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Abstract 
•. ~..... . ~~ -'~_y \ • .L!~_~-::' . ~.' .- .... , ~ :_ .... \ - :. ." "\ " , '" .~ , 

Naturally occurring epiphytic npn-paJ~q$f!!.,iS ~a~teria were isolg(edfrom reproductive tissue of various. bean 
genotypes grown in t~l!!.fielf.l~ .a,ng. sc;r:~lf.,ned fo.~ 'both in ':.v~tro . and' in ~'vo. antagqnism, to Xa~'homonas 
axonopodis pv. phaseoli (jl!'1'}.~ly. ,l.._ .fl{mpf!strjs j pv php}~oli)·. OJ" th~. 22.1!0!e,'!tif!! ,bq.r;terial anta~onists 
screened in vitro (at 27 + l ~C), only 3Jsolates exhibited an~agonism to X. a. p.v. phaseo~i. Two of the 3 isolates 
were identified as Baci#~s ~PP:- qnd~th~~r~i~4. ~~fs~udom?,na~flu!re.s?~'Js. ,Wh~n scr~~,!ef! zriyivo in th~ ~~een
house, all three bacteria!, ant~go.nis!.~ !4elay,e~ ~h~1evelqp~men~ of com,,!on ~act~!ial. blig~t, sy~pto.m.~ for 2-3 
days, when spray-inocula!~dprior ~~ ~:,tf.'IPV. phafeoli. !.he raJ~ of com'!'fn ,bq.cterial bligfz~ d~~e'as~ develop
ment was significantly red'1.ced. B,ea'JP~q,!-!s/~eat~1 with ~t;~cte.!il!~ anta~onis.ts had .smaller, di.sea~.e.!esions·than 
the phosphate buffer, trea~e~ ,~oflfr.Qls.. nz.e~e}~s.ulI~ sug~est that phyL.loplane .mifrofl(J~a fr~m be?~~ !nfl,uence 
the development of common bacter,ial blig~t (m the bean crop. These ~ntagonists are promising potential 

. \" l; .. " \ _ _ _ ._ .\.. 

biocontrol agents for bean common bacterial. blight disease. . . 
~ ..... • .... 1.. ~ ,,' -.J .•. ) • ; ,.1 ~ 
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,. •. -,~"'- ".&.<:,: 

Introduction 
) .. I':" (U:~'':- '. 

Common bacterial blight of beans caused by 
Xanthomonas axonopoqis py::pha,s.eol(, 

Vauterin et ai, formerly Xanthomo.rLa,s.",~ 

campestris pv. phaseoli (E.F!:Smith)J~a\\lspn)~ .': 
one of the most serious be.~ diseases in_maI!Y L .. 

bean growing areas, of ~he \,{9rl.~ (Wi!§op a~(L', 
Lindow, 1993; Zaumeyer and. Thomas, 19~7)" ' 
The bacteria usually infect leave~ ,c.l!l!sing,le.!lf, . 
blight, but may go systemic and.ipvade,.!he va§" 
cular tissue of the plant resuitiI)g j~ j~f~Gti9!l Q,fJ' 
the stems, pods and seegs (Wil~(m .anI! Upgo}Y '. , :~ 
1993), The worldwide distt:ibution, of this patl1o:~:.:· 
gen is in part associated with its ability to infect '\ 
seed. Control of commo_n ba~i~ri.atbjig4t {~.' dif-, , ~ 
ficult because of the seed-borne 'nature or'the " 
pathogen. Short term co~tr~l"m'easur~s' i~clud~' ~ 

" ~~.. - .. .,. 1_ • 

crop rotation, the use of patJtogen fr~e seed pro-, ,f' 
duced in dry areas and use of r~sistaI!t. varieti~~"f; 
(Wilson and Lindo\\'., 1993;.?:aumeyer and J 
Thomas, 1957), '-

~ .",' .. .- , ' .. - ~. , . ~, 

Howeyer, even resistant ~arieties ,may pr.oduce both 
infested .and,infected 'seed. Cafati an~c.SaetUer (1980) 
and Schuster et 91. (1979) reported tltatseeds Q( resis
tant bean:genotypes can becomejnf~cted ~ith X,. a: pv. 
phaseoli to the same level as seeds from susceptible ge
notypes, In addition, differential reaction oUepary 
bean to X. a, pv. fihas~ol{ha~ b~ei1.~rep:~hed (Zaiter et 
al., 1989). 

Aerial surfaces of plant~· are~very seie!;iiv~ habitats 
for microbial growth. Ample evidence for .the occur-

'~-I ~- • " - .- ~ ... ,. , 

rente 'Of epiphytic microflo'ra 'have ,been given 
-. - (t, J' I ~ • ~.' ... • ... ~.: "'l p"" • • • 

(Blakeman 'and 1;J,todie, 1976; Kaheda, 1986; Leben, 
19tiS; L6~ben "er- aI., 19(5)':'[ S'oine 'o(these 'mi
cro'-organisms ~re' deposits Of a~rfi,onl or '1-'es~lt from 
the-activities of insects or aninials',<Thtdn-depth eXplo-

~"r". I r ,.. ~ ~.- ...... j 'Ii.- - , ' 

rati6il'0f epiphytic' microflqr'a ori 'variousc~ops have 
, ... . 4 'I ~. -" I t" ~ , • ~ .~. - ," . ... 

stinlUlate<;! an interest in managipg 'ini'croflo'ia for, dis-
1" • I' • ~ ) ..... ,,, ' , • .' "" • • 

ease control. There is an extensive literature on antago-
nisii~ inter'act'ions bety..een ep'iphytic microflor'a and 

, . • !~ ,. " ' .', -

plant pathog~ns, leading to the need for expl,oring the 
use of'suc'ii ,aihagonisiic 'interact1ons'in"biocontrol of 
plant 'pathogens (Elad and Kirshner, i 993; Leben, 

\ f •• ~:- .; • ~ \ __ 'I 
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20 R.B. Mabagala 

1964; Pandey et al., 1993; Punj ar, 1997; were kept cold at SoC in the refrigerator until 
"Reil)}cke, 19

T
51; Wi,lspn and Lindow, 1923). proces~ed wi!hin 24 kou~s. ,_ o. . 

: Moreov'gf;rbioi6gTcaJ.~corftrol1if,Wap.'rdisease :isf.:,3L Z, Elo,wet".bulfs:,1Jj'10 ssorii~:"flat and" rUinpy 

currently receiving increa~~~I~:sz~rs,h, ~ff!?~~s: ',\;~Q1~!t g~,-~w01l)cp~,~Ss.'Y:.~f~·:~,p~~~ f9r:;:~9 .. minutes 
(Balanger, et ai" 1994; Hussain et ai, 1994; 'in 40 ml of O.OIM phosphate buffer containirig 
Laha et al." 1992; Pandey et al., 1993, 0.01 percent Tween 20 on a horizontal shaker 
Utkhede and Smith, 1993) to reduce the use of set at a speed of 75 x 1.5 - inch st{bk[s p~r inin-
'eli -em ic a LJlt! Hi a (fes· in 7 a i if cu ltu ra t:sy he nt's ';' ":,1ute ,.:Thecresultirig:.washates-:wert;:decimall y di
.. (Johnson,-1-994) and the-environment-in -gen-.-- luted .in-the same-buffer-and.o.,J _mLaliquots 
era!' Biological control has become an impor- from each dilution were plated in triplicate on a 
tant ,component. of the integrated pest "!a,!age- ,non-se~tive );,east extrll:ct ~ll:rbona!e agar '(YCA) 

'}?zen! 'iYstetrTs,(Aiiiih'tre Jg9i! PunjJ, 'BJ97j .s,~'~' . f'{gliJ ,(iislfHe1f· wa'i'er':~yeisUexiract: (.0 IFCO) 
e"';~~lirli~. p'afIi9g'~(h~, . inS! lidf'ng~-x. ~d'.:;pVj ~\'Q<\19':''O~\'c afc i utril.ca;b~~lt'~· 2·:"5~;il:6ac>to~agar 
piz.a:sehlpgi~Yv.!p :)t'ri$h:patho'genic ;.e~sld;~\il.'i-, :", (PfFCO)~:1 ~ .fo)'nnocu'laYe'ct'pfa1esl 'were incu
-phase"as '~p'ipp'yies"orr'ihe~p'hyll~piarie ofhds1l ':?~ba~~d af27!"+ ':.1 °C'fOfUp 'i(5'd~ys:\Siiigle 6ac
:'ana'Ii6~~li6W'pl?liitnUIJ~~), '1965';~'Par'~shar-; ~ ~> te'rial-coloh'ies \ 6.f·prestfmed 'bactefial·'epiphytes, 
';:r"; ~- ", . '17 .... ~ .. \ \~ {,'-':'\,j'( .. /·o· .-~ ....... ";(' ... -.... ":,""f ',;;,.' ....,'~ '\'., \ I:' .... 'J""'" ('";~,~\." ~- .- """ '. <...' - '.~ " (. 

1993)'. Bactenal- antagomsts' i'solated from reSF -' - based-on' colony morphology ana'color ,'were 
'(ight 'mi~f~hb'ili;p6p~latibitS-\\iduld; ~eehi'io 'b~ '-~~'" ftl'rthe't' pu~i'fIed Bya:'Setre{~f triuis'fersr on 
~g~8(nilIldid'ates' for _conirojliIlg\foliaf:dis~ases! ~' - Y'(:A. :piii1fi~ij 'epiphyi'fc::bacte:ria' were 'main
~Hl~we~.er~ in'i~raehon~ :b\~tv;'-e~ri~x.'a·.'~pv'..::'( __ ' l1.hred )h' ph'osph'iiie"bil ffeT, (0'.'01 Nt, pH 
})Rdsedii'arl& 'ie~'iden('ba6ie'rialtnictotiora oH~~, 'f 2)~giy'cerol (40%:» irtixtuh~' atS - got. 'Prior 

j"\'"''''''~'''-\4''\ _. ~ . __ r, .. ~.~ .... 
bean plants have not received much attention:'·,· to use; epiphytiC bactetiaI-isolateswere 'streaked 
Thu_~ if ~~ cl~'!l: .und~rst!WdJ.Qg9f.s.ll:ch jnt~acti9I!L ..; '.' " of! Nl!.tli~crm:;:I? ~9t}:l' 9! ugose .:Agar ,(N~GA) (giL. 
is needed to determine the potential of epiphytic distilled water: Nutrient broth (DIFCO) S.O; 
bacterial flora for control of co'fhmon bactetial- glucose 5:0, bacto-agar (DIFCO) 15.0) and in-
blight. cubated at 27 + 1°C for 5 days. 
:;JTher,efore·,. tlie 'objectives of-this study; .were 

to' isolate"epiphyiic bacteria from seven.beange": Path,ogenicity tests __ ' .. 
,notypes and t6 ev aJ uate :'theii potential for - ",' - '- ..' ,~ .,':: ' 
oiocontrol :6f.coInin6h bacierial-bHght of beans. ~ e', 

!Epiphyti~,!>act~rja :;' " 
10, • -: ~ :.~, .... :::'~:-; _.;-.~':""" " ./~'. '" •• " ... ",". "j,-f'~" 

.'" Epjphytic.p~cter,j~ wt;re obt(ljnedJ!C?mr~: ," 
• ", J • ' .. ,.. , ~. • .". ... .. " "" :, ,~ • J, . ~ _. • _ l' ... ~ ........ 

productive tissues of seven be'an- genotypesi~" 
.. ",I,. .:»!~:)r!.::_ •• , ,oJ' • 'l.~:,!·~"",, I . : ,.~·.}l:t..LJ 

.(VaJley, !~S4)RQ,j) Pinto UI-II4;, <;:;ranberryTay"7') , "t._' ... ~ 1,,-,,"-. f ~ _., _ .• '_' • .. (~,,-t 

,lor .. Hort,. Charle~oi'.', C-2,0, and Black, MC}gict, . 
, t..:. __ ' ._~ .,,,.<1,," ,'I... I : • ,; ... ~ 

.growa. in. .!he /iel~ i:a.t, ~~?ko~e y'niversit~;Hf,,\g -~n 
rkultu.re,. ¥9r~gor.o,),Tanzanill~sing a,co,m-, _ 

. plei~iy ra~((d~iZ~.d ,'design with Jour'. repli~ac:'t.> 

.' ,"J .. ·l~_ ... l ~ .... ,........ ....... . J ' ...... 

,tions.\Flo.wer buds, blossoms, flat and. bumpy_" 
pc:>ds' w.ere-.. ·a'~'~aYt;d .. ,'tor ·:pi~se~~~·;~o{.:.' 
non~path~ge·ni.<,:· ep·iphYtkbacteria' .. Atfl<:>\ver '~: - . ... .:~. .. _., - ~." , ..... \~. . .. ~ "' - . 
. bud for:matlOn, s;unples .0(25 flow~r.,buqs w~re_ . 
, ••• , . _ l .•• . ~ ... \! "'." .'..1.' . .' ~'~ ~ 

taken, at. random from eac\l rep'li~iltion using ',r-
• ' •• " 1"',_~~ __ "'J..;~' .,-' .J~. ,.,,";1 .• > 

steam sterilized forceps and placed in sterile ' 
glass test tub~s. Similar sampling procedures 
wer.eus~d (or: bLossoms ,al)d pods. Samples 

All epiphytic bacteria isolated were 'tested 
for pathogeniCity on y'arieties Canadian Wonder 
and.'Charlevoix. Bean seedlings of the test vari
etie's were 'grown 'lD. the greenhouse and, inocu
lated:when possessing-two trifoliolate leaves 
(14~:iO' days old). Epiphytic iba-cterial suspen
sioifs:were~prepared':frbIh 24".48 hr-old NBGA 
culturesLiising-O.OlM·phosphate buffer, pH 7.2. 
The sti~peh~i6ns'were,adjusied'using a 
SpectroniC' 20 'co lor'i meter, (Bausch -and Lomb 
Company; NY;) to'\'an'optkardensity of 0.1 at 
620,nm '((ca:.'·I. 7~3,9;'iW~ colony:forming 
units' (CFU)/inl) .'Bean' seetllirig's'were inocu
lated'with·each-isola~edepiphytlc bacteria by in
filtrating the, cell ~uspensi6Iis abaxially- by 

I 

pressing ·ih'e, end' of a 3c(;" disposable 
. ,I . . 

precsie'rilizetlCl1ypodetmic syringe against the 
for~finger!supported leaflets' 'and 'slowly intro
ducing in suspensions of epiphytic bacteria . 
Pathogenicity tests were done twice using four 
bean plants for each bacterial epiphyte. Positive 
and negative contr91 bean plants were inocu
lated with X. a. pv. phaseq)i and sterile phos-
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hate buffer, respectively. In~~ul~ted. pl~n~,s 
p aI'ntained in the glasshouse With temper
were mOd b d 

gI'ng from 25 to 30 C, an 0 serve ature ran 
daily for symptom development up to 16 days. 

In vitro screening for antago~sm 

Epiphytic bacteria isolate.d fr?ffi- bean,repro
ductive parts were screened In vitro fO.r antago
nistic activity to X. a. ?v. ph~seoil and the 
brown pigment producmg variant X. a. pv. 

Epiphytic bacteria and their potential,f!lr,biocontrol 21 
• • ~~ " >-. •• • +, 

Characterization of epiphytic. 
...:..._ .... v,--,. _ ~ 

bacterial antagonists . 

Three epiphytic bacterial antagonists were 
subjected to physiological and biochemical tests 
for identification following procedures of 
Schaad (1998) and tobacco hypersensitivity to 
confirm pathogenicity tests (Klement et ai., 
1964). 

In vivo screening for. antagonism 
haseoli var fuscans from the laboratory stocks, 

~Sing the overlay method (Pointius, 1983). Epiphytic bacterial isolate which inhibited 
NBGA was used for both the upper soft.1aY~,r gP;>''!Yt1i,·qK~. aiJ'~: I?ha~t;o!U~Lv!~r() we,~~.tt::J.ted 
and the lower layer. Inoculum for overlays was f%;~b,il!ty. ~<?,~r~qu,£~ ... c91!lI!l0r:t-}?I}g,~!:.<;Ii,st::a.se ,s~-
prepared by washing 24 to 48 hr-old NBGA, verity in the gr,eenhouse .. ~~an plap.ts"yariety 
cultures grown at 27 ± 1°C, with pho.sphate ~g(lElev~ix,. were g!owP. in .tht: ,~reenhous.e in 
buffer. Suspensions were adjusted 10 cm diameter clay pois (one plant.per~pot).in, 
turbidimetrically to an optical density q(Q.25 at a 3: 1 mixture of soil: vermiculite:' respectively." 
620nm. Decimal milliliter portions of susp~m-, Inoculum ",:,as prepare~ from 48. qr-olgc\llture~. 
sions of X. a. pv. phaseoli were mixed ,with: 4.0 growriC;n NBGAmeaium as earlier~ described' 
ml of soft NBGA at 44°C anf! vortexed'fo~d.9, a_ndAdjl!~te<! tQ'c8!1tain ca.;1~7 ~ lQ7 .QfYiIl)1 as 
seconds at medium speed to obtain a .~lI).ifor-ffi; t:;'~Jimal~9:Qy p!ilte\9.il,uti9nL.cou.nts.,:r~ss,plant§j 
distribution of the pathogen, and i~ediatt::ly, \yen~ SPI:ll.y:!qoculaJed,witlLepiphytic bacte~-i~ to 
poured onto a 10 ml base layer. in,st~rUe.opet~!' rl,l!l.::of{.!wj,tllouJwat~r'isQ<l,k,iIlg"ilt7.;91!yj.nt~J~~. 
plates. Inoculated plates were left in the .1!@.ip.ar, vajs_sJartjng Jr9l!l.;y.'h~~ plC!Ilt~~ ha9 2t~iJ9Ii91..ilt~-' 
flow transfer chamber for 30 minutes t09rYi', le(l~e:s:.: Control p"lant~. were sPLay:in.Qcllla.ted· 
After drying, 4 droplets of 2 I, volume (jf;~a~l}. wjtb. sterile' ptlO.~pp(lte Quffer·. FQur t~e,illJnen.ts,·, 
epiphytic bacteria were spotted onto X. a. pv, each replicated 5 'times were used as follows: 
phaseoli - inoculated plates, incubated .at. ~?. ~, ~~,.tr~a,tmt;l}.tsJ,~. control.. plapt.s .sprll;yed ''Y~th 
1 °c and observed for three days for presence of ,"., phosphate-buffer; 2 = plants sprayed once With 
inhibition zones. Rating was done followingthe~:.!,~::'antagonists iridividilally: 2 days befo-re:irio'cula
procedures of Pierson and Weller (Pierson and " don with X. a. pv, phasi{oli; 3 = plants sprayed 
Waller, 1994). The size of the inhibition zones _: . twice with antagonists~at 2-ctay intervals (2 and 
around each epiphytic bacteria tested was used - -- :-.';( days before inoculation); -4 = plants sprayed 
as a measure of the ability of that strain to in-. ~ ... three times at 2-day intervals (6,4 and 2 days 
hibit X. a. pv. phaseoli and the fuscans variant"':""~oefore inoculation). After) the last treatment 
and was scored as - = negative, no inhibition' '" ~ith antagonists, 'i~s! pla'Qts were challen'ge 
zone and the pathogen overgrew the epiphytic .:spray-inoculatedwith.~. a. pv. phaseoli to 
bacteria strain; + = a distant inhibition zone '--.run-off without water,-soaking. Inoculated 
with the pathogen growth inhibited less than 6. plants were maintained at a temperature range 
mm from the point where epiphytic bacteria of 24-30oC and observect:'for common blight 
were spotted; + + = a distant inhibition zone sympto~ development oli daily basis. Dise.~se 
with pathogen growth inhibited 6-10 mm from ~ssessment was done at 10,.14 and 18 days after 
point where epiphytic bacteria were spotted. .inoculation using the CIA T '(1987) scale of 0-9 
The control plates were spotted with sterile .~, where O=immune, no symptoms; 9= plants 
~hosphate buffer. For each epiphytic bacterial dead or nearly so and 50 percent or more of the 
Isolate four experiments were conducted, each leaf area covered with les~Ohs. The experiment 
replicated three times. was repeated twice.' , 
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Data analysis was done using MSTAT-C. 
Data froin~ tge three~expetiment~ were 'pooled 
fonanaJysis.of !v.ari-arice:;W;;~'O. 05) ~nd 
Duncan',s ;new.-multiple range. test) was used to 
separate differences betwee~ ~meavs ~: ;) : .. :~ r' '1" 

Results 
.. ?~~':-. 1.~Ji:.;:~t~'~/..)'r!) .~ .. ' ~''''TTt~ .. ~ 

.t~_'.~ t 

,- ',~ I· ... ~" _I, ~r,) ,-. >~ ," ,-_' ___ , 
PathogeniCity~tests' ~ . .; 

,.' ;A't'obj-~'i 22 e'piphYi!Fbadeti~{y.,~r·e' iso-
• ,.. .,.... • ••• ,.. "' •• ''I[ "f to .. , ~ "''''''r' 

lated'{rom reproductIve parts Of 7 bean· geno-~ 
typ'es"ana:~'ested\ior'-pathogeniCity' on b'~a~ 'vaii: 
eties Canadian;Wonder anct'Chafievoix. Aii '21' 
fs~lates'were-;rion~pathogeriiC on the tested'bem 

/ . - • "" t - .. l • -If"' ,,'. ''f'" . t 
plailts(Table 1).' ':.... ..' .. 
•. " .... 1+-:· .. ' ... ~i~·· . :~:': ;~~" ''I .r;s,;:. '; ~ ,4~~" :·;r t : <" ,', 
- ~ :-",:.") ... ,- -." 1".--. ~ .-.- .... , . ...... ..- ....... 

I~,.vitr.q: ~~r~e~~g: f~~ .a~t~~ol!i~_~~.:" 
-. -0f1ifie 22?bacteriiil epi~hytes lsol,it~d- an; 

tested 'inoiV1dtially -fof in' vitro'ihliibitiori of x. a;
pv :jihdseblf strauFMI'. 7 'arid X. fr'- phaseoli var,' 
fiiscaizs~sirairi MFS;?<mly3 isola'fes'\Ver·e. P6si::: 
tive\Table 'i5: -ID.hioition "zones were observed 
aroi.ni.d 'colonies of the epiphytic bacteriahso·-· 
lates 4; S 'and "1-:3, with iD.hibhi6n 'zones of 2, i; .. , 

6!.s:'andL'6':3' :rn.nl,r:tespectiveiy; (Figur~'fA & B) 
ThdFstf~ins 'w'~~"iscilafe-& frofyn- flo~er bUds' 
blossorrW and' flat' p~ds-. isoiaie No,;:S provided 
larger- inhibiifo'n 'zones) iliim; the 'other two iso
,lates that were positive for antagonism. Ali 
three~Bacterial ePiphYte_s"~qtfally. suppressed 
growth of X. a, pv. phaseo/i, strain MI-17 and 
X~"a_ lpv:' yaf/uscan~ ~tdiin ,MI-S' (Table 2). 
ThesfH:ioservations'wefeconsist'ent over all four 
experiments: co'ii<:lucied.IOOn the basis of these 
results, stra'in ~No: S-:-perrCirined the best of all 
the' three ~baCterial :€piphytes"iested.· Effective 
epiphytic '15acteri~l'isolates 'were used in further 
expetimeiits'-in "tlie: glasshc)\Ise'. !-
..2~' ; "'''i'Y:1V0 ':(~~ 'T~ .r .. )>: ....... -~ ".~' 

Charai:terization :and: identity of 
epI~f!yiic' bac~~rt~(~~t~gonists 

, ; The 3 epiphytlc:'bacterial a'ntagonists were 
subjeCted to Physiological and biochemical tests 
for ide'ntificati6il..' Strain No: 4 a'nd 13 were 
i'deIifified 'as Bacillu's'·~jJp. based on positive 
Gram reaction, . facultatively anaerobic, spore 
forming rod-sha'ped cells", _non-pathogenic to 
bean ana:pfooUCecttio hypersentive reaction on 
tbbacco\ :StrainJNon:'was' identified as Pseudo
niohi1sjluorescens:=Thls strain was Gram nega
tive·-rod, aerobic) pr6duced"'fluorescent.plgment 

. 1 . - .0,' .... 1 ':." • 

........ ":-r" -. :'+r . , .... --:.""' ," -!- l' 1'-''': r.~ -j ~'- - " 

" T~~le.~: Origin .. and p!lth~geni.city test;>. of ~~iphytic bacteria used in the.H~n:ent study. 
£I ,,> c .. , ...... ·,·· ii'" ............. .'." ........ ,., .. ... '.""."'."" , ....... ,.. """: ..... : ... ,. . ... 1........ .. ' ..... . 

, !~()I~t~_NII!I!b~r_,§()u!<:~~g~I1.!J!YP~s)" '" '. I~()I~_ted·!:r()fll- ~ '. i'" -\Path()g¢!licity()l1beal1~ 
:: .. ~I 
<.'" 2-

J 

._ •• ! .~.: ": B~c~.Magi~ '." 

Black ~.lIgiC."2 ~.;;;_ .. 
, Black Magic'~ - - -' 'e-' 
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Ypathogenicity was tested by infiltrating 'leafiest of bean plants of varieties Canandian Wonder andCharlevoic with bacterial 
suspencions adjusted to an potical density of 0.1 at 620nm (ca.I,7 - 3.9 x 107 CFU/ml). z=Non-pathogenic, negative host reac-R
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Figure 1: Inhibition zones of Xanthomollas axonopodis pv. phaseoli (A) and X. a. pv. phaseoli var. fuscans 
(B) around colonies of bacterial epiphyte No.8., bacterial epiphyte No.1 in the same lawn is with
out inhibition zones. 

Table 2: In vitro screening of epiphytic bacteria from seven bean genotypes for ability to inhibit growth of Xanthomollas 

axoflOpodis pv. phaseoli (strain MI-l7) and X.a. Pv. phaseoli var. juscalls (strain MI-S). 

Isolate Number Inhibi tion X Size of Inhibition zone (mm)YZ 

zone Srrain MI-17 Strain MI - 5 

2.1 23 

65 6.' 

10 

II 

12 

13 ft 6.3 6.1 

14 

15 

16 

17 

18 

19 

20 

11 

12 

x = No inhibition zone observed; + inhibition zone present but less than 6 mm; +~ = inhibition zone rang
ing between 6 - I Omm; YS train MI-17 = Xanthomonas axonopodis pv. phaseoli, and strain MI-5 = X.a.pv. 
phaseoli var. Juscans; zmeans of four experiments each replicated three times. 
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on Kings et al., (1954) medium B (KB), was 
'-not pathogenic ori 'bean arid produced no hyper- ' 

sensitive reaction on tobacco. It was oxidase 
and arginine dihydrolase positive, hydrolized 
gelatin, but not starch. The compounds 
B-alamine, DL-arginine, glucose, m-inositol, 
trehalose and L-valine were also utilized as car
bon sources by strain NO.8. 

In vivo screening for antagonism. In order 
to verify results from in vitro studies on the ef
fect of the three epiphytic bacterial antagonists 

I on X. a. pv. phaseoli, greenhouse experiments 
·were conducted. Results from greenhouse ex
periments are shown in Table 3. On the basis of 
these experiments, bean plants treat.ed four. 
tiDIes \vhh antagonIsts bef~re challeng~ -inocula
tion with x: a~ pv-. phaseolt hid signincantly ~e-" 
duced common blight disease severity (P = 

.Q.05) for::all the three·epip.hytic bacterial antag
onists used (Table 3). Compared to tbe phos
phate buffer - trea'ted c'ontrols; 'b~a~ plant's' 
treated with epiphytic bacterial antagonlsts'liad·. 
smaller lesions initially, but the lesions enlarged .. 
slowly with time. Development of symptoms on 
bean plants treated with antagonists was delayed . 

for an average of 2-3 days as compared to con
tiorplants. Control planiswhich received phos-

. phate buffer were affected by the disease much 
more rapidly and more severely than plants 
treated once with bacterial antagonists (Table 
3). 

Discussion 

Common bacterial blight of beans is gener
ally managed through preventive measures such 
as the use of pathogen-free seed and tolerant va
rieties (Cafati and Saettler, 1980), Interactions 
between X. a. pv. phaseoli and resident bacte-

. rial microflora on bean plants have not received 
,:_attention. Based on results Jrom the current in

vestigation, it is hypot.hesized here that 
epiphytic bacterial on bean plants may playa 

:.role in suppression 9f COIlllI!<nl bacterial blight 
disease: The study has demonstrated that part of 

"the ep'iphytic rnicroflora that 'occur on reproduc
tive tissues (flower buds, blossoms and pods) 
have the potential for biocontrol activity. Out of 
22 bacterial epiphytes isolated from seven bean 
genotypes and screened for antimicrobial activ-

Table 3: The effect of Bacillus sp. (4,13) and PseudOinonas Fluorescens (8) on the development of common 
bacterial blight on beans in the greenhouse. 

Antagonist identity number, 

4 

8 

13 

Treatment Number 

2 

3 

4 

2 

3 

4 

2 

3 

4 

Disease severity ratinglDays after inoculation yz 
10 14 18 

4.1a 7.1a 8.5a 

4.7a 6.9a 7.7ab 

3.3a 4.3b 6.7bc 

1.8b 3.1b· 6.5c 

5.2a 7.2a 8.3a 
I 

4.1a 7.9a· 8.5a 
I 

3.7a 7·9a 7.9a 
I 

l.Ob 3.6b 4.7b 
i 

6.7a 8.4a 8.9a 

4.~ab 
I 

7.3ab 8.5ab 
I 

5.5ab 7.8ab 8.8a 
I 

2.9b 6.5b 7.9b 
I 

XTreatments: 1 =Control, plants sprayed with phosphate buffer; 2= plil"ts sprayed once with an'tagonists'two days before inocula
tion with x.a.pv. Phaseol i; 3 = plants sprayed twice with antagonists at 2-day intervals two and four days before inoculation; 4 = 
~Iants sprayed three times at 2-days interval (2,4 and 6 days before inoculation). I 

Disease was ra~ed on a 0-9 scale: 0 =immune, no symptoms, 9= plants dead or nearly so, 50 percent or more ofh,af area covered 
with lesions:Data"aremeans ilfthree e'xp·eriments.' ':' . '-, J. 0,. '0'0 ; i: ': ;:: •. '/',")i'.Gu ,':0.:.. 1 .' <,' i 
z(or each bacterial antagonist, meanswithinth~ same column followed by the same letter are nat significantly different (P = 0.05) 
according to Duncan's new multipl~'range test. . r'" 
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. t X a phaseoli only 3 (isolates) were 
ity agams . . ' . ' 

.' & such activity. These were Identified 
posItive lor . 

P d monas fluorescens and Baczllus spp. 
as seu 0 . & b' 

th Potential use of these bactena lor 10-
Thus, e . I bl' ht f . I ontrol of common bactena Ig 0 logic a c . 
beans deserves attention. 

St ins of Pseudomonas fluorescens have ra . 
frequently been suggested and used as Important 
natural antagonist of plant pathogens. These 
b cteria have been considered very useful, par
ti~ularlY to microbial suppressio~ ~f the tak~-~ll. 
fungus Gaeumannomyces gramznzs var. trztzcz 
following wheat monoculture and in various ex
periments with other pathogens (Hussai~ et al., 
1994; Pierson and Waller, 1994; Schippers, 
1993; Wilson and Lindow, 1993). The bacteria 
is commonly found in the soil and also can com
pose a significant part of the bacterial 
microflora of plant rhizosphere. This work has 
revealed that P. fluorescens and Bacillus spp. 
can be a significant part of the phylloplane 
microflora of the bean plants, specifically on 
flower buds, blossoms and pods. 

In greenhouse studies, significantly greater 
(P = 0.05) biological control activity was ob
served in plants treated three times at 2-day in
tervals with P. fluorescens and Bacillus spp. in
dividually than in plants treated once. This re
peated spraying significantly reduced the 
amount of disease. Several reasons may account 
for such results. The ability of biocontrol agents 
to survive and establish an active population in 
the phylloplane has been reported to be affected 
by phyllosphere inhabitants, nutrient availability 
and microclimatic conditions (Schippers, 1993). 
Therefore, repeated treatment increased the ac
tive population of these biocontrol agents on the 
phylloplane as compared to single application. 
Such findings have been observed by other 
work(~rs who described the correlation between 
fungal antagonists inoculum dosage and per
centage of disease reduction (Tosi and 
Zezzerini, 1994). The current results seem to 
suggest that the ability of epiphytic bacterial an
tag~nists to control common bacterial blight in
f~ct~on may be related to the production of anti
biotiC substances. This work has also revealed 
that the higher the population of the biocontrol 
age~t on the phylloplane, the better the control 
of disease (Table 3). However, further detailed 
population dynamic studies of P. fluorescens 
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and Bacillus sp. will be needed to better under
stand the actual behavior of these biocontrol 
agents on phylloplane of bean plants. 

Antagonism of micro-organisms to patho
gens has been observed to involve a variety of 
ways (Elad et at., 1994). Gueldner et at., 
(1988) found that Bacillus subtilis expressed its 
antagonism to Monilinia fructicola by the pro
duction of turin antibiotic. These workers found 
that Pseudomonas fluorescens strain 2-79 pro
duced antibiotic phenazins, anthranilic acid and 
siderophores inhibitory to many plant patho
gens. Siderophores are well known competitors 
for iron with pathogens to an extent which de
pends on the environment (Tosi and Zazzerini, 
1994). In the current investigation, results from 
laboratory studies indicate that antibiosis is one 
of the mechanisms involved in the suppression 

. of X. a. pv. phaseoli by both Bacillus spp and 
Pseudomonas fluorescens (Figure I) .. 

Understanding the actual mechanisms in
volved in the biocontrol of X. ti. pv. phaseoli by 
the current biocontrol agents is crucial for de
veloping and improving application methods 
and strategies. Therefore, further studies are 
needed to determine precisely the actual mecha
nisms involved, to screen more effective iso
lates and to develop better formulations for in
troducing bioprotectants on bean plants to en
hance their survival. It is hoped that this work 
will be an added stimulant to plant pathologists 
to consider such Investigations. The systemic 
nature of X. a. pv. phaseoli in beans also calls 
for a search for endophytic antagonists that 
would complement epiphytic antagonists in 
biocontrol of common bacterial blight of beans. 
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