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SUMMARY QF PRCJECT FINDINGS

1 The degres of virulence of 12 isclates of Akizoctonia zoland obtained
frem btean stems from  diffarent regiong of Costa KRica wsa detarmined.
Auteclaved pota and zoll ware inoculatad with agar cultures of the Pungus and
Fhaseolus  wulgaris var., Negro Huas=ecsn wers clanted twe days after sacil
Incculavicen with the Awgus, Sigiicant difZsrances wers observed in stem
length and infaction index. Isclate R4, from Kesaric ds San Carlos, Alajuela
Province was the most virulent styain while R10 frem Canas Gerdas, Coto FBrus,
wag the least virulent. The mcat virulent atrainrs were uzed in experiments
described below.

2. Strains of Rhizedbfum legumincsarum Sicvar, thageoll (Rlp) were gcr~ened
for antvagenistic activity toward the rCCt-rot rathogen fhiscononia  selani.
Four screening techniques were ccmpared: Jtrsak plates, deuble~layer plates,
auteclaved  cultire filtrates, ond fillter-sterilized culture filtrates,
Recterial atraine identified as antaxcnistic with a given acreening method
were conslstantly identified as antagonimtic when tested with the other
screening techniques, althcugh the tyve of antagenism detected may heve varied
anong techniques. The autoclaved spent-medium technique was determined te be
the most rapid end reliable methed. This method is rarticularly useful since
it allows for quantification of the degree of inhibition based on fungal
blomass preducticn. Nine Rlp straing wera found to inhibit R. so0land bicmass
production by at least 50%. In gresnhouse trials, incculation of Fhaseolus
vulgaris seeds with Rlp 574~127K17, the beat antagonist, increased seedling
swrvival by 20.3%., Selection for antagonistic Rhizobium species and seed
incculation with these nitrogen-fixing bacteria may provide biolegical control
of seed and root diseases of leguminous plants,

3. Common  beans, Fhaseolus wulgards, are often incculated with Rhisobdum
Jesumimossrum biovar, phaseols (Rlp) to alleviate the need for extensive
nitrogen fertilization. Becauae rhizobia are competent rhizosphere colonizers,
are frequently capable of swrvival in the 3oil, and are knowm to produce
bacteriocins and iron chelating compounds  (siderorhores), rhizebia have the
potential to reduce the severity of seed and root decay digeases. Little is
lmown  about the Interaction between rhizobis and root pathogens in the
rhizosphere and the effect on plant health. The objective of this set of
experiments was to compare the ability of Rlp strains to reduce the severity
of seed decay and damping-off of P, vulgaris.

The approach used was to screen rhizobia for their ability to inhibit
biomass preduction in  laboratory culture by Rhlscctania solani, a root
pathogen of common beans, The fungus was noculated into media in which the

som st ¥7OtIR " "had been previcusly growm and remcved, Prior to fungal incculatien,
_ ... tupplemental sugars were added to the spent medis to eliminate carbon  and
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eergy limitations. These Abizobium atraing which reduced the fungal bicmaes
by at laast 50% were considered to e inhibitery, while those atrains that
increased growth by greater than 115% were ccnaidered to be atimulatory.
Forty-nine Rhizohiuw atrains were tested with aix different fungal isclates.
Six of the staina were inhibitory, while 6 were stimulatery.

After the initial screening, several inhibitory and stimulatery rhizobia
were examined for the production of fluorescent pigments on King's medium B
(RMB), used to detect the production of water-soluble, vellow-green pilgmentas
that are characteristic of siderepheres. The M3 was amended with mannitoel
and vitaminas to allow for Rhizobium growth. Only Rhizobium strains capable of
furgal inhibitien produced a fluorescent pigment. However, not all (2 of 6)
inhibitcry straine produced pigment. The addition of 1.7 1M FeCly tc XKMB
allewed for typical fungal coleny formation, while growth on XMB was  limited
by the pigment-preducing rhizobia; gldercrhere preductien by the rlgment-
Froducing  rhizobla may be responsible for the innibiticn ctgerved in erent
cultwe media.

Several straine that exhibited the greatest degree of antagcnism and
fluoreacent pigment production and cne strain that enhanced fungal bicmass
producticn were used to atudy the affect of rhizcbie cn diseage severity in
greenhouge  trials with P, wuldgaris, Five treatments were used in each
experiment: (1) no Rhlzobium or fungus, (2) fungus plua the fungicide, captan,
(3) fungus only, (4) Rhizobium enly, and (5) fungua plus RALsobium, The number
of sesds which gemminated, number of seedlings surviving to 28 days, disease
severity, and foliage dry weight per pot were detarmined.

Seed inoculation with 574-127X17 did not protect the seed firom d=cay,
however, for these seeds that garminated, seedling survival was glanificantly
enhanced., For strains 578-127K14 and B76-2835, inoculaticn with  these
rhizobia decrsased both the incidence of damping-off (increased se=dling
survival) and the index of disease severity. With atrain 4022, a stimulatory
strain, diseass severity waa slmificantly greater in the presence of the
Rhizobium.

The results of these experiments suggesat that screening of Rhizobium
inocuiante for their effect on seed and root disease may be as critical as
screaning for eoffectiveness (No-fixation) and competitive ability (ncdule
occugpancy) .

4. Becauge a primary goal of Rhizobium ecolegy is to understand what
factors determine strain swvival in the rhizosphere and success in nedule
formatian, the competitive interacticn between strains of Rhicobium
leguminosaruw dbiovar phaseoli in the rhizcephere of Fhaseclus vulgaris was
examined. We attempted to examine the effect that genotic relatedness of the
Rlp s*traina has on the severity of competition and on  the pattern of
noduldtion at harvest. Six lsolatea of Rlp of known genetic relatednesa were
obtained. Genetic relatedness was based on electrophoretically detectable
allelic variation at 15 enzyme loci and ranged from 20% to 87% aimilar. All
8ix strains were found to Ba infective and effective on P. wulgaris L. wvar,
Duchess. Although the strains smelected werw in  general genetically
heterogeneous, the poiyclonal fluorescent antibodies produced for this study
lacked the specificity necessary for differentiation of the teat atrains, It
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is recemrended that genetic probe technolcgy be empleyed for future studies
which require enumeraticn of related Rhisobium 3trains. This rechnique le mers
pecific and more sensitive than immunoflucresencs technigues,

5. The effect of pH cn competition for nedule occuraney by Rlp type I and
type 1T stralns was alac examined. A nonsterile soil aystem wes used to
examine the competitive abilities of type I and tyre II strains under
poderately  acidic and  circumneutral conditicns. Nedule occupancy, ncdule
nupber, and plant yield were determined. Additicnally, the rhizcerhers
populations of compering tyre I and type II strains were prenitored during the
firat ten days following incculaticn. The resulss indicate that scil gE can
inflience which symbistyoe of Rlp will competitively ncdulate lLeans and that
e cbserved patterms of nedule ccLurancy Here net relatad to the relative
numbera or specific growth rates of cerpeting straing in the hest rhizcarhere
pricr to nodulation.

6. To determine the combinations of environmental variables that influerce
the gecgraphic distrilbution of indigenous  perulationa  of Rhizobium
lesuminosarim biovar phaseoli (Rlp) in Ceeta Rica, goil samples from 47 aites
repregenting a wide range of soil types and climata coenditions were ccllected.
At each sampling lccaticn, two soil samples wers collected; one frem a fielld
planted with beans and the other frem a field that had nct bteen planted with
beans for at least the past three years, For each fileld, the agricultural
history was obtained frem the farmer and climate data were obtained form the
Instituto Climatolegico Necicnal including rainfall distributicn, mean annual
Tamperature, mean maximum and mean minimam temperature, and mean daily  hours
of light. A ccmplete acil analysis, including texture, organic matier, pH, P,
Ca, Mg, K, interchangeable acidity, Fe, Mn, Zn, and Cu was decne for each
sample, The numbers of Rlp were determined Ly a mest probable number technigue
wsing the bean variety Negro Huasteco. A separate principal component analysis
was done to relate the abundance of Rlp to 80il, climate, egricultural
practices and biolcgical factors.

The major correlaticns ctearved betmesn R1lp stundance and environmental
conditions were: 1.) a negative corrslation with organic matter, Fe, and Mn
concantrationa; 2.) a negative corrslation with K and pi: 3.) at btean saites
only, a positive correlation with the use of fertilizer and a negative
carrelaticna with slope; 4.) at nen-bean aites only, a positive correlation
with herbicide and flooding; and 5.) a positive correlation with the prior
presence of beans, the presence of nodules at sanpling time, and the total
bacterial counts. Factor 5, was expected because a preliminary examination of
the data in which a t-test was used, revealed & slgnificant difference
(P<0. 20) in Rlp sbupdance betwean bea.rix and non-bean sites, Mean values of 5.8
x 10% +/- 1,1 x,10° calls g of soil™! at bean sites, and 1.8 x 109 +/- 4.5 x
109 2]l g soil™l at non-bean sites. A strong correlation with climate was not
obgerved, however, amome of the Rlp varlation at bean sites was poaitively
correlated with temperaturs and daily hours of light, while at non-~bean sites
the opposite was observed. The geographic distributions of each of these
correlations was prepared: a more regional diatribution of Rlp was observed
for scil and climate variables, while a patchy Rlp diatribution was observed
for most agricultural practices. This work iz the first study to attempt to
examine the gecgraphic distribution of a non-spore-forming 301l bacrerium, and
to determine the environmental conditions that affact that distribution. The
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correlaticns menticned abeve provide insight into the combinations of
variables that may be critical to understanding the mecheniems that determine
indigencus Rlp distributicn.

PAPERS FUHLISHED AND FRESENTATICNS
Published Manuscripts

Frey, §.D, and L.K. Blum. 1984. Effect of tH on coempetition for nodule
cccupaney by type I and type II strains of Rhizobiuw leg.mincsarin
biovar, phaseoli, Plant Soil 181:1-8,

Blum, L.K., S.D., Frey, and G, Soto. 1860. The effect of a fluorszcent plgment
preducing  Rhicobduw on the severity of Rhizcownuwife solani seed and
rect rot of Fhaseolus wilguis. In: Kiester, D.L., and P.B. Gregar
(eds.), The Rhizosphere and Plant Growth. Kluwer Academic Publishers,
Netherlands.,

Blum, L.K. and C. Reamires. 1990, Microbial antagoni=sms: the potential for
selected atrains of ARhizoblum to inhibit legqure root pathegoens.
Proceedings of the Intermational BRioclogical Nitregen-fixaticn
Workshop, BOSTID, Ames, Icwa.

Soto, G., and L.K. Blum. 1990. Gecgraphic distribution and envircnmental
Interactions that affect the abundence of Ridsoblup  lequminosqrum
biovar. phaseoll in Costa Rica, p. 434. In: Gresehoff, P.M., L.E.
Roth, G. Stacey, and W.E. Newton (eds.), Nitrogen fixation:
achievements and objectives., Chapman and Hall, New York.

Upana, F.M. and L.K. Blum, 1990, Virulencia de aislamientos locales de
Rifzoctanla soland en frijol (Fhaseolus vulgaris) en  invernadercl.
Agronemia Costamcense 14:247-250,

Presentaticns:

1880: Microbial Antagonisms: the potential for selected atrains of
flzobium to inhibit legume root pathogens. Bioclogical Nitrogen
Fixation Networking Meeting sponsored by the National Research
Council (BOSTID) and U.S, Agency for International Development
(PSTC), Ames, Iowa:

1980: Geographic distribution and environmental interactions that affect
the abundance of Rhisobium leguminossrum biovar. phaseoli in Costa
Rica. 8th International Congress on Nitrogen Fixation, Knoxville, TN.

1989: Effect of a fluorescent-pigment producing Rbizoldum on the severity
of Ruzectania soland seed and root rot of Fhaseolus vulgaris,
Beltaville Symposium XIV. The Rhizosphere and Plant Growth,
Beltsville, MD.

4 BEST AVAILABLE DOCUMENT


http:xlarv.la

1589: The erffect of Rhrizobium phaseoll on the severity of Rhiscotonia
soland seed and root rot of FPhaseclus vulgaris. Amer. Soc. Miercbiol.
Annual Meeting, New Orleans, LA.

1988:  The potential for selected strains of Rhizobium to lmhibit the reot

ret pathegen, Rhizoctawnia solani. Amer. Fhytopatholegy Scclety, San
Diego, CA.

STUDENTS SUFPORTED ard DEGREES AWARDED:
Floribeth Mora, NS desree, Universidad de Costa Rica, 1990,
Gabriela Sotc-Munoz, MS degree, University of Virginia, 1992.
Serita Frey, MS degree, University of Virginia, 1992,
of women supported: 4 (including P.I1.)
of men supported: 1

of Coasta Ricans citizens supported: 3
of USA citizens supported: 2

FFEE

BEST AVAILABLE DOCUMENT



