ttr.s lrertltlt.t yrr.tttrttl tttrl '

technique. One isolqte with proruising antiJungal actiti0, ogaitrsl F. o4,s1161v111n tt,'u,s JLtrthet Lcltrttilied through.

165 rRl'{A sequencing as Pseudontonas cf. ruonteilii 9. PsaLrclotnotrtts i'f. tttonlcilri 9.,lturt'd ltighe.t
antagonism against F. ox.vsporun't my-celia with tlta per(t,nktge ittltibitictn up lo b() 15't';',. 'l'h,' rttttifirngtl
activities o.f Pseudomonas c/. ntonteilii 9 against F. oxlsp,trtnn int,olt'ccl tlrc.sto'cticttt of t,rtlrt/iia. nort - t'altttilL:

di/Jusible bioactive compounds, and siderophore.

K.EYV\'$${.SS: Fusarium Wilt, Groundnut, FttsariLo?l oxysporLrtn, Pseuclttttonas (:f . nrcttteilii \t.

XNTR{}S{JCTION
Groundnut (Arachis hypogaea L.) crop is consiclcrerl as nrost rnrporlnnt crol'l in lhc \Vtrrltl :Lncl is nrost

important source of edible oil. Similarly. grounclnLrl is llllicil r1s l''r rro,rt itr1.ir1111,1 s()ltt'i(' irl'r'crtctlthlt:
proteitr in the world. Groundnut crop is prone to attacl<. br,, ,pn11.., pirlhilglns lurcl t() ir 1l'ntclr latsct r'xtcttt thatt

many other crops. More than 100 pathogens, inclr,rdirrg r iluses. lrave buen leptrrtcil L() a1'l Lcl gr!,tirlrlrtLrt bLlt

only a f-ew are economically in-rportant in India such as Lcai-spots ( l'ikl.a), Earll lcal-:ptt1 l('crt'osltortt
arachidicola), Late leaf-spot (C. Personaluru), Rust (P. uruchitlis), and aflatoxirt cot.rliultittatjon (.l.spergillus

.flavus and A. parasitictrs). The other diseases slrcir as Collar rot (rl. uiger), Fusaliunt rvrlt (Fu.vctt iLrnt

oxysportutt), Stem-rot {5. rolfsii), Root-rot (M. phoseolirrrr). 13rrtl ncctosrs (L()ntato sltottcci rrili iitLrs), ClLrrnp

and peanut (groundnut) mottle disease are locaiizcdr.
Fusarium oxysporLtnt is one of the most coulmon soil lungi irr cr-tltivatuti soil rLll olct. lltr' riotltl It

includes a large diversity of strains, all saprophyic ancl rlrost parasit,.t. ['he *,ilt iLrclucing :trains o1 1i.

oxysporttm cause a serious damage to many econorlicall,v in-rportant aglicultuta) crol)s -lirr,rlttrrr tttlt
pathogens are very host specific. Based on their host plant species and plant cuhivars. thet.e at.e tuore tl-ran 53

fonrrs, 117 formae specials and 29 varietiesa. Fttsat'iunt rvilt is one of'the con-tt-non tiiscrtse ot.gt'ottnrinut,

caused by the fungus Fusarium oxysporum lead to signilicant yicld losses 'l ite pathogctt itrtccts thc roots end

colonizcsthevasculartissue, leadingtowiltingandflnallv.icatli oltlicplanL'.TltcLtlintrgcltcrlli)l l-r;ritiirttt

Sfiri Gl'n,,
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;lt i;;;i;r^-, tlr"rsh.h;."1 r",1-ri,""s"r., by;;d,/ b;;i,la. h"r*,,;;, ;i,;i;r; ii.,,irr,-r.;il;,
environl.nentally undesirable6. So, the use of soil furrisanis has bceri. biurnetl bccause ol'tircir.har-rntul el't'ects

The cost effective, environmental frrendly ncu'ly curergrng straregy o1'rnanaging plani pilrol)ritLioscrl
is the erploitation of biocontrol agents. Bacteria havc. becn explolcJ ils bilrorrrrut ig.i,tt rbr flr,irr.'ti".,,r.rt
and as plant growth promoters and inducers of disease resistiilice". firu rhizr,tr.rcruri.rirlcnrilicd us petcptial
biocontrol strains and plant growth promoting rhizobacteria oftcn belong ro Lhc lbllou,,ing gcrier.r (t) ilulrllu,s
spp.'' 1ii; Pseudomonas spp.T1 and,liiiy streptimyces 5p12.

The use of antagonistic bacteria has been rcpolted as a pou,erfi.r1 stratcgy 10 sulll)rcss soil-borne
pathogens due to their ability to antagonize the pathogen by nrultipic rnoclcs apd tp ei1'cctirt,lv.:ol.nizc the
rhizosphere' The widely recognized mechanisms olbiocontrol actiorr inclLLtie competition ii)r'a1 ecological
niche or substrate, as well as the production of inhibitory cor-npouncls arrtl h;.,cirolyric crrzr.rLiqs tl,aL ar.c .licn
active against a broad spectrllm of fr-rngal pathogens. N4anv microorganisnrs arc knolin to l.rorirrce prr-rlriplc
antibrottcs which can suppress one or more pathogcns r. For instancc. [',ctcillLrs yLtbtilrs proclsces sc,,cjr-al
ribosomal and non-ribosomal peptides that act as antibiotics sr.rcir as iturins, sr-rrfactins and zrvrttermycilrr anrl
it secretes also hydrolytic enzymes, i.e. protease, glr.icanaser5, chitinasclo. liparc'' ancl apr\las.'t. l, rnany
instances. Pseudomon,as .1q. and Bacilltts sp. havc- bccn ,rppliecl as l-ioc,,ntr.rl lgerrts Ll ;r.rpirre:s plant-
pathogenrc organismsle. Bctcil.lu.t rp. are gaining recoqnitic,n as salc biocorrrol .g.nt, in a rar.ictt,ol cr.ops.
specificaliy as seed protectants and antifungal agerrt,rlr \lorc()\'er. iltct ar .. ,p,r''. lbrpr,:r:,. ,r,lr,clr i,riri,.i a
natural lbrntulation advantagc ovcr othcr llicruorgrrn Ls, :

Tlie present work aimed to search lbr el-iectrie arrragorristic r"hizoir:rcLeiia lor eontroilirg l,Lt.srri.rtlrt
ox)'sporunt, the causative agent of Fusarium wilt disease ol grouLrclnut. I(ccping iu vier.i,. 1lt,: irrrpor.tance of
rhizospheric bacteria in sustainable agricultural developmeLrt by controilurg thc pirytopatlree.en. thc prese,t
study aims at (i) Isolation of rhizospheric bacteria fl'om clillerenr rhizosphe,,.l ,nr',,1.., 1r) Scre,,iii;g c,f
rhizospheric isolates isolated fiorn rhizospheric soil fbr in r'itro antligonisr.n againsr /:'rr,,ot.irrn; o1t'.sttttt.ttttt(iii)
To identily the rhizospheric isolate based on 16SrR\A \ccjuonci,tg and in)C'hirractcr izrr:iop c,l itt t.itr.g
biocontrol mechanism of Rhizospheric isolates.

MA'E}TRIAT,S ANN ]\,{{IT}{ $}}S
l;usril ;a.lnl Wilt Phytopathilgrln :

The Fusarium oxysporunt, causing Fusarium r'ii1L in grounduut, \vas procLrrecl il'oirr tlrc,:ariicr lyorli
carried at Department of Microbiology, s. G. B. Maha'icl-valuya, Pr-rrna.

Rhizospheric soil fionl healthy groundnut planls r,rrrs collectccl rn pLrl-v-ct)'rvlenc irrLgs anil r:r'ouirhl tc)
the reseat'ch laboratory. 1 gm of soil sarnple w'as inoculltccl into i00 rrrl ntrttront ltlolh arrcl l(t,1..1 1i,1.i1crrbu1irtn
at roorn ternperature for 24 h.

For isolation of Psettdontono:; sp., lml of this rrLrLrrent Irrotlr was lrrLrrsfi.rLccl Irr suleu,ri! urr,ruhr]rulrL
media such as Cetrimide broth and kept for incubation ilt r'or,ni tenrpilirrLrre 1,rr 1.1 h Frsrrr crrlclrud ( eLrirtride
broth, a loopful of culture was streaked on Cetrirniclc rgar"r l. lind tlrc lrlulcs u,el'c incLrbllicl 11 rrrorn
temperatlue till colonies were observed (21 - 48 h). The isolated colgnies rleveirtped lycre litrrrr prrr.ilictl o,
nutrient agar slants and used fbt'screening purpose against tlre plty,toltathoqer lor biocortrol lbilir_r

Screenimg lbr Potential Ei*aontrol ageuts:
All the isolates of Pseudomonqs sp. were screenecl lirr potcntial antalonistic activitv agairrst l-'Lr.ttrr.itrtrr

oxysporirtm on King's B agar plate22 tlrough dual cr-illLrrc lcchniquelr. A -j-nrm clisc u,,us cr-r1 lionr an act.rvcll,
growing FusQrium oxysporitnt culture on Nutrient agar platc anil placecl Lrn rlre strlface oi'tiesr I,.ipq's B ,,r,u-
mediumattheonesideofthePetri plates.Aloopfil ofactivelygrori,rng P.scrttlontottcr.rsp.(errchrruusplr,ceci
opposite to the fungal disc. fhe control plates were prcpared bv inocrrlartrru King's I.l auar'ltilLe orrly u,ith
phytopathogen. Each experiment was caried out in triplicatcs. Plates r.r.,elo ircirbuLccl a1 roonr tcn:l.rclrrLurc itir'
7 days. Degree of antagonism was determined by rncasrrling thc radial gr',rlvth of pirLhol:rr rrrtlr Lrrrcr:r'irrl
culture and control. Percent inhibition was calculated bv the lirllou,irp eq,rlti,rnrl.

'u&dvilnilr):i in Fisheries "
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Percent Inhibition : Diameter of control - Diametel of J e st r Dianreter ol Control

Where,
Control - Colony diameter of Pathogen alotre itl mm

Test: Colony diameter Pathogen+Antagollrst in tltlu

{ti*xti{i,rr:*:li*y} of A$t;t g$nis*ir: Fsl'wuJ{ld?issr}.q'Ep" :

An effective antagonistic Psettdontonqs sp. obtairicti thr,rtrglt se reenit'tg lgairlst I'tt\Lit'tttttt 1.t.1'\l)(tt Ltt)t.

was identified with the hilp of l6s rRNA sequencins conurclcialll,' carric,l at Agharl<ar l{t'search lnstitLrle

(ARI) Pune, Maharashtra.

C h ax";et"l*r$zation * l' Al: {.ilgt* n [s tie h'{ech att is rn :

To characterize the antagonistic mechanism shol,,'u against I.-nsctrt.urtL oxy.tpot"Ltnt dLrring scl'cerling. the

efficient pseuclomonassp.weretestedtoproduceVolatilcnretabLrlitcr\on- r.'ollrtil.rdrll'Lrsrblt ll.lt'l.rbLllilrllrn(l

Siderophore.

€)etee${q}H of Volatile S4etatrqrlites proeluctiom;
The volatile antifungal metabolites production by the irutagonistic bactcrla lrlts cielccte.i b}'Lrsing

method where two half platei (sterile) was used". The tr,r,o lrlates wele pouled r'r'ith stenle nrolten and cotllecl

Kings B Agar and allowed to solidify. Now the Pseuclontottas curlture \vxs spot irloculatecl olr orrc .rf the half

ptate in centre and on the other half of the plate, a disc ol 1br-u'-t1ay oki lturc oul[Luc o1 l'rr,ti Lilt]t \)\\'\p'|)t ttttt

was placed. Both half plates were placed fice to face prcvcnting atty ph; sie al contacl betu etl.t thc prthogen

and the bacterial cultu;e.The two plates were sealecl togctirel riith stickr tirpe to tlitrimize loss 'rl VoltiLilcs

produced. Control plates were prepared in a similar rnanncr brrt thc l)ottolr plrtle cotitairrccl Kiru's B rtgar'

without a bacterial culture. The plates were incubatd(l ar io.)rlt lelni)uL'iLtiii.c fLt i, clrrr'. litlti ilt,,'s: o'*Llt t., i iltc
pathogen was measurecl ancl corrparecl to control plrtc; clr r'clr,|r.li1 in llle l,bs:ri-': .r ' tlri illlil!Ii'ilrs1'

h*p..]ment was run in tripficate. Results expressed in tcrn-rs olilhibrtiorl (%,) of I'itngal,r't'ou'tll lrl rlre ])rese Ilcc

and absence of bacterial iiolate and percent inhibition r'',,as clrluulLtcd by r'rsing tirttrttla-''.

percent Inhibition - 
(co,trol - 'l'estl 

100
Cott trol

Where,
C - Radial grorvth of fungus in control plates (nur).
T - Radial growth of fungus on the plate inoculated rvith Antagonist (mrn)

$eteeti*n cf Non - Volatile }}itfixsible Ptretabolite:
To checkNon-volatile diffusible metabolite proclLrctiou rvirh slight nroclification jnsLca.l ol'l'D,t\ plates

King,s B plates were usecl'6. The plates covet'ecl lvith a ccllLtlose njtnrtc nrerr-bllLtrc, tveri: tliocLtirrterl in tlle

center r,vith psettdomonar rurpanrion. After incubation lbr 4ij h at roou-r relrl)eriitLl|rr.'.llc lt-tcttllrtlitte Ii't1il

grown bacterial culture was rcmovecl, and the plate uiLS irl,,cLlLlrlcd ir lh; r'ttLci (Lrt[",t l]lt I'a;".. t';11i ri -'

nrm disk of Fuscg.ittm oxysportun ancl plates r,,,ere re-incubatecl aL ro()nr lclnllel'atrrl'e lbl T daYs ancl tl'rc grtlri'th

of the pathogen was measured. Control were run wjth un-inocrrlarecl l(ing's B plates colttairlirlg Pllttes orl the

cellulose pitrate membrane (replacing the bacterial si-ispcnston b1 steL'ile clistrlled \'\'atcl.)" and l'tLrthel incubaLccl

with pathog en Ftrsaritnr orl,rporur*. Experiment rir, r,,,, iLr tr ipliclLtes licsLt]ts \\ L'l e e{l)ii:rse(l I-r {'1'

inhibition of fungal pathogens in the presence and absencc ol-aurtagorlstic blctcrial istllatcl'

;\n*iy'sis *{ Sider*p}e$r* P$$dNr:li$n:
'fhe pseudomonas sp. inoculum was preparecl in King's Il rnetlitrll'l ltnd incLrbatctl llt lS ( oll rotlllv

Snccuratc mcdiutn2''. 0. i rll oI iuocLt]Lttll r't'tls

Slrccinate rttetliLrnl lilrtl itlculraLctl otr lotlit'\'

shaking incubator (120 rym) for 18-20 h.

Srderophore production was caried out uslng rllocliiicd

separately inoculated in 250 m1 Erlenmeyer flask cotitairrins.

"Aeiv*ne*s il'l if,heries , Ei*i*gic*{ and Ailied Re$earrh"
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shaker incubator for 48 h at 28'C. After incubation, sqrernrrtanr was halvesred by
10,000 I'pnt in cooling centrifuge al 4"C for l0 min.

Siden*p h*re Detection :

centri1r-rgiru the cr-rllrLlc at

Siderophore production was detected using Unir,'er:al Chrome Azurol S.,\ssav (( r\Srr' llere eclual
volume of supernatant and CAS reagent was mixed iu a clean lcst tlbe apd obsclecl 1b; coltr; cl'i1r.rrlc 1s
compare to reference.

trXP{ii{ Tft{ENTAL RE S TJ I-I&'$J :

Isolafi*m *t Pseudomorrdrs sp. from R.hizospheric scitr:
In present work, 40 rhizospheric Pseudomoncts

soil and were tentatively named as Pseuclontorzas isolatc
sp. lvas isolareci 1r'orn healthy glorurtlr,ul lhizospltcric
I tct P.seuclc,,rtir.llrr.r isolale 40 to ur.rtiri ,:onlusion.

Scrt*eri*g for Poter:tial Eiocq;ntrol iigents:
Al1 the Psetrdomonas isolates displayed sor.ne antagonistic activity rrgainst l:t,s.11r.itrn, rrr,.i7,1r11a, [1,

dual culture technique. In our studies all isolates of PsetLtlonro,ruas inhibjtecl grorvth of l- o.r-t.i7,,,.rt.Lttt lt) varioLrs
extents. A maximum inhibition percent of 60.15 was urcasurecl for P.tetrclon.tontls isolatc 2() anrl rnutinrgpr
inhibition percent of 10.98 was found for isolate 20 ('i'able I anrl Plroro Piarc i) ancl this isr,lirle rlas Lrsetl lirr
further study.

3q*E:x titl.:;* ri** of ef *Icirxlt xvl ix gr;liis li *: flsedr$lrpnrrri.i l \ t,
The most etficient antagonistic Pseudonrc_tn,i.r i:,rltitc.l,) slrotrerl cl.,,ing scrcL-rriltg.rr:lri..t i:'.t(.ii.ttitl

oxyspot'Lut1 by dual culture technique was identified b; 1r,! rllN.A suclucncirg as pst,uclorttc.titti,, r l. rrtonlt:rlii 9
with accession number AF181576 of GenBank

Charilct.erizatiom of r{ ntag+* ist ie ht{echa:lisryl :

The bacterial agents exert a protective effccl on pllLrrt throLrgh irntalonisrn rouatrls lrh)t,rplLrltogrrric
fungi. Tr,vo major mechanisms have been proposed to erlrlain lhc sup,pressive ancl rntuqunisrjt,el'licJs oi'
Pseudomonads i.e. either the phytopathogen is inhibited b1'cron-rperition lor ilon, lLs availabiljr-r oi r:c iir strii
is low (10-r8 M) nor secondly Pseictominas inhibit the parhoglns by prochrcing secoudary rrctalrolitcs \\.rrh
antagonistic activity e.g. Phenazine, Pyrrolnitrin,2,4-diacetl,lphloroghrcinol ancl cyaniclcs.

Though, the disease suppression is multifunctional uttnbLrtes, helce lbl uuclclstlndirrg thc r1ccha6issr
of action shown by the Pseudomonas isolate under stlld)', r, lliety ol expcliurcnts wcrc iarrircr i.)Lli ririluru riri5
research work. To elucidate the antagonistic mechanisn" PscLLclotnonu.\ cf. tnorrleilii 9,,r,crc tcsteil ibr
production of Volatile nretabolite. Non- Volatile diftirsible antjbiotic enrl Siclcroplrore . f'r'orn Llre rcsrrlts. i1 r.r,1s

evident lhat Pseudomonas c/. ntonteilii 9 produccd variely ol seconcluly rnctabolrles nanrely n\)ll-volirtrlc
diffusible antibiotic, volatile metabolites and Siderophore (1'able 2).

[]efe*:I.i<;;l {}f Volatile &{r:l.a bl;ii{<is gu"oxl l*c{ i*rrr :

The volatile antifungal ntetabolites producti()u l-.1 trrc urllrg()ni.rtir l,ircleti:l \va, dcli ctcri rrti..t. 6 tlrL_rs
incubatron Pseudomonas cf. ntonteilli 9 produced volatilc uretalrolites to inlriLriL l.Lr;(trtitnt c,Lr r/,r,i.,rrri. -r.l .l.l
% (Phoro Plate 2 and Table 3).

$etecti*n of Ncn - Volatile I-!iffusible Metabolite:
To elucidate Non-Volatile Diffusible Metabolite prochLction results wcre rec!)r'detl rrllcr' 7 ila_vs o1-

incubation where PsettdonTonas c.f. monteilii 9 secrctc ncin,volrLtile tliitrrsil,le nrctrbolitcs rLr .l i-rL,:,::: lr)i)(,,,r
inhibition of Fusarium oxysporutn on King's B mediunt (phrito Irlate l).

$ideriiS.rfu *re Setecti*m ;

Siderophore production rvas detected using Univclsril Chlomc Azrrrol S Assay 1C;\S)r'. P,tLtilitnLL.tutt.:
cf. monteilii 9 gave instant color change of CAS reagent lrom blue to classical golclcn orangc ri,hcrr tcstcd
qualitatively by Universal CAS assay (Photo Plate 4).

"Advaffi*es in Fisheries , pi*:ft:r
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DISCU$SION:
Pseudomona.r sp. has also been reported as bein!. antagontsLic to scvct.al plant patir()t crlrr t.)l!1Jlll\llrr

such as, Macrophomi,r, piutnotirtast, Fusuriutn .t.)'sl't,tr',,,,,t. F. ().\'ytp()t'Ltttt i'. sp. A . rt1;er":it irrr antl 1-'

oxysporum f . sp. lycopersici'n. PseucJornonas Jlttorestctts ('FIAU .rppliocl lor corrtlol ol l:Lrsttt itlr, tt.\r,:.\1.)ot t'Lttt l.

spl. iyco]rersir-.i-where they found 50 % inhibition in clr-ral cultlLre r.nethor133. Fluoresccnt Pscttdotntrnacls have

been exploited to control root diseases caused by fungal pathogens:.isolates o.f P..lltrc'rescr:rt's',.P pLrticltr' l'j

aeruginosaand p. aureofaciens suppress soil-boine prlhog.n, tiu'or-Lgh rhizospirerc corr{retirri'tl:i'. iLntilliosis-''i

andlron chelation by production^of siderophoresl'. P. 7luu,'escen.s WCS365 anci P ptrticlcr P('t1760

suppressed tomato foot and root rot in stonewoolr'. This iite|atr-rrc slir\ey sLrpporlccl thal P'\eu(lotr,oi?/r.r sp

could be cfficiently exploited to control the phytopathogen, l'-ttsaritLnt o-Yy'\pot'Lttt1.

While, ao1,-rpu.irg these above.esults with our lesLrlts, rvitich arc tlrr beLtcr tllan Lhcso rcsttlts. u'llete

pseuclontonas isolate 29 inhibited FusariLrm oxysporLttlt up to 60.75 or',, r''' virt',t studics letc-r oil Ps,'rrrlitnrtttrtt's

isolate 29 was identified by 16S rRNA sequencing as Psetrcl,nnttttas t'f rt'trtnt.'ilii i').

To illustrate the brocontrol mechanism, P.;cLrt/t.tltt nus r'1. ittrtiti'Jilti 9 
"i'lts 

[':teti liri. pioJ.irtit"t t'i
secondary rr-retabolites such as Volatile ms1nbsli1e5. \un \u'ol.itilc l)itlLrs blc \'ietlil^,rrliles rllrl S'itlc':ol rilIt ir

Productiot-t.
Volatile secondary metabolites such as amn'rc,l'riu't') anci H(-\'' irer.: protlLtccd br trlrrn-v |irizosPitt-re

strains including pseucJonltonas. strains and have been inrplioatecL as irrportrrrrt rttelaboliles irl biocotittol'1 
r' l"

fluorescens cieo an aerobic, root_colonizing biocontrol 'oactcriurrl thirt. l)rotedls scr,cftrl ltlarrt,r lron'r r'o()t

dir.ur.* causedby soil-bome fungi especiallyby the prociuetion oll-lCNr0. [{CN plrrtlLLction lrV slrairr C]1,'\l)

contributes to the suppression of a disease caused b1,Thiclttviopsi.:. ltct.srcitlti l'hc procltretl\,lls ()l .LLr)lrll )nl.r [r\

Enterobacter cloacae strain have contributed in the control of PIrr to|11fi1ro311. i'.'"tlriirt't rillitrtttttt 'tnrl

Rhizoctonia solqni in vitro3". Volatrle compounds srLclr as cthl luLrr rLutl .rrrttrt,,rrir glts i)r!)(ltLccd bV

rhizospheric bacteria exert their effect by inhibiting the gelnrination ,,t liLrrgrI spures-

Literature survey reveals that our results \yere more protrisiltg rvhen corllparcrl ryitll thc resirlts

eartieltieported for cor-,trol of Phytophthora caps:ici. Our lestrlts riith /'.rc'irr/orttonLt.\ llll|"irr'' bcLl'lt thar' thc

above-mentioned result because there was only 2-23 '% and 36-70 9,1 iniiibiLion recordcd u'ircrc rls otlL t'csult

was 13.23% inhibition for the tested pathogens. J'itcse i'esults \\ ere pr urlrrsirrS lirr biocottlrol oi

phytopathogenic fungi of groundnut' 
o"..,,t,.,,.,,,.,t,(,1 .r,rir. \'r r.oL)r e.lt,rrizari.r.Similarly, the biocontrol abtlities of Psetrtl,iltr,///r1\ sr) tlllritrlv clc|eil,1 ol1 aggrcssi

induction of sysiemic resistance in the plant. and plocluctit-rn'oi'r.intilitLipal arrtrbic,ticttt 
-l 

1',. i)lotlL,t'llt'li cl \rllc

or more ar-rfibiotics is the mecha,isr.n most commolll,assolialeil u,ith tlrc libilitv itl plant uror,r'1ll-pttrmotit-tti

bacterla l0 act aS antagonistic agcnts agairrst phyopatlio:]e,,s.,.. l'I-,. l,lrS : ,,1. ltilLilli. sr. .Lrli, i,v ..] L.i',.lt,tlit.t,L

based on. secretion olmolecules that kill or reduce thc gtr)\,\ ilr ol lirc 1u g,'t 1 :rtlto,Iett "' \t:lrlti,rtit l -'rl'.ri)rlrl)'r:ri

a heter.ogeneous group of organic, 1ow-molecular-ivcighr (olll )oLurds llrat lrlc .lclcLcrior-rs tt, tll.' lll orr,th rir

metabolic activities oi other iricroorganismsa'. Antagonistic r.nicro-orgarrisrt.ts, l',r'clrrli/ttt()tL\tr sp lltoduees lt

wide range of different antimicrobial and antifringai secolclatl'di lirsible mcta'irolil.rs sti':h rrs l'-1-

diacetylphloroglucinol (DAPG), pyrrolnitrin (PRN), py'oluteorin (PLl'), phcrrazitte. (l'll71st. a[ti cyelie

fip"p"r*a.r-t"and hyilrog"n.yonid., which is volatilere. 
-l hese antirnicrobral cot.ttPoLrtrtl: r11-lV il'.'t tlt't Iirtttt

puttog.ni. fungi by indircing fungistasis, inhibitron ol spore getrrlillafiorr. lvsis ,ri iittl,I,rl tllr':ciirt trr bY

exerling fungicidal effects."lynilnitrin, 
the antibiotic produced by the P..flttotest:arr.l BL9 15 strain, carl l)r'even1 thc diinlase of

Rltizoctottia solali during damping-off of cotton p1ant.s5". 'i'he 2,4-cliacerylPhlot'ogltrcinol 1l) \ir( r i pro(iLICed

by pscr.rilomonads, an efiective and extensively studied .rnribroLiu, !:aLiscs ntentbratte tl;irtlagc to 1)r//rlltrrr sp

and is particularly inhibitory to zoospores of itris t-rorule c'tc:r. Phenazine, llso ProtllLced bV Psctrtloulonatls,

porrarra, redox activity und aun suppress pathogens ol plants such lts 1r. o-t7'5:1'111v11rit ritltl (;ttettttttttttt()tt1\'(('t

iranriristr.The p. chliroraplis pCLi391 strain, isolatccl ll ,rm r.oots t.,1't()mirto pilnL:. \\lliilt5izl:' Iltcrlazirlc-

1-carboxan-ride, which can release soluble iron fl-onr insolurblc 1'er'ric o"icies iIt Il.titi':rl 1'[]. Llrlii'tr'l ilrt

possibility that phenazines might contribute to iron mobili;rn iotr rt.t st,ilsIt

DApG is belicved L U. , major detcrntinarrt n tlrc l',i,rLctic'rl i.trttrrl r'f 1-rlrrll ' is"l'se'; b!
pseuclottt,t,al, sp., such as take-all tlisease ol wheat car.rscrl b.t' ottttrirtt.tntlt in\ci'.\ qrt.,rrtirtr't titt ri irtt't ((rgi )

and blaci< root rot disease of tobacco caused by T' bcr'sit'ol'L:'
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produced non-volatile diffusible antibiotic which inhibited, Fusariutn o,r:'sprtriu,r. .\ll rhese r.estrlrs supportecl
that Pseudomonas'strains produced non - volatile cliffLrsihte metabolite u,hicit might inclLrcie I,he,azine-l-
carboxylic acid (PCA), 2,4-diacetylphioroglucinol (2,4-DAI'G), Pyolurtcorin (PLT), l;yrrollrrr.rp (i)l{N) which
needs to be confirmed fufther.

Establishment of the importance of siderophore production as a urcchairisr.r'i ol bjolor_licll conh.ol ol
Erwinia carotovorq by several plant growths promoting P.seuclontonu.sJl.trcresccns streins.\1, lit.. l. fLjtsl
andBl0sa.APseudobactinsicleiophorrcp.oducedbyP.*ltutrctaBl0strriinwasalsc'rabic-rosLrppress l.'Lr.tutirnr
oxysporum in soil deficient in iron, a condition that replcsses thc Production ol rrlon cirelator bv
microorganismss4' Recent studies have demonstrated the sl,ppi-e,ssion of soil-borne lr.rn-qal prrhog-cns ti1.or-ruii
the release of iron chelating Siderophore by fluoresct nt I)serrclorronlicls. ntal.ling it r-tnavrrilabl,: to other.
organistns5t. Siderophore protluction confers competl{.tYe lclvanta-gcs to P(jli1l tltat can cr)li)lrzc roi)tS irn(l
exclude other microorganisms from this ecologrcal nichc r''.

These results showed like other siderophore proclriiing ilu,rlcscci.rt P:errtlotrtotttl.\ i;p. i,\i ritfi,rttrtrtu.;
cJ. monteilii 9 produced Siderophore which played a vilal role in antagonisrn ttf' FiL.soriLrin ox\:e!)onLtnr rrt vitrct
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Dts{.'r.JS5loN:
pseuclomonas sp. has also been reported as beinu, antagonistic to scve|arl plant patltrrlrellli olllanl)llr-s

such as, Macrophontina phaseolina3', Fusat'ium o.r1'sptt, ,.,,rr'. F. o\)'\p()tLLttt t. sp lr r rrTrcr"srr i '' [rd 1'

sp. lycopersici where they found 50 % inhibition in dr-ral culture tr-rethotlr3. Fluorescent Psertdotlttrnacls have

been exploited to control root diseases caused by lungal pathogens:"tso.latcs o.f P' 1lrrotes.t.:."t,,1' l:',,t,i:|" ,l:,
aeruginisaandp. aureofaciens suppress soil-borne pathogcns tlrrough rliizospherc colllpctllt('ll . 'llttllrlrt:1s

and iron chelation by production 
^of 

siderophoresi- P. 71t,,,,'c.\cens WCS36-5 antl /) lttrliclt't P('I' 1750

suppressed tomato foot ana root rot in stonewooltt. [his Iite|rir-rrc sLrr\c,v sr-tpportccl Ll1l\l P\eu(l()t]toltu'\'sp'

.ortO tr. efhciently exploited to control the phytopathogetr, l:usuritttt't oxy'tpot um

While, comparing these above .erritr"wiih oui lcsL,lts, rvhich are lirr betlcr tllan tllcsl t.esL-Llts. u'llcte

pseudontonas isolate 29 inhibited Fusarium oxysporLrt Lrp ro 60.75 oti, ir'' vitt'ct strrdie-s lltct.ol.t I's''trtlttntrtirur

isolate 2g was identifiedby 16S rRNA sequencing as Psetrcltnnlttas cf . tnt.ttttt'iliit).

To illustrate the biocontrol mechanism,*PsaL.rt/clir(.tt(t.\ Lf. tltttttirili" L) ',ur.1-s tr':'lcLi itlI protlLr;li'rt t'i

seconclary metabolites such as Volatile metabolites. \on - \'ol-rtilc Drll'us,blc )r4ctlrL-'rriilcs:rllrl !iitlt'totrlirrl rl

Production.
\iolatile secondary n-retabolitcs such as anllii,Lrilr'"'ancl HCI\" ',r'e,.llrotltrced LlY ttlrrtlV l'ltizoslrltcrc

str.ains including pseudonltoncts strains and have been rr-nplrcateci as irrporlrrti nteLaboiites itt bt.'rrllLrol I /'

fluore.scerts Ci,qO an aerobic, root-colonizing biocontxrl bactcriurn t11ll. I)roteL:1s se\'(-rlli p ittlt-' {lotn tot't

diseases caused by soil-borne fungi especially-by thc procluction ol HClNr0. IlCt'\ p|ocltrctiorr l^' strain CILAo

contributes to the suppression of i drsease aurtaa b,v 
t['hialuvrop.si.s bti.sLt,'rlt.i 1'l"tc piticltretitrtiS ol lilt]ltLonta bi'

Enterobacter cloacae strain have contributed in tite i:O[tro] ol Ph'.to1,athogetl. i",'tltitLIt rillirrilirtt I'l.t'i

Rhizoctonia solani in vitros') . Volatile compour-rds srLch as etlrylune ;.LLrel .rlutllt'ltilt gl.l: pr!)tlLlceli bv

rhrzospheric bacteria exefi their eftect by inhibiting the gelnrination,,1 fLrrrgni sporcs--

Literature survey reveals that our results were more prorrising rvhen corrlparcd tvith thc resLtlts

earliera3;;;;;; f* control of ptrytophthora capsit'i. our lesr-r1ts u'irh -1'seirrlotltot't(tt lillf --rir: bcll"t thaii thc

above-mentionedresultbecausetherewas only2-23 gzi,and 3{;-10%iniiibiLionrccortlctl$'hCrcltsottrrcsult

was :3.23% inhibition for the tested pathogens. J'hcse result.i \\ err- pluttrrsitrr lirr Iliocorrtrol (ti'

phytopathogenic fungi of groundnut' 
o-.,.,),,,,.,,,.,,.... ,,.,,ir \,. r(,or c.lr,rrizairon.Sirriilarly. the bioiorrtrol rbilitics ol Pserrd,,rttl/i(r, ) ) trt.titilr Ji1 ctt lt'tt 'l!'.",.. ,

induction of systemic resistance in the plant. and proclLrctioriolrntilirrL-lrrl rr Lil.it,tics" I itr 1)1.)tiLiilirrli cl i)IIi

or more antibiotics is the mechanisr.n most commonly, associalecl u ith tlie ribilitv ol' Planl !'r'i )\\ tll Il()lll(rlilrg
bacterra lo act as antagonistic agcllts agai[st phytopatlr..r;:e,,s-'t. llr. .riiSi: i.. rttlLibtt st' rrutr' i v ' I ['i'r'titll|t'L

based on, secretion of molecLrles that kill or reduce thc grrrr'r'llL oI tirc trirg.:t l Ltiro:lerl "' \tlLrL'i"l;t l 'rl'ri)llli)ii:'i

aheterogeneousgroupoforganic,low-molecular-rveighrt:Olli]]oLl]ldStlratat.c.leletcrttlust()thJg]-()\\tll()r
metabolic activities oi other i-iicroorganisms4?. Autagonistr0 nrict'o-olgarlisrt.ts, ./).r'etrrli,Dt()tttt'\ sp l)rri'lucd5 ll

wide ra'ge of different antimicrobial and antifr-rngal secorclat.v ili Lfr-rsibte mctlbolitcs str'.]ll rrs l''l-

diacetylphloroglucinol (DAPG), pyrrohiitrrn (PRN), pvoluteorin 11'l-'i'), pheirazittc' (l'Il'1st' rtttti clciie

lil;.'d;;;;--lri rrva."gen cyanide, rvhich is volatilelt -lhesc anLirniclobral coi"t'tP.Lt.tl: ttrrl' :rit trt't Plrtttt

patliogcnic fungi by rndr-rcing fungistasis, inhibition of slrorc get.ttlinatior:. lv.is 'ri liLtl;:'r I ttlr '':ciil t'r b)'

exeft ing fungicidal effects.
pyrrolnitrin, the antibiotic produced by the P..fhrorescc,rij IlLgl5 strain, cerl preverll thc diilrraee ol

Rhizor:tonia solani during damprng-off of cotton plantst''. i'he 2,,+-diacerryll)hloroglLtcirlol (l).\l)(') llr.otitrcecl

by pse*domonads, an efiective and extensively studrctl .tnLibioLie . caLlscs nietnbrano tlatltlrgc ttl 1)"'/lrrrtai s;l'

and is particularly inhibitory to zoospores of inis o,-,r.D1 ectcir. l'lrenazine, also prodr-tcecl b-t' PseLrclotlronatls,

possesses redox activity urd aun suppress pathogens ol pllnts sr-rch us li'. o-ry.sportrrtt rltltl (;ticLttitLtttttottl\'( L'i

grrr.,irirt,. ifr.,p. chlororaphis PCL1391 strain,lsolatccl il''rnr toots t1'L()llliito pilint:. i,) Ilih':iz': lrllirlazttlc-

l-carboxamide, which can release soluble iron fror-n insolLible lerr ic o.icics at tti.r-itt.rl trll tli'ir-t! ii'r:

possibility that phenazines might contribute to iron Inobili;rariotr ru st'ilsrt

DApG is believcd f,, U. , major deternrirtlLnt n L]rc bi,ilo,tic.rl JL't:lt'l .'f' 1:lrrll ' S"l'SC:i 
,br'

pseuclrnto,as sp., such as take-all disease of whcat caustti by (iut'trtntt'l/?r 'riICL'.\ gIt'trtittis 1'// //'i11(i (ri!'l )

ancl black root rot disease oltobacco caused by T' bcr'sicoltr'"

n'&dv*i'tc
41

f-O-r pplhlnlpat



Review of Research \iolumc - I ] trssur-' - I I hlarch - 2011)

17. Detry J, Rosenbaum T, Ltitz S, Hahn D, Jaeger I{E. N'liillcr Ni &
enantiopure cyclohexane-tralls- t .2-diol using extracel lu lar Ilpases

. Eggcrt T, Riocatull'Li. plotllcti,ln ol
|rom IJtrcrIItr: .:trIttiIi''. 1p1t1 ."'i tL t,tltit.tI

B iotech nol, 7 2 (2006)1 101 .

lg. Konsoula Z & Liakopoulou-Kyriakides M, Thermoslable u-aurvLisc plociuctiott bv LitttillLr.:' .\Lthtilit

entrapped in calcium alginate gel capsules. Enzyntt' lt4ic'rob 'l'ec:httol. 39: t2006)690.

t9. Aklrtai MS, Shakeel U & Siddi quiZA, Biocontrol o[]rusr|iun}iiih b\ l]a,ilLus lttttrtilrt.:,1'srLr,lrtntLtrttt.t

crlcctligenes, and Rhizobiunl sp. onlentll. Turhish .l Birtl, 3(2() I 0) I

20. Sahab, purkayastha GD. Ghosh A, Isha M. & Sll'rrr r\, IsolrLior; an,l Ciritmctut'i;lrlicrr ol Tiitr Nerv

Bacillus Subtilis Strains fl-om the Rhizospherc olEggpllint as Polcntiiil Iiioe()11tl'ol /\ge tits. 'l i'tttt]i l)tttlrrti,

94 (2012)109.
21. Br.own VI & Lowbury JL, Use of an irnprovecl CeLrirrride ilgil| nrerlirri)r ancl rrLlret'ctriltirc rlre tirt.,cis 1c,r'

P s e rLclomonas aeru gin o s a. J C lin P atho l, 1 8( I 96 5)75 2.

22. RanLX, Xiang MI, Van Loon LC & Bakker PAHN,I, Siclerr,tphore-tnetliatecl supltt't'ssitttt ct/ Orcv !4tttll
irt Ettccrlyptus urophylla by Fluorescent Pseudomolrr1.! spp, 6th InLerrlaLional PCPI{ Worl.shop. ClrlcLrttri,

India 5-10 October, 2003.
23. Abdulkareem M, Aboud HM, Saood HM & Shibl,"- \'11(. Antagitnistrc trctivrly oi- soLl]e pilinl groi\'th

rhizobacteria to FtLsarium graminecrrunt. Int J Phl,topalltol, jl2Al4)19.

24. I{iLrngu GM, Muthomi JW, Narla RD, Wagacha JNrl & Gathunrbi .lK. NlanagentenL 0l'F',tLsrr|irrtti hcacl

blight of wheat and deoxynivalenol accumulation usirrg antagonistrc rl.ticl.oorganisrtts. PlcLttt l'dhttl .1.

7(2008) I 3.

25. Dennis C and Webster J, Antagonistic properties o1'specics groLiil-\ ot' Trit'hotiarnttt . l'r trn: Lii'ir A'It'r:rtl

Soci,57(197 1)363.

26. Montealegro JR, Reyes R, pcrez R, Herrcra LN1. Silra P & Bcst,liin X. Selcclron of'hiolrtttrtgtllistic

bacter.iatobetisedinbrological control of RhiL.tr'ttntLt.:.)litLttjll"trtttlr :tt. I ili,tit'tlttitt! oi-(]|\)1lj
27. NIcy.er JM & Abclallah MA, The fluorescent pigir:rtt ol- .''.ir Lt,ioti'oiiLt; .,/lltrr,','r, iir h.Lr:r'iilll:'is,

purilrcation and physico-chernical properties. -l (]e n i\,lit ntbiol, 1011197E) j 19

2g.'schwyn g A Neltands JB, Univeisal Chemical Assay for detection ancl ileterutirtrlion o1'Sidcrophores.

Anol Biocheru, 160(1981)47 .

29. Asha BB, Nayaka CS, Shankar UA, Srinivas C & Nintntarta SIl. Ilioiogilal tctrlrol ol ,/t { -\.r \//r)rttrtt / 
":1t

lycopersici causing wilt of tomato by Pseudomol)as fluor.escct'ts. lttt .J :Vlit rttbic.,l lle; -J(lr)l l ) r!)

30. Scher FM & Baker R, Eflect of P.settdontonas ptriicltr lnd lL svnlheLic irorr ohclatt,r ort irrtltLctrori ol'soil

suppressiveness to Fusarium wilt pathogens. Ph\-toputltol, 72( i9li2) 1 567

31. Hussain S, Ghaffar A & Aslam M, Biological Contruri of Mctcroplrorttina SthttscolincL 
(lharcoal Rot ol

Sunt1ower and Mung Bean. J Phvtopathol, 130(1990)157.

32. Akkopru A & Demii S, Biological Control of Fusarir.Lm Wilt in 'l'omato ClaLrscci by l:LtsuIir,nt rtr.\''tlttt|ttnt l.

sp. lycopersici by AMF Glonurs irttraraclices ancl sontc Il.ltiztibactcri a. J i'ldrtt Ptttltt,l. I -i-ltl,Ll(r-'i-si'1.

33. ArdebiiZO, ArdebiliNO & MahdiHamdi SM, I'hysiological e1-lccts 01'P 'eLLtlontotrtr: f ltltrt' ',cri, C'll.'\0

on tomato ('Lycopersicon esculentum'Mil1.) plattls ltlt.l its po:.sibit itllllrrcl 'lll ./:ir;irir,r; ? L'\ 
"'1r';i'l'rri 

f'

sp,'L1:copgl'sici'. AL.Lst J Crop Sci, 5(201 I )1 63 1.

34. Toua D, Benchabane M, Bensaid F, Bakour R, ElalrLrrtiLrn of P,tctttlc,,rrtottcr.; /lLrrtt'r,:'ircl/t I( r lilc bjc'cotltrol

ol tirsarium wilt rn tomato and flax. Afi' J MicrobiltL llcs I (2013 ) .i'149.

35. Elacl y & Chet I, Possible role of competition for nrrtrit:i,n jn bio.r.rntrol rt', i'.ttliiLit't (1.,tllf itl:',rll jry rltt'-

terta. Ph1;topathctl, 17 (1987) 190.

36. pierson LS-& Thomashow LS, Cloning and hete|o1o9o,ls c\l)rrrssioti ol'thc phcIu,'irlc lrit,s)triitcltc iLrc:tts

front PsetLdonlonas aureof aciens. Mol Plant lvlicrrtbe lttret tttl..5( I 99: )3-10

37. Lemanceau p, BakJ<er PA, De Kogel WJ, Alabor-rrctt. C & Schippcr. Il. I:flccr ol'lsttttlr'brtctin 158

production by pseudomonas putiaa WC5358 un srrpprcssion oI' Iusat'ilLnt ri'ill Lr1' crtrtiattons bY

nonpathogenic Fttsariwn oxysporutt'LFo47. Appl Envirort Mic'roltiol, j8( 199:) 297f '

38. Validov S=2, Kamilova F & Lugtenberg BJ, Piet,rl,,,rror,rs ptrticltt stl'airl PCI-l76(J corrtrols iolllll() lbot lrncl

rootrotinstonewoolunderindustrialconclitionsinaceltiliecl grccnhoLts.'. llirtCont.4S(10()9)6

ooAdw;:r*ees in Fishcries , Bi*logic*l and Allied

$irri Guru h,,lfl,l9llft ,



Revierv of Research |olunrc - 1 ]l'rsur.- I \'trarch -10!11

39. Howell CR, Beier RC & Stipanovic RD, Production of Amrnonia by Enterobuclet' t,Locrc.tra ancl its
1)reetnergcnct [.lantpirri]- o1'1' b1' thc ililcterrull.possible role in the Biological Control of Plthiurr

Ph1,rt1p7r77o1, 78(1 988) I 075.
40. Voisard C, Bull CT, Keel C, Laville J, Maurholcr 1t.1. Schnitlcr 1i. .. & llaas D. Liir,corrrol ol roor

diseases by Pseudomonas fluorescens CHAO: cLll'reul t.onccpts and cxl,..r.irtrcntal rrPPr.ttr .l::.,. \lolet ttlur
Ecology of Rhizosphere Microorganisms; Biotet'httolog;, untl tht: l'icltust ol (i,\4Os. il99 lr 6''

41' Dowling DN & O'Gara F, Metabolites of PseudomonLts involvccl rn thc biocontlol of'plarrt tlisersc . Trtntl.t
in B i ot ec hnol, 12(199 4) 1 33.

42. Sindhu SS, Yuvraj S. Rakshiya YS, & Sahu G, Biological contlol oi soilbornc pianr prllri,g.rrrs rrrtlr
rhizosphere bacteria. Pest Technol, 3(2009)10.

43. Paul D, Anandaraj M, Kumar A & Sarrna YR. i\nlagonistic nicc-hunisrns o1'l'luorcscent pscLi.lorir()nl(ls
against Phytophthora capsici in black pepper (Piper nigr Lun I-.). ,/ Spit t:s uronrut ic C'r't'tp. 14(:0()5 ) I 12.

44. Haas D & Keel C, Regulation of antibiotic produrction irr loot-co lonizing PseLrtlttmott rtr s j)l). itrtri r.cler l ne c
for biological control of plant disease. Anru Rev Ph\,tep1117o1. 41(2003)l t7.

45. Glick BR, Cheng Z, Czaruty J & Duan J, Promotion ol plant growth bv ACC rlearninase-prLrclucing soil
bacteria. Eur J Plant Pathol. 119(2007)329.

46. Lugterrberg B & Kamilova F, Plant-growth-pron-roting r'hizobactclia . ,,1nrtu llt.r.. ,\,lio obrol, 63lltr[r:t t51 I

47' Dul1y B Pathogen self--def'ense: Mechanisms to coLinierlct rricrobial tnLagonisrrt. .lnrttr l?,,t Plit,tttltttiltol
41 (2003)s01.

48. Weller DM, Pseudomoltas biocontrol agents o1'strilbolnc plrlltolen:,: lool<jni. bacli ,rr.r l0 t,cars.
P h1' t op o t h o I o gy. 91 (2tJ07 )25 0.

49. Haas D & Defago G. Biological control of soil-bonrc pathogers by llLrolcscent I's.-Lrtlon,olriL,ls r\'l,71 ,4(,r)
Mict'o bio l, 3(2005)307.

50. HillDS, Stein Ji, Torkewitz NR, Morse AM, Horvcll C1{, Pachlarl<o .iP. BeciicrJO & Lison .l\1. Ltloping
of genes rnvolved in the synthesis of pyrrolnitrin lronr P.sc:ticlotitr-,ncr,, flitot.t:.rcerts arrcl r.ol,, ul'l-.r,r.r'olniilirr
syrthesis in biological controI of plant disease. Apltl l',nt irctn Jlii'tolttol. 5()(.1994)iii

51. de Souza JT, Arnould C, Deulvot C, Lemanceau P. Cilninazzi- I'ear.sorr V .t Rarrijrnakcrs.i vl. I:l'lccL 9l
2.4-diacetylphloroglucinol on Pythir"im: Cellular responses ancl vi.rlii.rtron in sr'nsitrr iL1, urnrrn! lrroltagLrlcs
and species. Phytopathol, 93(2003)966.

52. Chin-A-Woeng TF, Bloemberg GV & Lugtenberg IlJ, Phenazincs and their r-ole ir biocontrol by

,r.';:ii!i;ff3,1ffi:r[';,I?:?r"1ii:.#,',], ,"*"r.,,s i, the rhiz.sphere rvirh b:ic,e,i, , .t,,,,,, R,.,,
P hytopathol, 26(1988)37 9.

54' I(loepper JW, Leong J, Teintze M & Schroth MN, I'saLLtlornontl.s' siclcrolrhores: A nrech:irrisur crplarrrinu
disease suppressive soils. Carr Microbiol, 4(1980)3 I 7.

55. Dwivcdi D & Johri BN, Antifungals from fluorescent I'seurlornonacls: lliosrnthesis anti rt!irlrtion. (irr'
-t i. I2 (2003;1693.

"Advanees in Fisherie i,ge! arard AlliE{* Re$*sril



Revielv of Research Volunre - 1 | lssue- I I March -?019

Table 1: {n {'itro s*r*emirlg {or Ant*gtlllislii: :11;*:rrI itii$1]i::s' ,{',,'s,:p" -t' ' ; ". }

{,lultul',:' "$'.:q:hn i$u*l {'u!'r: i ';'iln r:;r

Isolates
Inhibition of

Fusarium
oxvsporum (o/o)

lsolates
lnhibition of

1:ttsu ri u tn

oxl'sttot'tttn (olt)

Pseud.Isolate i 12.80 P.seLrcl. lsolatc 21 24.98

Pseud.Isolate 2 43.00 l',seitcl. Isolate 22 28.90

Pseud.Isolate 3 1 1.70 Pseucl.Isolatc 23 47.8 5

Pseud.Isolate 4 18.00 P.yeud. Isolate 24 54.73

Pseud.Isolate 5 2t.10 PserLcl.Isolate 25 40.75

Pseud.Isolate 6 t4.90 Pse ut/. Isolate 26 ll.h)

Pseud.Isolate 7 21.34 P.te LrcL. lsolatc 27 )t./-\

Pseud.Isolate 8 34.00 I'.; t' L tt/. l:solate 2 8 5 5.70

Pseud. lsoLate 9
t 7.t)0

Ptctrtl. Isrllatt
29

60.75

Pseud. Isolate 0 17.00 l).rcrlrl. lso ate i0 3 8.95

PsetLd. Isolate 1 1/-. to P.;eLtcl. Iso atc 3l 41 .00

Pseud.Isolate 2 33.78 P:;eud. Iso ate i2 36.98

Pseud.Isolate J 12.78 P.setrcl. ]s<t atc 33 53 27

Pseud. isolate 4 t9.42 P,scLLtl.Isolate 3,1 46.0-l

Pseud. Isolate 5 21.80 P.reucL. Isolatc 35 ,1 1.0-5

Pseud.Isolate 6 34.87 P.seucl.lsolatc 36 39.21

Pseud. Isolate 7 3 7.89 P.tetd.Isolate 37 3 8.04

Pseud.Isolate 8 40.00 PseLLCl. Isolate 3E 36.75

Pseud.Isolate 9 53.15 PseLrcl.lsolate 39 31.2r

Pseud. Isolate 20 10.98 P.setLcl. Isolate 4() 13.7E

Pseudomonas
Isolate

Volatile Metabolites
ryM)

Non Yol:r1ilc' Diiirrsil,le .r Ie trrbolilc
(\Vl)\l)

S irle rop hore

Psettdomonus
cf. monteilii 9

+++ +++ +l -l

+++: Efficrent; ++: Satisfactor)', ' 
: Average, - -\egative

'IahHe l,i;'j.{ * i I3: VCIlatile h{etab*life Proc}ueti*lll hy Pscr;*0.;;r,ri. {,r,' (.',r. iil.',: ,, ''r i. J,

Pseudomonas
isolate

Diameter of Control (mm) i)ianrcier rrl 'l est

{rrrnt)

Percent inhibilit-rn

Pseudomonas cf.
monteilii 9

85 l0 /),/-)

F&,ilctpi,
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