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SUIVAPF F'PCJEv FINDINGS 

i. The degree of vi ulence of 12 isolates of JR:i-ocrznLa -olxiJ obtainedfrom bean arems fr=m different regioJn of Cceta Rica waa deteirmLited, 
AutAclaved .ota Id eoil wee,,... .,larwith ag!haee,weo vzlgr-'is culu of th ftu andvar. Negro Huaete-c. were planted two days after ocil
inoculaticn WitJ2 the funT-z. Si -if.cantdi.......er 
 were obaezved in ste,leng'th au.d infection index. Isclate R4, from Rceario Carlos,de San AlaJuelaProvince was the moat viralent strain while R10 from Canas Gcrdas, Coto Brus,was the least virUlenlt. The moCt vilulent etrains were ue.-d in exerimenrts 
descrlbed below. 

2. Strains of Ri.A.)iurn l i2wJ'x.rtx) blcvar, yi.txe..,1J (Bip) were scr-e-nedfor antagonietic activity toward Lhe rcot-rot. fhdc:ge.hxiccr,4 2 ,... e
Four scree.ning techn1quLe were CcmPa:ed: str.k plates, dcuble-layer plates,autoclaved cultu-e filtrates, znd fiter-teriied- culture fILtra"'es,Bacterial straiie idlentified is an-rgcnlisuic h a given screi-ning nmeth:od were conaistently identified aa antagonistic when tested with the otheracreening tecahniques, althcugh the type of ct-agoniam detect,:d may heve varieda&ong techniques. Me autoclaved spent-medtun techniique wae dete.mined to bethe moist rapid and reliable method, This method is particularly useful sinceit allows for quantification of the degree of inhibition based on fungalbioiase production. Nine RIP strains were found to inhibit R. so2a 1 biomassproduction by at leat 50%. In gre-enhouse trials, incculation of H2.t11uvulgzu-xs seeds witl Rip 574-127K17, the beat antagonist, increased seedlingsurvival by 20.30. S&lectiai for antagoniatic hi otIi.m species and seedinoculation with these nitrcgn-fixinig bacteria may provide biological control
of seed and root diseases of leguminous plants, 

3. Common beans, Fhaseolus vu2 w-a, are often inoculated with RhizoWau
1w2)Jlt-&9r.L biovar. pJwwll (RIP) to alleviate the need for extensivenitrogen fertilization, Because rhizobia ane competent rhizosphere colonizers,are frequently capable of survival in the soil, and are kniown to producebacteriocns and iron chelating compounds (siderophores), rhizobia have thePotential to reduce the severity of seed and root decay diseases. Little isknown about the interaction between rhizobia and root pathogens in therhizosphere and the effect on plant health. The objective of this set ofexperiments was to compare the ability of Rip strains to reduce the severity
of seed decay and damping-off of P. vu2&arls. 

The approach used was to ecreen rhizobia for their ability to inhibitbiomass production in laboratory culture by ~tfi .xiolv2,vi a rootpathogen 
ZX a

of commn beans, The funas was inoculated into nedia in which the-i'-had been previously grown and removed. Prior to fungal incx--ulaticn,supplemental sugars were added to the spent media to eliminate carbon and 
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energy lim tat -=3. Those ER.i!Vbiu, strains which zeduce.i the fungal biomassby at least 50% were ccnsidetred t,) e biibitory, while those strains thatinc-ease3 gr1owth greater 115% wereby than ccnsidered to be atiulatory.Forty-nine Ri.L=illm strains were tested with aix different fungal isolates.
Six of the stains were inhibitory, while 6 were stimulatory. 

After tihe inittial screening, several h:Uibitory and stimulat ry rhizobiaUere exmined for the production of fluorescent yigment4 on King'e medium B(K1_), used to detect the pncducticn of water-soluble, yellow-green pi-entsthat are characteristic of sideorijihcs. The K.3 wa:s amended with manitoland vitamin to allow for MJzx,1Zlj growth. Only Milzobitu strains capable offugal inhibltion proluce-d a fluorescent pien=t. However, not all (2 of 6)inh.bitcry stra ie Produced pigmtent. The add-tion of 1. '1 IM FeCl to KI3lowed for ty-pical f=,ga2 colo.y fc.naticn, while grzowt-h n K.% was limitedby the pigment-prxuci-rg rhlzoblia; side.-phcre rducticn by te pignantproduciiz rhizobla may be res9onsible for the inhibition obae-,ed in spent
culture media. 

Several strains that exhibit-Ed the greatest degree antagonismof andfluorescent pigment pyn.duction and strain that enhancedone fungal bicmassproductin ;ere used study theto effect of rhizobia cn disease severity ingre-nhouse trials with P. vulaaris. Five treatent-s were used in eachexperiment: (1) no ThiJi,ubir)or fungus, (2) fungus plus the fungicide, captan,(3) fungus only, (4) tiwbiuw only, and (5) fungu s plus 2Lzbi~. The numberof seeds which germinated, number of seedliLgs surv1ing to 28 days, diseaseseverity, and foliage dry weight per pot were debermined. 

Seed inoculation with 574-127K17 did not protect the, seed from decay,however, for those seeds that germinated, seedlig survival was significantlyenhanced, For strains 573-127K14 and 576-2535, incuation with theserhizobia decreased both the icidence of dampinZ-off (increased seedlingsurvival) and the index of disease severity. With strain 4022, a stimulatorystrain, dise-ase severity was significantly greater in the prezence of the 
Md2.Lblim. 

The results of these experiments sugest that screening of RJizvbjaibinoculnts for thieir effect on seed and root disease may be as critical asscreenJig for effectiveness (N2 -fixation) and competitive ability (nodule
occupancy).
 

C Because a primary goal of lThlobitm ecolcy is to understand whatfactors determine strain survival in the rhizosphere and success in noduleformation, the competitive interaction between strains of Rhltoblm1ej~in.wj biovar phaseoli in the rhizosphere of Thaeblt.L vulgzqris wasexamined. We attempted to examine the effect that genetic relatedness of theRlp strains has on the severity of competition and on the pattern ofnoduliticn at harvest. Six isolates of RIlp of known genetic relatedness wereobtained. Genetic relatedness was based on electrophoretically detectableal~elic variation at 15 enzyme lcd and ranged from 20% to 87% 
 similar. Allsix strains were found to be infective and effective on P. wz'4mrl L. vat.Duchess. Al thoigh the strains selected were in general geneticallyheterogeneous, the polyclonal fllorescent antibodies produced for this studylacked the specificity necessary for differentiation of the test strains. It 
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is rccmmended that 6-enetic prob^ technolcgy 'e employed for future studieswhich require enumeration of related Fhi.z'blim atrains. This technIque is more
specific and morev sensitive than iMMunofluoresnce techniques, 
5. The effect of pH on competition%for nodule oxcupancy by Rlp type 7 andtype II straLns was also eaamined. A nonsterile aoil systemr was used toexamine thie competitive abilities of type I and type II strain undermoderately acidic mid circLumneutral conditions. Nodule occupancy, ncdulenumber, ard plant yield were detamine-J. Additionally, the rhizcsrherepopulations of ccmpeting type I ad type II strains were monitored during thnefirst ten days following incculaticn. The results indicate that soil pH ca.nifluence which syrmbiotype of Rip will competitively r.odulate beans and thatthe observed pattenis of ncedfule ccv-'qrcy were not relate. to the relativenmbIers or specific growth rates of mpetii-z strans in the hcst rhi 20 sphere
prior to noc>ulaticn. 

6. To de.te.r.ine the ccmbinations of environmental variables that inflUencethe geographic distributiin of indigenous pop.ulations of dibizcoblur2egR&,%%w-=a blovar phaseoli (Rlp) in Cota Rica, soil samples from 47 sitesrepresentir g a wide range of soil tytpes and climate conditions were collected.At each sampling lcaicn, tw soil samples were collected; one from a fieldplanted with beans the other frm aauid field that had not been planted withbeans for at least the past three years. For each field, the agriculturalhistory was obtained from the farwer and climate datza were obtained form theInstituto Climatoloaioo Nacional including rainfall distributicn, mean annualtemperature, meAn maximum and mean minimum temperature, and mean daily hoursof light,. A ccmplete s,,il analysis, includilg texture, oraaxic matter, pH, ,Ca, Mg, K, interclangeable acidity, Fe, Mn, Zn, and Cu was done forsample, The numbers of Rlp were determined by 
each 

a mct probable number techniqueusing the bean variety Negro Huaste co. A separate principal component analysiswas done to relate the almndance of Rip to soil, climate, agricultural
practices and biological factors. 

The major correlations observed between RIp abundance and environmentalconditions were: 1.) a negative correlation with organic matter, Fe, and Mnconcentrations; 2.) a negative correlation with K and pH; 3.) at bean sitesonly, a positive correlation with the use of fertilizer and a negativecorrelatime with slope; 4. ) at non-bean saites only, a positive correlationwith herbicide and flooding; and 5.) a positive correlation with the priorpieence of beans, the presence of nodules at sampling time, theand totalbacterial cxunts. Factor 5, was expected because a preliminary examination ofthe data in which a t-teat was used, revealed a significant difference(P<O. b) in RIp abudance between bean and non-bean saites, Mean values of 5.6x 104 +/- 1.1 x 10 cells g of eoil-1 at bean sites, and 1.8 x 10 +/- x4.5103 cell g eoil -1 at non-bean sites, A strong correlation with climate was notobserved, however, some of the Rlp variation at bean sites was positivelycorrelated with temperature and daily hours of light, while at non-bean sitesthe opposite was olverved. The geographic distributions of each of theseCorrelations was prepared: a more
for 

regional distribution of RIp was observedsoil and climate variables, while a patchy RIp dit tri.ition was observedfor most agricultural practices. This work is the first study to attempt toexamine the geographic distribution of a non-spoze-forming soil bacrerium, andto determine the enviroimental conditions that affect that distribution, The 
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correlaticns mentioned above provide isizht into the combinations of 
variables that may be critical to understanding the mec ims that determir.e 
indigenous RIp distribution. 

PAPERS PlSHM AND FREMWATICNS 

Pbhished Manuscripts 

Frey, S.D. and L.K. BlM. 1994. Effect of pH on competition for nodule 
cccupazzcy by type I and type II atraine of FJiiobjim legmintamm
biovar. piaeeoli. Plant Soil 161:1-6, 

Blum, L.K., S.D. Frey, ead G. Soto. 1990. The effect of a fluoretc-nt pigennt 
prc ucing RhLzob:oijw on the severity of ±J2jcr1w/.L ,.il seed and 
roct rot of Thv.ss.1us lgzw-!s. In: Kiester, D.L., and P.B. Gregar
(edts.), Me Mizosphere and Plant Growth. Kluwer Academic Publishers, 
Netherlands. 

Blum, L.K. a.d C. Ramire-. 1990. Microbial antaon:!m: the potential for 
selected stra-bis of 1hVJ~obJtz to in1iibit legm e root pathogens.
Proceedings of the International Biological Nitrcgen-fixaticn
Workshop, BCSTID, Ames, Iowa. 

Soto, G., and L.K. Blum. 1990. Geographic distribution and environmental 
Jiite±ationa that affect the ahundmice of Milwblia e& r 
biovar. phaseoli in Costa Rica, p, 434. In: Gresehoff, P.M., L.E.
 
Roth, G. Stacey, and W.E. Newton (eds.), Nitrogen fixation:
 
achievements and objectives. Chapmi and Hall, New York. 

Umana, F.M. and L.K. Blum. 1990. Virulencia de aislamientcs locales de 
M xlarv.la solal en frijol (Raseolus igarls) en invernaderol. 
Agronomia Cztamcense 14:247-250.
 

Preaentaticns: 

1990: 	 Microbial Antagonisms: the potential for selected strains of 
Rb.Lz.,Wu to inhibit legume root pathogens. Biological Nitrogen 
Fixation Networking Meeting sponsored by the National Research 
Council (BOSTID) and U.S. Agency for International Development
(PSTC), Ames, Iowa: 

1990: 	 Geographic distribution and environmental interactions that affect
 
the abumdance of 2Lioblla 1e~'umin&uvm biovar. phaseoli in Costa 
Rica. 8th International Congress on Nitrogen Fixation, Knoxville, TN. 

1989: 	 Effect of a fluorescent-pigment producing Mihzibium on the severity 
of 91-vtoUi m seed and root of vW!wa I.so i rot Mhaseolua 
Beltsville Symposium XIV. The Rhizosoiere and Plant Growth, 
Beltsville, MD. 

4 BEST AVAILABLE DOCUMENT
 

http:xlarv.la


1989: The effect of fizbm, j*a&ei on the severity of Rhimtonia
SOlaIi seed and root rot of Rjase)us ul2gu'is. Amer. Soc. Micrcbiol.
Annual Meeting, New Orleanl, LA. 

1988: The Potential for selected strains of Rhizobit to .lnibit the rotrot Vlthcgeln, NJ-,x-ctc2a &'lni. Amer. Thytopathology Socxiety, San 
Diego, CA. 

aE IER= ad LEM S AWARM: 

Floribeth WM)ra, MS degive, Universidad de Costa Rica, 1990. 

Gabriela Soto-M~noz, 1S degsee, Uiversity of Virginia, 1992. 

Serita Frey, 14S degree, Univer-ity of Virginia, 1992. 

No. of wmen supported: 4 (including P.1.)
No. of men supported: 1 
No. of Costa Ricane citizenm supported: 3 
No. of USA citizens supported: 2 

BEST AVAILABLE DOCUMENT
 


