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Abstract e
Naturally occurring eptphyttc non pathogentc bacterza were tsolated from reproducttve tissue of various bean
genotypes §rown in the, field, and, screened for ‘both in vitro and in vwo antagonzsm to Xanthomonas
axonopodis pv. phaseolt (fonnely X campestns 134 phaseolt) Of the 22 potenttal bactertal antagonzsts
screened invitro (at 27 + 10C), only 3 1solates exhtbtted antagonismto X. a. pv- phaseolt Two of the Jisolates
were identified as Bac:llus spp. and. the thzrd as Pseudomonas ﬂuorescens When screened in vzvo in the green-
house, all three bacterial antagontsts delayed the development of common.  bacterial bltght symptoms for 2-3
days, when spray- lnoculated priorto X a.pv. phaseolt The rate of common bacterzal bllght dtsease develop-
ment was significantly reduced Bean plants treated with bacterzal antagonzsts ' had smaller dzsease lestons than
the phosphate buffer, treated controls These results suggest that phylloplane mzcroﬂora from beans infliience
the development of common bacterzalt bltght on the bean crop. These antagontsts are promzstng potenttal
biocontrol agents for bean common bactenal bltght dzsease
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Introduction However, even resistant varieties may produce both
ST ..~ infested and.infected seed. Cafati and Saettler (1980)
Common bacterial blight of beéans caused by and Schuster ez al. (1979) reported that seeds of resis-
Xanthomonas axonopodis py. phaseoli,  tant bean genotypes can become infected with X. a: pv.
Vauterin et al, formerly Xanthomonas.: phaseoli to the same level as seeds from susceptible ge-
campestris pv. phaseoli (E.F:-:Smith) Dawson,is - notypes. In addition, differential reaction of tepary
one of the most serious bean discases in.many .. bean to X. a. pv. phaseoli has béen.reported (Zaiter et
bean growing areas of the world (Wilson and;, gql., 1989).

Lindow, 1?93; Zaumeyer and Thomas," 1957).. - Aerial surfaces of plants areNéry Selective habitats
The bacteria usually infect leaves causing leaf . for mlcroblal growth. Ample evidence for the occur-
blight, but may go systemic and invade the vas;. rence of ep1phyt1c mlcroflora have been given

cular tissue of the plant resulting in infection ofi (Blakeman ‘and Biodie, 1976; Kaheda, 1986; Leben,

the stems, pods and seeds (Wilson and Lindow, » 19%5; Leben et al., 1965)” Some ‘of these mi-
1993). The worldwide distribution of this patho-_= cro- organ1sms are deposns of a1rﬂora or result from
gen is in part associated with its ability to infect ) the’ act1v1t1es of insects or ammals The m-depth explo-
seed. Control of common bacterial bl1ght is dif-. ; ratlon ‘of ep1phyt1c mlcroﬂora on ‘various ‘crops have
ficult because of the seed-borne nature of the r' st1mulated an 1nterest in managmg m1croﬂora for-dis-
pathogen. Short term control measuges include,: - ease control There is an extenslve litérature on antago-
crop rotation, the use of pathogen free seed pro- .. nisti¢ 1nteract1ons between ep1phyt1c m1croﬂ0ra and
duced in dry areas and use of resistant varieties, -; T plant pathogens leadmg to the need for explormg the
(Wilson and Lindow, 1993; Zaumeyer and ° use of such antagomstlc initeractions ‘in biocontrol of
Thomas, 1957). plant pathogens (Elad and K1rshner 1993 Leben
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1964; Pandey et al., 1993; Punjar, 1997; were kept cold at 8°C in the refrigerator untj]

-Reinecke, 1981; WllSOl’l and Lmdow 1993). (Fprocessed within 24 hours.

“Moreover, i Lbrologlcal coritrol Bf. plant ~disease i8/:37.. Z Flowér* buds,yblossoms Mlat and: bumpy
half grown) pods~were shaken forf30 _Mminuteg

currently receiving increased- research efforts .- b
(Balanger, et al., 1994; Hussain ef al 1994; in 40 rnl of 0. OlM phosphate buffer contammg
Laha et al.,, 1992, Pandey et al., 1993, 0.01 percent Tween 20 on a horlzontal shaker
Utkhede and Smith, 1993) to reduce the use of set at a speed of 75 x 1.5 - inch strokes per min-
“Chiemical:pesticides-in-agricultiralisyStenis™ ~niite. Thé resulting:Washates-wérezdecimally dj-

~(Johnson;—1994) and the-environment-in-gen--—. luted .in-the. same buffer.and.0.1.ml aliquots
eral. Biological control has become an impor- from each dilution were plated in triplicate on a
tant  component, of the mtegrated pest, manage— non-sective yeast extract carbonate agar (Yc A)

ment systems (Agmhtrz 1992 Punja 1997) S “(g/L d1st111ed -water: yeast ‘extract (DIFCO)
Many pathogens 1nclud1ng X.%’; pv“ s “‘10 0% ca1c1um carbonate 2t 5 “bacto-agar
phaseolz grow in’ a non pathogemc fes1dent x(DIFCO) 15 0) Inoculated plates were incu-
phase as| eprphytes on ‘the’ phylloplane of hos <Y bated at 27~ : ~1°C for' up o 5 days Smgle bac-
and non host plants (Leben '1965; Parashar ‘ 1ter1al' colomes of- presumed bacterlal eplphytes
1993) Bacter1al antagomsts 1solated from res1— baséd on’ colony morphology “and® color wére '
dent m1croflora populatlons ‘would seefn’ to be . ““further’ pur1f1ed by a”serres ‘of transfers on
good candldates for controllmg‘follar d1seases3 : YCA Pur1f1ed ep1phyt1c bacterla were main-
e 1nteractlons between C Pt tarned in’ phosphate “buffer: -(0.01M, pH
phaseolz and resident bacterial mrcroﬂora on- 7 2)/glycerol (40%)) mixture at'5 - 8°C ‘Prior
bean plants have not received much attention’™" ' to use, epiphytic bacterial-isolates were ‘streaked
Thus 2 clear, understanding of such interactions__..~on Nutrient.Broth Glucose-Agar (NBGA) (g/L.
is needed to determine the potential of ep1phyt1c distilled water: Nutrient broth (DIFCO) 8.0;
‘bacterial flora for control of common bacter1al ~ glucose 5:0, bacto-agar (DIFCO) 15.0) and in-
blight. cubated at 27 + 1°C for 5 days.
s Therefore, - the 'objectives of :this study: were
to' isolate*épiphytic bacteria from seven.bean ge—'. - Pathogenicity tests
notypes and.to evaluate their potential for - T

biocontrol ‘of.commen. bacterial’ b11ght of beans i All epiphytic bacteria isolated were ‘tested
~.7n‘-‘ IR a't'. IR TN - for pathogenicity on variéties Canadian Wonder
and Charlevo1x Bean seedlings of the test vari-
;Ma-terlals and Methods : eties were ‘grown 'in the greentiouse and. inocu-
lated-when possessing-two trifoliolate leaves
Eplphytlc baCterla (14-20"days old). Epiphyticibacterial suspen-

sion’s‘Were'prep'ared from 24-48 hr-old NBGA
cultures using-0.01M' phosphate buffer, pH 7.2.
The: suspens1onSAwere -adjusted using a

Ep1phyt1c bacter1a were obtamed from re-

'productlve t1ssues of seven bean genotypes ,”
(Valley " I 84100“ Plnto Ul- 114 Cranberry Tay 331 Spectromc 200 colorlmeter (Bausch ‘and Lomb
lor Hort Charlev01x C 20 and Black Magrc)) 5 Company,’ NY ) tolan opt1cal density of 0.1 at
grown m the field at Sokome Umversrty of Ag- aft 620, nm ((ca 1.7 13.9°% 107 c6lony:forming
r1cu1ture Morogoro Tanzama using a. com— units (CRU)/ml). Bean seedlings were inocu-
pletely randomlzed des1gn w1th four. repl1ca- %2 lated with-edach-isolated eplphytic bacteria by in-
{ions, Flower buds, blossoms ﬂat and. bumpy” . filtrating the cell suspens1ons dbaxially by
pods were assayed for presence Of . press1ng the. end’ of:a 3¢t d1sposable
non- pathogemc eplphytlc bacter1a At flower 7 pre- -sterilized” hypodermrc syringe against the
bud forrnatlon samples of. 25 ﬂower buds were . - forefinger: supported leaflets and slowly intro-
taken at random from eaclh repllcatlon us1ng ¢ ducing in suspensions of epiphytic bacteria.
steam sterilized forceps and placed in 'sterile’ Pathogenicity tests were done twice using four
glass test tubes. Similar sampling procedures bean plants for each bacterial epiphyte. Positive
wereused for:blossoms.and pods. Samples and negative control bean plants were inocu-
lated with X. a. pv. phaseoli and sterile phos-
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hate buffer, respectively. Inoculated-plants
\P;/ere maintained in the glasshouse with temper-
- ranging from 25 to 30°C, and observed

el om development up to 16 days.

daily for sympt
In vitro screening for antagonism

Epiphytic bacteria isolated from-bean repro-
ductive parts were screened in vitro for antago-
npistic activity to X. a. pv. phaseoli and the
brown pigment producing variant X. a. pv.
phaseoli var fuscans from the laboratory stocks,
using the overlay method (Pointius, 1983).
NBGA was used for both the uppet soft layer
and the lower layer. Inoculum for overlays was
prepared by washing 24 to 48 hr-old NBGA;

cultures grown at 27 + 1°C, with phosphate .

buffer. Suspensions were adjusted
turbidimetrically to an optical density of 0.25 at
620nm. Decimal milliliter portions of suspen--
sions of X. a. pv. phaseoli were mixed with:4.0-
ml of soft NBGA at 44°C and vortexed-for:10,
seconds at medium speed to obtain a-uniform;
distribution of the pathogen, and immediately,
poured onto a 10 ml base layer. in-sterile. petri:
plates. Inoculated plates were left in the laminar,
flow transfer chamber for 30 minutes to dry;
After drying, 4 droplets of 2 1 volume of.each
epiphytic bacteria were spotted onto X. a. pv.

phaseoli - inoculated plates, incubated at 27 + .
1°C and observed for three days for presenceé of *
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Characterization of epiphytic. .. -
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 ez al.,
1964).

In vivo screening for antagonism

Epiphytic bacterial isolate which inhibited
growth-of X. a, py. phaseoli inyitro were tested
for; ability to,reduce commonblight.disease se-
verity in the greenhouse. Bean plants, ,yarieiy
Charlevoix, were grown in-the .greenhouse in
10 cm diameter cla)/ pots (one plgn_tvpgr:po't)‘in
a 3:1 mixture of soil: vermiculite, respectively.”
Inoculum was prepared from 48 hr-old.cultures.
grown on NBGA miédium as earliér described

" and adjusted to-contain ca; 2 x,107 GFU/ml as

estimated by platedilution counts. Test; plants;
were sp[ay:iqoculaﬁed~wiﬂ1 ,cpif)hytic bacter;ig to-
run-off-without- waterssoaking, at 2:day-inters;
vals starting from, when plants had 2 trifoliolate:
leaves.: Control plants were spray-inoculated-
with sterile phosphate buffer. Four tr,e‘atgnen\ts'»,',
each replicated 5 times were used as follows:

Wtrgja_tr.ne_r;ft_s?l _=.control, plants sprayed with
" phosphate buffer; 2 = plants sprayed once with

inhibition zones. Rating was done following thelut:>antagonists individually:2 days before-inocula-

procedures of Pierson and Weller (Pierson and -
Waller, 1994). The size of the inhibition zones
around each epiphytic bacteria tested was used -
as a measure of the ability of that strain to in-_ ;
hibit X. a. pv. phaseoli and the fuscans variant, :..

tion with X. a. pv. phaseoli; 3 = plants sprayed
_twice with antagonists'}a‘t 2-day intervals (2 and

T4 days before inoculation); 4= plants sprayed
..three times at 2-day intervals (6,4 and 2 days
=~pefore inoculation). After the last treatment

and was scored as - = negative, no inhibition " i+ with antagonist$,'i¢s_t pla’ﬁts were challenge

zone and the pathogen overgrew the epiphytic

bacteria strain; + = a distant inhibition zone -
with the pathogen growth inhibited less than 6. .
mm from the point where epiphytic bacteria

were spotted; ++ = a distant inhibition zone -
with pathogen growth inhibited 6-10 mm from

point where epiphytic bacteria were spotted.

phosphate buffer. For each epiphytic bacterial
1solate four experiments were conducted, each
replicated three times.

,_;spray—inoculated'With_X. a. pv. phaseoli ta
run-off without water-soaking. Inoculated
plants were maintained at a temperature range
of 24-30°C and observed-for common blight
_sj"mptom development or ciaily basis. Dise;ése
assessment was done at 10,-14 and 18 days after

" inoculation using the CIAT (1987) scale of 0-9
The control plates were spotted with sterile -

where 0=immune, no symptoms; 9= plants
dead or nearly so and 50 percent or more of the
leaf area covered with lésiith. The experiment
was repeated twice. o ’

/
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Data analysis’

Data analysis was done/using MSTAT-C.
Data from:the threésexperiments were pooled

for.analysis.of ivariance(P s 0.05) and
Duncan’s :new-multiple range.testwas uséd. to

separate difference$ betwéen means?: ;) :.arn2
GRU T e LRt sk ot s v g
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Results
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Pathogemcrty tests e

o A total of 22 ep1phytrc ‘bactetia'\ were iso-
lated“from reproductlve parts of 7 bean- geno-J
types“and tested for pathogemcrty on béan vari-
eties Canadiafi- ‘Wonder and Charlevorx All 22
1solates were'’ non—pathogemc on the tested bean

plants (Table 1). ' L

T
R = 5 . e
‘.cQ S gy cfiea « :

Tra e U
In wtro screemng for antagonrsm

- Oflie 27} bacterlal eprphytes isolated: and
testéd individually-fof in vitro‘inhibition of X. @:
PV. phiséoli strain'MI:7 and X. &. phaseoli var.’
fuscans’stram MI:5 only 3 isolates Were: posi
tive ‘(Table 2): Inhibition zones were observed
around ‘¢olonies of the epiphytic bacterial-iso-:

lates 4.8 and 13 w1th 1nh1b1t10n zones of 2, 1

v,\

6'5° and"6 3 mm ‘respectlvely (Flgure 1A & B).
These stf4ins were 1solated froth ﬂower buds,
blossoms' ahid- flat pods Isolfte No.'8 Provideq
larger- inhibitidn zones fhar the dther two iso.

lates that were pos1t1ve for antagonism. AJj

three” bacterlal ep1phytes equally Suppresseq
growth of X. a. pv. phaseoli-strain MI-17 apq
Xeva. PV VAT, fuscans strain-MI- 5'(Table 2).
These ohservatlons wer€ cofisistent over all foyr
experlments conducted POn the basis of these
results, strain ‘No' 8 performed the best of a]|
the’ three'bacterial eplphytes tested. Effective
ep1phyt1c ‘Bacterial isclates were used in further
experrments-m the glasshouse L
S ENL TSGR N AR

i T

Characterrzatr)on and 1dent1ty of
eprphytlc bacterral antagomsts

“ The 3 epiphytic-batterial antagonists were
sub)ected to physlologlcal and biochémical tests
for identification.’ Stram No: 4 and 13 were
idenfified -as Bacillus" spp. based on positive
Gram reaction, ‘facultatively anaerobic, spore
formrng rod- shaped cells, non- -pathogenic to
beari dnd: produced no hypeisSentive reaction on
tobacco: ‘Sttain’No 8 was identified as Pseudo-
niohas ﬂuorescens “This straif"was Gram nega-
t1ve rod, aerobic,’ produced ﬂuorescent -pigment

v Ty

P prmae T =

Table 1 Orlgm and pathogemcrty tests of eplphytlc bacterla used in the current study

Isolate Number

Source (genotypes)

”'l’"

Lsgla_t_ed ‘From~

“?_,__,___Pathgg_@nlmt_x____qn,,,bean__*__._

N T2 e v

‘,3' s -+ Black Magu © T _‘l!ilpssoms ~ - saee ;
2 “ ” Black Maglc el . , Blossoms .-,
N e ' .  Fower buds .
| SRR ; R - o
L * -~ L _- Blossoms
“’5 -'_ - . L Ftleerhuds -7
6 S R e i t,Fléwerbuds v
T -l . . . Cnnberry Taylor Hnrl L _Bnmpypods st
. 8 . Crdn.bcrry'l'dylorHorl . , Flnpods njae
9 e ** *Pinio UL1I4 N T Féwerbuds
- 1012 ’ 4t ¢ Charlevoix- 4.s - r = Blbssoms .
S L Y L sy i L, s * Buimpy pods”
S e Pl
13 . Valley .. . .Flower buds .
':ll_i‘ ) : ; V‘a’lley. . - ) '.. Bt ! Blosst)nls
IRTRE S raeiod - ' - Blossoms ,
T T . 18400 e Bosoms
17, Sy 184100 R CE o Flowerbuds-'l;
B, 184100 . , Blossoms [eis
Dt lsuoo " Flat pods -
o T el e Flat pods
u Pinwo Ul-114 < TS o % Bumpy pots
2 D Black Magic Bumpy pods

Y - s
Ypathogenicity was tested by infiltrating leaflest of bean plants of varieties Canandian Wonder and Charlevoic with bacterial
suspencions adjusted to an potical density of 0.1 at 620nm (ca.1.7-3.9x 107 CF U/ml). Z=Non-f)athogenic, negative host reac-
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not pathogenic on bean and produced no hyper-
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on Kings e al., (1954) medium B (KB), was

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
on X. a. pv. phaseoli, greenhouse experiments

~-were conducted. Results from greenhouse ex-

periments are shown in Table 3. On the basis of

these. experrments bean plants treated four .
trmes ‘with antagomsts before challenge 1nocula: )

tion with X. a. pv. phaseolt had srgmﬁcantly re-
duced common blight disease sevérity (P =

.0.05) forall the three-epiphytic bacterial antag-

onists used (Table 3). Compared to the phos-
phate buffer - treated controls, ‘bean plants

treated with epiphytic bacterial antagonists hiad
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 cop.
trol plants. Control plants which received phos.

- phate buffer were affected by the disease mucp

more rapidly and more severely than plantg
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
,;attentron Based on results.from the current in-

vestigation, it is hypothesized here that
epiphytic bacterial on bean plants may play a

-role in suppression of common bacterial blight
_disease, The study has demonstrated that part of

the eprphytrc microflora 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 Pseudomonas Fluorescens (8) on the development of commeon

bacterial blight on beans in the greenhouse.

Antagonist identity number, Treatment Number®

Disease severity rating/Days after inoculation*?

10 14 18

4 1 . 4.1a 712 8.5
2 4.7 6.92 7.7ab
3 3.3 43b 6.7bc

4 1.8b 3.1b- 6.5¢

8 1 5.2a 7.2a 8.3a

2 4.1a 792 8.5

3 3.7a 7‘l(l)a 7.9a

4 1.0b  3.6b 4.7b

13 1 67a  84a 8.92
2 4.7ab 7.3lab 8.5ab

3 5.5ab 7.82b 8.8

4 2.9b 6. S‘b 7.9b

*Treatments: 1=Control, plants sprayed with phosphate buffer; 2= plams sprayed once with antagomsts two days before inocula-
tion with X.a.pv. Phaseoli; 3 = plants sprayed twice with antagonists at 2-day intervals two and four days before inoculation; 4 =
elams sprayed three times at 2-days interval (2,4 and 6 days before inoculation). ,

Disease was rated on a 0-9 scale: 0 =immune, no symptoms, 9= plams dead or nearly s0, 50 percent or more of leaf area covered
wrth 1ésions. Data ‘are means of three experiments.” =~ " * -~ - RN SO VRS U R0 S e

for each bacterial antagonist, means within the same column followed by the same letter arenot sngmﬁcantly différent (P=0.05)

accordmg to Duncan’s new multiple range test. .-~



st X. a. phaseoli, only 3 (isolaFes) were
for such activity. These were ¥dent1ﬁed
fluorescens and Bagzll?s ng.p.
otential use of these bacteria for bio-
'lrc;hgl;i’a;h:oitrol (t)tf cg:)r:lmon bacterial blight of
es attention.
beagstr(;e:lzr‘(l)f Pseudomonas ﬂuoresgens have
frequently been suggested and used as important
natural antagonist of plant pathogens. These
bacteria have been considered‘very useful, par-
ticularly to microbial suppression qf the take'-z'lll‘
fungus Gaeumannomyces graminis var. tritici
following wheat monoculture and in va‘rlous ex-
periments with other pathogens (Hussalq etal.,
1994 Pierson and Waller, 1994; Schippers,
1993; Wilson and Lindow, 1993). The bacteria
is commonly found in the soil and also can com-
pose 2 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
workers 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-
tagonists to control common bacterial blight in-
fP:Ction may be related to the production of anti-
biotic substances. This work has also revealed
that the higher the population of the biocontrol
agent on the phylloplane, the better the control
of disease (Table 3). However, further detailed
Population dynamic studies of P. fluorescens

ity again
positive
as Pseudomonas

Epiphytic bacteria and their potential for biocontrol 25

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 er al., 1994). Gueldner et al.,
(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 1). .
Understanding the actual mechanisms in-
volved in the biocontrol of X. a. 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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