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ABSTRACT - The biocontrol of soilborne plant pathogens reprtssa promising approach from the environ-
mental and practical points of view. Fluorescemuyg®monad rhizobacteria are well known by theiagonis-
tic capacity towards several plant pathogens dwediversity of antimicrobial metabolites they puod. This
study was conceived to select and characterizelhizeria having antagonistic potential towardspatho-
genic fungi Rhizoctonia solani and Sclerotium rolfsii. A total of 94 bacterial strains isolated from the
rhizospheres of four vegetable species under crgemitivation were evaluated. Twenty-two strainsickh
predominate in lettuce and rudbeckia rhizospheresved identical biochemical profiles Rseudomonas fluo-
rescens, while in kale and parsley rhizospheres identpraffiles toPseudomonas putida (subgroups A and B)
strains prevailed. Two types of antagonism werdiedrin vitro and defined as competition and inhibition of
mycelial growth. Sixty percent of the evaluatedhisis showed antagonistic potential and, among thd%e
strains expressed antagonism to both target fumth, P. fluorescens being the most representative bacterial
species. This work clearly identified a number tohiss with potential for use as plant growth-preimg and
biocontrol of the two soilborne fungal pathogenségetable crops production systems.

Keywords: In vitro antagonismRhizoctonia solani. Sclerotiumrolfsii. Plant growth promoting bacteria.

SELECAO DE RIZOBACTERIAS FLUORESCENTES PARA O BIOCO NTROLE DE FITOPATO-
GENOS HABITANTES DO SOLO

RESUMO - A utilizacdo de agentes para o biocontrole de &tégenos habitantes do solo representa uma
alternativa promissora tanto do ponto de vista anthl quanto pratico. Rizobactérias do grupoRteadomo-

nas spp. fluorescentes séo reconhecidas por sua dapacantagdnica a diversos fitopatdégenos, gradaea
sidade de metabdlitos com agao antimicrobiana quaugem. Este estudo teve por objetivo selecionarac-
terizar rizobactérias com potencial antagénicofangosRhizoctonia solani e Sclerotium rolfsii. Foi avaliado
um total de 94 estirpes bacterianas isoladas dafem de quatro espécies de hortalicas cultivadasistema
organico. Vinte e dois isolados, que apresentararfil pioquimico idéntico ao dBseudomonas fluorescens,
foram mais abundantes nas rizosferas de alfaceutarlem comparagéo a couve e salsa, em cujaderass
prevaleceram estirpes com perfil idéntico ad’sidomonas putida, subgrupos A e B. Duas formas de antago-
das estirpes avaliadas apresentaram potencialGanitage, dentre essas, 24 estirpes expressaragpargmo
para ambos os fungos-alvo, sendo que a principeiicess antagonista fd?. fluorescens. Os resultados abrem
possibilidades da utilizacao de estirpes selecamagdra uso como agentes de biocontrole dos fitgpabs
mencionados em sistemas de producéo de olericolas.

Palavras-chave Antagonisman vitro. Rhizoctonia solani. Sclerotium rolfsii. Bactérias promotoras do cresci-
mento de plantas.
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INTRODUCTION MATERIAL AND METHODS

Agriculture still relies upon the usage of Rhizobacteria were isolated from kale
chemicals to control plant diseases and Brazihés t (Brassica oleacea var.acephala L.), lettuce [actuca
one of the largest pesticide users in the world. Al sativa L.), parsley Petroselinum sativum L.) and
though farmers know the risks to their health, theyrudbeckia Eruca sativa Miller) cultivated on an ex-
are exposed to several harmful substances duringerimental area (SIPA - Integrated Agroecological
pesticide handling (PASIANI et al., 2012). The Production System) located in Seropédica, lat 22°
steady price elevation of pesticides along with the45’S, long 43° 41'N in Rio de Janeiro State, Brazil
concern of a sustainable environment has lead tdrhis area represents a collaborative researchteffor
approaches aiming at the reduction or even the rebetween Embrapa Agrobiologia, Universidade Fed-
placement of chemical control by biological control eral Rural do Rio de Janeiro and Pesagro-Rio
of plant pathogens (COMPANT et al., 2005). (NEVES et al., 2005). Three plants of each vegetabl
Studies involving isolation and selection of species were harvested at the last third part ef th
microorganisms with biocontrol potential are rele- vegetative cycle and the roots shaken to remove the
vant especially concerning soilborne fungi, dueato loosely attached soil. The adhering soil of thee¢hr
difficulty in pathogenic microbial populations redu  plants was pooled and considered as the rhizosphere
tion with the use of chemical substances, becafise asoil. Rhizosphere soil (1 g) from each vegetabke sp
some pathogens to obtain resistance to commonlgies was mixed with 9 ml of distilled water andiaker
used pesticideHAAS; DEFAGO, 2005; LUGTEN-  dilutions were prepared. One hundred microliters of
BERG; KAMILOVA, 2009). As an alternative, the each dilution were spread on plates containing
use of fluorescent pseudomonads rhizobacteria maying’s B agar (KING et al., 1954) amended with the
be effective to prevent deleterious effects of plan antibiotics as described by Pinton et al. (2010)o+
pathogens through the production of antimicrobial rescent colonies presenting growth characteristics
compounds and siderophores (CHOUDHARY et al., pseudomonad were isolated and stored in glycerol at
2009; RAAIJIMAKERS et al., 2009) or by induction -80 °C for further analysis.
of systemic resistance against pathogens in several Strains were biochemically characterized us-
plant species (BENEDUZI et al., 2012). Besides,thating the commercial Kit API system 20NE
fluorescent pseudomonads show high rhizospheréBioMérieux Laboratory, France). This kit enables
competence, produce indole acetic acid and solubinon enteric gram negative bacteria identification
lize insoluble phosphate (LUGTENBERG ; through enzymatic tests and use of different carbon
KAMILOVA, 2009). sources. The identification of bacterial species is
A strategy for selection of efficient biocontrol done by comparing the numeric profiles obtained to
agents is their isolation from agro- ecological -pro the ones from “Profile Analytic Index” database.
duction units, which are enhanced in microbial dive Data referring to each strain of rhizobacteria
sity and soil suppressivity conditions (ALTIERI, selected with the aid of API 20NE kit were submit-
1999). The commonly abundant presence of benefided to similarity calculations based on the SM fieef
microorganisms in organic farming systems depictscient (“Simple Matching”). Later on, the data from
the opportunity of bacterial strains selection dali- SM were used for construction of a dendrogram by
zation against plant pathogens. Furthermore, antag the “Unweighted Pair Group Method with Arithme-
nistic bacterial strains, in combination with orggan tic Mean”. Similarity matrix and dendrogram were
fertilizer, could effectively suppress soil disealzat  both obtained from the program NTSYSpc 2.10t
the organic fertilizers provided the antagonistacb version (Applied Biostatistics Inc.).
teria with carbon and other nutrients (BORRERO et In vitro antagonism tests were carried out
al., 2006; DING et al., 2013). Thus, it is extreynel with the pathogenic fungrhizoctonia solani Kiihn
useful for future development of field biologicalre and Sclerotium rolfsii Sacc.Rhizoctonia solani was
trol agents, to apply adequate methods to evalnate isolated from kale plant hypocotyls with dampingj of
vitro the bacterial response (BERG et al., 2005). symptoms and identified through hypha morphology
The present paper aimed at the characterizaand sclerotia formation typical of the specigs.olf-
tion and selection of rhizobacteria isolated from sii was isolated on BDA medium from sclerotia col-
vegetable crops cultivated under organic productionlected from green peppe€dpsicum annum L.) with
system for acting against plant pathogenic soileorn sclerotium wilt disease (AGRIOS, 2005).
fungi, Rhizoctonia solani and Sclerotium rolfsii. R. solani andS. rolfsii were grown in King’'s
Therefore, the strategy was to isolate bacterianfro B medium during 4 days at 2. Then, a mycelium
the rhizosphere of the target plant species kate, | disc of 0.5 in diameter was cut and transferred to
tuce, parsley and rudbeckia grown under organicanother Petri dish containing the same medium. This
management, as a starting point in the selection ofragment was placed in the center of the plate
beneficial bacteria. whereas rhizobacterial cells were spread nextdo th
border according to modified method proposed by
Amorim and Melo (2002). The plates were then in-
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cubated in a B.O.D. regulated at 20 and the rary competition or temporary inhibition, i.e., @l

evaluations carried out in different periods ofdim pearing right after the first evaluation proceedeue

after 4, 6, and 9 days of incubation. Each treatmenstrong level corresponded to inhibition lastingilunt

had triplicates, including the control represenibyd  the second or third time period of evaluation.

plates containing only the plant pathogenic fungi.

The antagonistic test was repeated ever sincetsesul

for the triplicates did not fit in the same typedes RESULTS AND DISCUSSION

scribed below. Three types were considered to evalu

ate the interaction between fungus and bacterium: The aim of this study was to isolate and char-

absence of antagonism, when mycelium growth surqcterize fluorescent pseudomonads able to acting as

passed the boundaries of bacterial growth; competihiocontrol agents against plant pathogenic soilborn

tion, when mycelium growth did not surpass the fungi, Rhizoctonia solani and Sclerotium rolfsii, that

boundaries of bacterial grOWth, and |nh|b|t|0n, whe cause several losses in Vegetab|e crop y|e|d

macroscopic reduction of fungal colony development A total of 94 fluorescent bacterial strains from

occurred with consequent formation of the classiclettuce, kale, rudbeckia, and parsley rhizospheres

inhibition zone. were characterized by API 20NE System. From this
Inhibition or competition during the three total, 25% of strains showed an identical biochaihic

periods of evaluation (4, 6, and 9 days of inculmti  profile to P. fluorescens and the rest of then tB.

were considered to place the rhizobacteria in @iffe pytida. The origin and distribution of these strains in

ent classes. Three following levels of antagonismrelation to rhizospheres of the four plant species
also were considered: absent (-), weak (+), andstudied are shown in Table 1.

strong (++). The weak level corresponded to tempo-

Table 1L Number of strains characterizedResudomonas fluorescens andPseudomonas putida obtained from rhizospheres
of four vegetable crops grown under organic cuitbra

P. fluorescens P. putida
Species Number of isolates (n) (n) (%) (n) (%)
lettuce 8 4 50.0 4 50.0
kale 39 5 12.8 34 87.2
rudbeckia 25 9 36.0 16 64.0
parsley 22 4 18.2 18 81.8
Total 94 22 234 72 76.6

The research haghown thatP. putida strains  plant itself had great selective influence upors¢he
characterized by API profiles prevailed among thebacterial communities. Berg et al. (2005) working
strains regardless of the plant species, partigular with isolates from potato determined that each mi-
kale and parsley rhizospheres showed more thawrrohabitat was colonized by a specific bacteriahco
80% of thisbacterial species. On the other hand, for munity, with pseudomonads species predominant in
lettuce and rudbeckia rhizospheres, 50 and 36% ofhizosphere while gram-positive bacteria prevaited
the strains were identified & fluorescens. Such  the phyllosphere.
observations could possibly mean discrimination of A successful biological control by using an-
these two bacterium groups relating to rhizospheregagonistic microorganisms will need adequate under-
of vegetable crops, due to distinct composition of standing of biotic and non-biotic factors involvied
root exudates or specific molecular signs. In thatthe complexity of plant diseases suppression.sh al
sense, organic exudates have been appointed as maiequires the knowledge of bacterial community dy-
components of descriptive models concerning micro-namics and composition in association with plants,
bial rhizosphere dynamics (STRIGUL; KRAVE- as well as the mechanisms which take part in micro-
CHENKO, 2006). Several authors have fouRd habitats colonization (BERG; SMALLA, 2009).
fluorescens or P. putida populations in association Figure 1 illustrates the dendrogram showing
with different plants, stages of plant cycles, ami the 94 strains characterized. Two main groups were
crohabitats. Latour et al. (1996) studied the pheno identified: group | gathered identical profile &
typic and genotypic diversity of fluorescent pseudo fluorescens strains revealing 70% of similarity, while
monads populations from two soil types, cultivated group Il had predominance of identical biochemical
and not cultivated with tomato, concluded that the profile to P. putida strains.
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Figure 1. Grouping of fluorescent bacteria isolated frora thizosphere of organically grown vegetables crbpsed
upon biochemical characteristi(RF: Pseudomonas fluorescens; PP:Pseudomonas putida).

The main biochemical characteristics for five strains closer t®. putida differed from A and B

separation of these two species were utilization ofby the capacity of arabinose utilization and phenyl
mannitol and gelatinase activity, both positive For  acetate assimilation, respectively. These datarare
fluorescens and negative folP. putida, which also  accordance with results of ZAGO et al. (2011) that
shows negative reaction to gelatin hydrolysis, nor-showed a wide variation the use of carbon com-
mally used to differentiate them frol fluorescens, pounds and enzymatic activity by fluorescent pseu-
Pseudomonas clororaphis, Pseudomonas aureopha- domonads which might be an important feature to
ciens and Pseudomonas aeruginosa that belonged to  select strains of this bacterial group as integranft
the same homology group (PALLERONI, 1984). inoculants to use in the agriculture.
Group Il could be divided into major subgroups A Two types of interaction have been already
and B, both constituted . putida strains but with  characterized and defined as competition and inhibi
intra-similarities of 83.5 and 84.4%, respectively. tion. Figures 2A and 2B exemplify the competitive
The main difference between these subgroups reliesype meanwhile Figures 2C and 2D illustrate inhibi-
on the capacity of arabinose utilization, exclukive tion, when there was macroscopic reduction of my-
by subgroup A. A third subgroup, IIC, composed of celial growth ofS. rolfsii andR. solani, respectively.
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Figure 2. Types of antagonism of fluorescgraeudomonads rhizobacteria towards plant pathodengg: (A) competi-
tion with Sclerotiumrolfsii; (B) competition withRhizoctonia solani; (C) growth inhibition ofS. rolfsii; (D) growth inhi-
bition of R. solani; (E) absence of antagonismSarolfsii; and (F) absence of antagonisniRicsolani.
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From the strains tested, 57 of them (60%) common while, folR. solani, competition prevailed.
were capable of some type of antagonism against alust two strains were capable to inhiBit solani
least one fungal species. This universe was repregrowth. Furthermore, the antagonistic response ob-
sented by 53% of strains that showed identical pro-served for each fungus tends to be maintained glurin
file to P. putida and by 87% of strains characterized the entire period of evaluation.
as P. fluorescens. Nineteen strains (alP. putida) Fluorescent pseudomonads produce several
presented antagonism solely far solani; fourteen  substances with antimicrobial effect, worth high-
of then (10P. putida and 4P. fluorescens) presented lighting six classes of antibiotics, diffusible wola-
antagonism towardS. rolfsii only, and twenty-four  tile, and a range of siderophores and lytic enzymes
(9 P. putida and 15P. fluorescens) were antagonistic  Possibly, these results are due to qualitative/aomd
to both plant pathogens. Only 14%Rffluorescens guantitative differences in the production of these
strainsdid not show antagonism to any of the target metabolites that may: (i) provide greater spedifici
fungi. As for subgroups A and B . putida, ab- of action resulting in increased efficiency or (@i¢
sence of antagonism was observed in 40% and 56%roduced in greater amounts in response to the pres
of respective strains (Figure 3A). Strains from-sub ence of target-specific fungus. It should also be-c
group A showed a higher proportion of antagonismsidered the presence of carbon sources, amino, acids
by competition (53%) comparatively to subgroup B iron and phosphorus in the culture medium which
(28%). Figure 3B shows the proportion of antago-exerts selective influence on the spectrum of antim
nistic response, both type and period of evaluationicrobial substances produced by these bacteria
by the pseudomonad strains considering the two(BERG et al., 2009; COMPANT et al., 2005; HAAS;
fungi. RegardingS. rolfsii the inhibition was more DEFAGO, 2005; RAAIJMAKERS et al., 2009).
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Sclerotium rolfsii Rhizoctonia solani

Figure 3. In vitro antagonism towardSclerotium rolfsii and Rhizoctonia solani fungi by fluorescent pseudomonads
rhizobacteria: (A) proportions of characterizedputida strains (subgroups A and B), andPoffluorescens strains based
on the type of interaction (competition and inhdi); (B) percentage of antagonistic rhizobactesiest rolfsi and R.
solani fungi, according to type of interaction (compeititior inhibition) and time of evaluation (4, 6, édays of paired
cultures incubation).
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The organic farming management at SIPA Seven classes (Table 2) were established
undergo ecological principles since 1993. The biotacording to the three types of antagonistic activity
preservation in soil-plant systems has been a majoabsent (-), weak (+), and strong (++). Thirty-seven
priority through the use of conservative agricudtur strains (class I) representing 38% of the rhizodrdet
practices such as green manuring, no-tillage @itiv collection did not demonstrate any type of antago-
tion and organic matter amendments (NEVES et al. hism to the named fungi. Classes Il, lll, and I\freo
2005). The high percentage of antagonism among the@rized 33 strains that were antagonistic to onlg on
rhizobacteria strains now evaluated could be the reof these fungi, indicating specificity of interamti
flex of microbial diversity, leading to natural koi Classes V, VI, and VIII clustered 24 rhizobacteria
borne plant pathogens suppression, what has beestrains with antagonistic activity towards bothdstu
clearly observed along years in this area. ied fungi.

Table 2 Classes of fluoresceRseudomonads, isolated from the rhizospheres of vegetablegyraling to the level and
type ofin vitro antagonism t&hizoctonia solani andSclerotiumrolfsii fungi. Symbols: (-) absence of antagonism; (+)
weak antagonism (competition or inhibition disappeafour days after paired culture incubation)+)strong antago-
nism (mycelial growth inhibition remaining for nikays of incubation).

Rhizoctonia solani Sclerotiumrolfsii
Class in vitro antagonism Number of strains
| - - - - 37
Il - + - - 19
1 - - - + 12
\ - - ++ - 2
v _ + - + 15
VI - + ++ -
VIl ++ - ++ -
total 94

The group of strains which displayed strong records; the results showed a greater proportion of
antagonism deserves special attention concerningntagonists related to suppressive soils to thetpla
biotechnological potential. This group includes 10 pathogens mentioned.
strains (6P. fluorescens, 3 P. putida subgroup A; Despite the recognized variability, ubiquity of
and 1P. putida subgroup B) having strong antago- P. fluorescens and P. putida pointed out to a high
nism againss rolfsii, and one strainR. fluorescens) potential for plant pathogenic fungi biocontrol. tii
which demonstrated similar strong antagonism torespect tdR. solani andS. rolfsii, different levels and
eitherS rolfsii or R. solani. types of antagonism indicated specific mechanisms

Regarding biocontrol mediated by microor- that could be present in a given bacterial stidi-
ganisms, three types of interaction can occur: @mp ertheless, that hypothesis must be confirmed ierord
tition, antagonism and parasitism (RAAIJMAKERS to achieve viability in terms of selection of eféint
et al., 2009). The frequency of antagonistic siain biocontrol agents.
among fluorescent pseudomonads is variable and
possibly related to complex factors such as intra-
specific diversity and pathological system at eachCONCLUSIONS
location. Berg et al. (2002) tested the antaganisti

ability of bacteria isolated from different potata- Around 60% of fluorescent pseudomonads
CrOha.bltatS toward¥erticillum df?lhllae Kleb. andR. strains isolated from the rhizosphere of Orgarv'ca”
solani and concluded th&. putida represented the grown vegetable crops show antagonistic potential
majority of species among 40 strains. Berg et al.towardsR. solani or S. rolfsii and 28 of these strains

(2005) evaluated 2,648 bacterial strains and onlyjemonstrate antagonistic action upon both soilborne
14% of them showed antagonism to one or bothpjant pathogens;

above mentioned fungi. Suppressive soils are censid Strains showing similar biochemical profiles

ered natural sources of microorganisms capable 0fo Pseudomonas fluorescens respond for a greater

controling  pathogenic  populations.  Therefore, proportion of antagonism concerning those fungi in
Adesina et al. (2007) isolated bacteria havinggo#a  comparison td®. putida.

nistic potential againsR. solani and Fusarium ox-
ysporum from soils with and without suppressiveness
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