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Abstract

Although rhizobia for common bean (Phaseolus vulgaris L.) are established in most Brazilian soils, understanding of their genetic

diversity is very poor. This study characterized bean strains from two contrasting ecosystems in Brazil, the Northeast Region, with a semi-

arid climate and neutral soils and the South Region, with a humid subtropical climate and acid soils. Seedlings of the cultivars Negro Argel

and Aporé were used to trap 243 rhizobial isolates from 12 out of 14 sites. An analysis of ERIC-PCR products revealed enormous variability,

with 81% of the isolates representing unique strains considering a level of 70% of similarity. In general, there was no effect of either the bean

cultivar, or the ecosystem on rhizobial diversity. One-hundred and one strains showing genetic relatedness (ERIC-PCR) less than 70% were

further analyzed using restriction fragment length polymorphism (RFLP) of the 16 S rDNA cleaved with five restriction enzymes. Twenty-

five different profile combinations were obtained. Rhizobium etli was the predominant species, with 73 strains showing similar RFLP profiles,

while 12 other strains differed only by the profile with one restriction enzyme. Fifty strains were submitted to sequencing of a 16 S rDNA

fragment, and 34 clustered with R. etli, including strains with RFLP-PCR profiles similar to those species or differing by one restriction

enzyme. However, other strains differing by one or two enzymes were genetically distant from R. etli and two strains with identical profiles

showed higher similarity to Sinorhizobium fredii. Other strains showed higher similarity of bases with R. tropici, R. leguminosarum and

Mesorhizobium plurifarium, but some strains were quite dissimilar and may represent new species. Great variability was also verified among

the sequenced strains in relation to the ability to grow in YMA at 40 8C, in LB, to synthesize melanin in vitro, as well as in symbiotic

performance, including differences in relation to the described species, e.g. many R. etli strains were able to grow in LB and in YMA at 40 8C,

and not all R. tropici were able to nodulate Leucaena.

q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Common bean (Phaseolus vulgaris L.), here referred to

simply as bean, is widely cropped in Central and South

America and in Africa, where it is an important source of

protein for human consumption. Both Mesoamerica and the

Andean region of South America are the centers of origin

and/or domestication of P. vulgaris (Kaplan, 1965, 1980;

Kaplan et al., 1973; Gepts, 1990), and an important

secondary center of origin was identified in the southern

Andes of Argentina, for the wild bean P. vulgaris var.

aborigineus Burk (Baudet) (Gepts, 1990).

At least six rhizobia are able to nodulate and in most

cases fix atmospheric nitrogen with beans, including

Rhizobium leguminosarum bv. phaseoli (Jordan, 1984),

R. tropici (Martı́nez-Romero et al., 1991), R. etli (Segovia

et al., 1993), R. gallicum and R. giardinii (Amarger et al.,

1997). Bradyrhizobium(Lange, 1961; Hungria et al., 1993),

Rhizobium sp. OR 191 isolated from alfalfa nodules (Eardly

et al., 1985), and R. mongolense (van Berkum et al., 1998)

and other isolates with distinct phylogenic positions

(Bromfield and Barran, 1990; Eardly et al., 1992, 1995)

may well represent additional species. However, although

P. vulgaris is able to perceive signals for nodulation from

many rhizobia, most of the interactions are not effective

(Michiels et al., 1998).

Bean rhizobia from the Americas are believed to

have been disseminated to other continents on seeds.
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Predominance of R. etli has been reported in Mesoamerica

(Segovia et al., 1993; Souza et al., 1994; van Berkum et al.,

1996; Caballero-Mellado and Martinez-Romero, 1999) and

in nodules of wild beans in Argentina (Aguilar et al., 1998).

Initially, R. leguminosarum bv. phaseoli was believed to be

the only microsymbiont of bean in Europe, probably arising

from the transfer of the symbiotic plasmid of R. etli to a

R. leguminosarum chromosome (Segovia et al., 1993).

However, studies in France, Spain and Austria have

detected the five Rhizobium mentioned above (Geniaux

et al., 1993; Laguerre et al., 1993; Amarger et al., 1994;

Sessitsch et al., 1997; Herrera-Cervera et al., 1999), while

several strains of R. leguminosarum have been isolated in

Brazil (Mercante et al., 1998; Straliotto et al., 1999;

Mostasso et al., 2002). All bean rhizobia species except

for R. giardinii have also been found in soils of Africa

(Mhamdi et al., 1999), and in Brazil the only species so far

not identified is R. gallicum (Mostasso et al., 2002). R.

tropici appears highly promiscuous and reported hosts

include Leucaena sp., Macroptilium sp. and several other

hosts (Martinez Romero et al., 1991; Hernandez-Lucas et al.,

1995), Bolusanthus and Aspartium in Africa (Dagutat and

Steyn, 1995), and native shrubby legumes in Australia

(Lafay and Burdon, 1998), while several rhizobia isolated

from Dalea spp. in the USA show similar promiscuity and

also nodulate and fix nitrogen with beans (Graham et al.,

1999). The predominance of a bean rhizobia species is also

affected by environmental conditions, e.g. in Kenya at a pH

4.5 R. tropici was the dominant species, changing to R. etli

at pH 6.8 (Anyango et al., 1995).

Brazil is the first largest producer of beans (P. vulgaris)

worldwide, and the grains represent the most important

source of protein for the population. Indigenous bean

rhizobia colonize both uncropped and cropped soils and the

seeds usually carry high numbers of viable cells. Strain-

selection programs aiming to increase nodulation and

nitrogen fixation in Brazilian soils have shown that the

most efficient, competitive and genetically stable strains

belong to the species R. tropici (Hungria et al., 2000;

Mostasso et al., 2002), but diversity was not taken into

account in these studies. In other studies, a high level of

diversity among strains was detected by the evaluation of

morphological and physiological characteristics (Mercante

et al., 1998; Straliotto et al., 1999). This study aimed to

examine the genetic diversity of bean rhizobia in two

contrasting Brazilian ecosystems, the Northeast Region, a

semi-arid climate with neutral soils, and the South Region,

with humid subtropical climate and acid soils.

2. Materials and methods

2.1. Bean rhizobia used as reference strains

Bean rhizobia reference strains included: Rhizobium

tropici IIA CFN 299 ( ¼ USDA 9039, ¼ LMG 9517), IIB

CIAT 899T ( ¼ UMR 1899, ¼ USDA 9030, ¼ TAL 1797,

¼ HAMBI 1163, ¼ SEMIA 4077, ¼ ATCC 49672) and

R. etli CFN 42T ( ¼ USDA 9032) (CIFN, Cuernavaca,

Mexico). R. tropici strain PRF 81 ( ¼ SEMIA 4080) came

from the Embrapa Soja germplasm bank and R. legumino-

sarum bv. phaseoli USDA 2671 ( ¼ RCR 3644) from

USDA, Beltsville, MD, USA. R. giardinii bv. giardinii

strain H152T and R. gallicum bv. gallicum strain R602T

were provided by INRA, Dijon, France.

2.2. Isolation of bean rhizobia

Two Brazilian states representing contrasting ecosys-

tems were chosen for this study. Pernambuco in the

Northeast Region has a semi-arid climate with long dry

periods and soils of neutral pH, with samples collected

from São Francisco, Santo Antonio, Caruaru and Serra

Talhanda, in the Zona da Mata. Paraná, in the South

Region, has a subtropical climate, good rainfall distri-

bution and acid soils ((pH , 5.2), with samples collected

from São João, Warta, Toledo and Francisco Alves. In

total, samples were taken from 14 sites, including two

undisturbed areas covered with native vegetation and 12

fields under various cropping managements, as shown

in Table 1. Soil samples were collected at a depth of

0–20 cm with the soil corer cleaned with alcohol (95%)

and flamed between samplings. Bean cultivars Aporé

(meso-American colored seed) and Negro Argel (meso-

American black seed), both previously reported as good

N2-fixing hosts (Hungria et al., 2000) were used as trap

hosts. Seeds were surface sterilized and each seed was

inoculated with 1 ml of a 1022 dilution of soil in 0.85%

(w/v) NaCl (Vincent, 1970). Three seeds were placed in

each modified Leonard jar containing sterilized sand and

vermiculite (1:2, v/v) and thinned to two seedlings per

jar 3 days after emergence, and the experiment was

performed with three replicates. Plants were grown under

greenhouse conditions at 28/22 8C (day/night) and

received N-free nutrient solution (Andrade and Hama-

kawa, 1994).

After 4 weeks, nodules were collected from 12 out of 14

soils. Number of nodules varied according to the treatment,

ranging from 0 to 20 nodules per jar. Rhizobia were isolated

using standard procedures (Vincent, 1970) from all nodules

collected. The purity of the cultures was confirmed by

repeatedly streaking the bacteria on yeast extract–mannitol

agar (YMA) medium (Vincent, 1970) and verifying by

colony morphology, absorption of Congo red (25 mg ml21)

and Gram reaction. Each colony was transferred to YM

liquid broth (YMB) and after growth was mixed with

glycerol (1:1, v:v) and stored at 280 8C. Working cultures

were maintained on YMA slants at 4 8C. Rhizobia were

cultured routinely at 28 8C in YMB on a rotary shaker

operating at 65 cycles per minute. A total of 243 isolates

were obtained.
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2.3. Genetic characterization

2.3.1. Amplification with specific ERIC-primer

Total DNA was extracted from 210 out of the 243

isolates and 50 ng used for the amplification by PCR with

primers ERIC1R and ERIC2R (de Bruijn, 1992), as

described before (Santos et al., 1999). Cluster analysis

was performed using the Bionumerics program (Applied

Mathematics, Kortrijk, Belgium), with the UPGMA algor-

ithm and the Jaccard coefficient (Sneath and Sokal, 1973).

We have also analyzed the data using the Pearson

coefficient, and there were no substantial differences in the

grouping of the strains. However, as some of the gels

showed some stains, we decided that the Jaccard coefficient

would represent better the data.

2.3.2. Restriction fragment length polymorphism (RFLP)

analysis of PCR-amplified 16 S rDNA genes

PCR reaction of the DNA with primers Y1 and Y3,

followed by individual digestion with five restriction

endonucleases, Cfo I, Msp I, Rsa I, Nde II and Hinf I, was

performed with 101 isolates, as described by Mostasso et al.

(2002). Those isolates were randomly chosen within the

groups formed considering a 70% level of similarity in the

ERIC-PCR analysis.

2.3.3. rDNA sequence determination

Following ERIC-PCR and RFLP-PCR analyses, 50

isolates were selected based on the groups formed in the

RFLP-PCR, and completed with strains showing the same

profile as strain 29, the dominant profile. The strains were

submitted to direct sequencing of PCR fragments obtained

by amplification with primers Y1 and Y3 and intermediate

primers, using the methodology described by Mostasso et al.

(2002).

2.3.4. GenBank accession numbers and phylogenetic

analysis

The 16 S rDNA sequences generated from the selected

strains were submitted to the GenBank database (http://

www.ncbi.nlm.nih.gov/blast) to seek significant 16 S rRNA

alignments. Sequences confirmed in the 30 and in 50 directions

ranged from 340 to 1470 bp length and received the

accession numbers AY117620 to AY117669. The sequences

were then aligned pairwise and compared to those of the

following organisms (accession numbers of the GenBank

Data Library in parentheses): Agrobacterium radiobacter

LMG 383 (AJ130719); A. radiobacter LMG 196 (X67223)

(now proposed as a new combination, Rhizobium radio-

bacter, Young et al., 2001); Mesorhizobium plurifarium

LMG 10056 (Y14161); R. etli CFN 42T (U28916), Olivia

(M55235) and TAL 182 (U28939); R. galegae HAMBI 540T

(Y12355); R. gallicum bv. gallicum R602T (U86343); R.

giardinii bv. giardinii H152T (U86344); R. huautlense S02T

(AF025852); R. leguminosarum bv. phaseoli ATCC 8002

(M55494); R. leguminosarum bv. viceae ATCC 10004T

(U29386); R. mongolense USDA 1844T (U89817) and

USDA 1877 (U89820); R. tropici IIB CIAT 899T (U89832)

and LMG 9517 (X67234); R. tropici IIA LMG 9518

(X67233); R. tropici strain PRF 81 (AF260274); Rhizobium

genomic species Q strain BDV 5102 (Z94806); Rhizobium

sp. OR 191 (X91211); Rhizobium sp. USDA 1920 (U89823)

and WSM1583 (AF279266); Sinorhizobium fredii USDA

205T (M74163), Sinorhizobium sp. C4 (AF227753). A

phylogeny tree was inferred with the UPGMA algorithm

using the Bionumerics program.

2.4. Morphological and physiological characterisation

The 50 strains used in the sequencing analysis were also

characterized using morphological and physiological

characteristics in vitro. An initial inoculum of

Table 1

Bean rhizobia isolates obtained from soils of the State of Pernambuco, in the Northeast Region and in the State of Paraná, South Region

Soil State District Soil management

1 Pernambuco(PE) São Francisco Cropped with beans

2 PE São Francisco Cropped with beans three years before

3 PE Santo Antônio Undisturbed vegetation, with native

4 PE Santo Antônio Cropped with beans four years before

5 PE Caruaru Cropped with beans, an area that had

6 PE Caruaru Cropped with beans

7 PE Serra Talhada Undisturbed semi-arid vegetation

8 Paraná (PR) São João Beans cropped for 2 years between

9 PR São João Pasture, soybean and

10 PR Warta Cropped with soybean/wheat

11 PR Toledo Cropped with soybean/wheat

12 PR Toledo Cropped with soybean/wheat

13 PR Francisco Alves Beans for several years intercropped

with maize

14 PR Francisco Alves Beans intercropped with maize

Isolates obtained from each area can be identified in Table 2.
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104 cells ml21 was prepared in YM medium with a pH

initially adjusted to 6.8. Growth in YMB at 40 8C, in Luria

broth (LB) medium at 28 8C and synthesis of melanin in

tryptophan-enriched medium were determined as described

by Hungria et al. (2000). Symbiotic effectiveness on bean

cv. Carioca and Leucaena leucocephala was evaluated

under greenhouse conditions as described by Hungria et al.

(2000).

3. Results and discussion

A total of 243 isolates were obtained, 132 from soils

of Pernambuco and 111 from the Paraná State. Isolates

were not obtained from one undisturbed soil in Pernambuco

(soil 7) and from one soil of Paraná cropped with soybean

and wheat (soil 10). Color-seeded cultivar Aporé trapped

138 isolates, while black-seeded cultivar Negro Argel

trapped 105 isolates.

Two months after being isolated and maintained at

280 8C, 33 out of the 243 isolates failed to grow, therefore

the DNAs of 210 bacteria were amplified with the ERIC

primer. The majority of the isolates that did not grow came

from soil 11, and seven others from two soils of

Pernambuco. Those isolates were trapped by both host

cultivars and we still do not know why they stopped

growing. Several major clusters of bean rhizobia were

identified among the 210 isolates for which PCR banding

patterns were obtained, and 81% of the isolates represented

unique strains at the 70% similarity level (Fig. 1). Although

a large diversity in morphological, physiological and

genetic characteristics has been reported among bean

rhizobia strains in Brazil (Mercante et al., 1998; Straliotto

et al., 1999; Hungria et al., 2000; Mostasso et al., 2002),

there are no reports of a variability as high as that observed

in this study.

Considering a level of 50% of similarity in the ERIC-

PCR analysis, the isolates were clustered in 34 groups

(Table 2), and even though several strains occupied an

isolated position (Table 2). For the discussion of the results,

some clusters from Table 2 were highlighted on Fig. 1. From

the analysis of Table 2 and Fig. 1 it appears that there was no

recognizable effect of either the cultivar (thus of the

different flavonoids released by color and black seeds,

Hungria et al., 1991). There was also no evident effect of the

ecosystem on rhizobial diversity, although many clusters

included strains isolated from the same site (e.g. isolates

172, 177, 176, 166, 179, 178, 170, 169, 174 and 175, from a

soil of Paraná grown with soybean and wheat, were grouped

at 51% similarity in Group 1). Other clusters included

isolates from the same soil and captured by the same host

cultivar, e.g. 36, 38 and 40 (cv. Aporé and the state of

Pernambuco), and isolates 51, 45 and 44 (cv. Negro Argel

and the same soil), all in Group 8. Most of the isolates

with identical ERIC-PCR profiles came from the same soil

and host plants, e.g. isolates 7, 5, 10 and 8 (Group 7).

Isolates from different soils in the same ecosystem were

only rarely similar (e.g. isolates 53, 57, from soil 2 and

isolate 119, from soil 5, all in PE and within Group 6).

Similar isolates recovered from different ecosystems

Fig. 1. Dendrogram showing the Brazilian bean rhizobia isolates, after

cluster analysis of ERIC-PCR products using the UPGMA algorithm and

the Jaccard coefficient. The isolates of this dendrogram are specified in

Table 2.
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Table 2

Clusters and isolates included within each cluster in the analysis of the ERIC -PCR products considering a level of similarity of 50%. Some of the clusters are

highlighted in Fig. 1, others are classified as ungrouped (U) and the order of the isolates is the same obtained in the dendrogram. After the number of each

isolate it follows the number of each soil and the bean cultivar from which the isolate was obtained, A (Aporé) or N (Negro Argel)

Clusters Number

of isolates

Isolate number, followed by the soil and the host plant

1 11 172(12A), 177(12N), 176(12N), 166(12A), 179(12N), 178(12N), 224(14A), 170(12A), 169(12A),

174(12N), 175(12A)

U 1 73(4A)

2 3 76(4A), 187(13A), 202(14A)

3 6 191(13N), 189(13A), 181(12N), 183(12N), 197(13N), 173(12A)

4 4 184(12N), 185(12N), 186(12N), 188(13A)

U 1 182(12N)

5 5 190(13A), 193(13N), 192(13N), 195(13N), 194(13N)

6 11 53(2N), 57(2N), 119(5A), 39(2A), 121(5A), 220(14A), 120(5N), 31(2A), 70(4A), 69(4A), 42(2A)

7 4 7(1N), 5(1N), 10(1N), 8(1N)

U 1 35(2A)

8 18 36(2A), 38(2A), 40(2A), 227(14A), 9(1N), 75(4A), 51(2N), 45(2N), 44(2N), 214(14A)),

247(14N), 218(14A), 217(14A), 215(14A), 216(14A), 29(2A), 50(2A), 41(2A)

9 2 74(4 A), 82(4N)

10 20 12(1N), 49(1N), 17(1A), 13(1N), 19(1A),18(1A), 225(14A), 16(1A), 231(14A), 30(2A),

226(14A), 200(13N), 208(14A), 210(14A), 209(14A), 211(14A), 196(13N), 212(14A), 207(14A),

205(14A)

U 1 228(A)

11 6 153(9A), 232(14 A), 230(15A), 206 (14A), 223(14A), 168(12A)

U 2 22(1A), 198(13N)

12 3 64(3N), 61(3A), 222(14A)

U 2 62(3A), 84(4N)

13 3 155(9A), 156(9A), 237(9N)

U 1 33(1A)

14 5 3(1N), 1(1N), 2(1N), 4(1N)

15 2 96(5A), 99(5 A)

U 7 112(6N), 128(8A), 148(6N), 48(2N), 123(5N), 236(6N), 79(4A)

16 2 92(5A), 93(5A)

17 2 246 (5A), 101(6A)

18 17 131(8A), 134(8A), 135(8A), 133(8A), 136(8A), 235(6N), 130(8A), 249(6N), 116(6N), 125(6N),

149(9A), 150(9A), 141(6N), 142(8N), 143(8N), 152(9A), 151(9A)

U 1 140(8N)

19 2 48(2N), 151(9A)

U 1 140(8N)

20 3 46(2N), 58(2N), 180(12N)

21 2 43(2N), 86(5N0

U 3 52(2N), 122(5A), 91(5N)

22 2 67(4A), 72(4A)

U 2 94(5A), 87(5N)

23 2 132(8N), 137(8A)

24 2 63(3A), 65(3N)

25 2 95(5A), 124(5A)

U 5 154(9A), 118(5A), 221(14A), 54(2N), 219(14N)

26 2 89(5N), 90(5N)

U 2 244(4N), 68(4A)

27 3 77(4A), 83(4N), 80(4A)

28 5 158(9 A), 243(9N), 159(9 A), 160(9A), 238(9N)

29 4 241(9N), 163(12A), 164(12A), 240(12N)

U 3 34(2A), 171(12A), 248(6A)

30 2 98(5A), 100(5A)

U 4 115(6N), 233(14A), 199(13N), 37(2A)

31 2 71(4A), 203(14A)

U 3 129(8A), 126(5N), 229(14A)

32 5 106(6A), 110(6N), 108(6A), 113(6A), 245(4N)

U 1 234(13A)

33 4 60(3A), 109(6N), 138(8A), 107(6A)

U 2 14(1N), 239(9N)

34 2 127(8A), 204(14A)
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(e.g. isolate 76, from soil 4, in PE and isolate 187, from soil

13, PR, within Group 2) were ever rare (Fig. 1 and Table 2).

Although there is a possibility that strains showing the same

ERIC-PCR profile may differ in other genomic regions,

from this step each isolate showing a unique profile was

called as strain.

Considering the level of similarity of 70% (ERIC-PCR),

101 strains representing the clusters were chosen and

analyzed by the PCR-RFLP of the 16 S rDNA region, and a

high level of polymorphism was evident. The number of

bands obtained for each restriction enzyme varied as

follows: Nde II, 2–4 bands; Rsa I, 2–7 bands; Hinf I, 2–5

bands; Cfo I, 2–5 bands; Msp I, 3–6 bands (data not shown).

Twenty-five different combinations of profiles were

obtained (Table 3). Despite the high diversity, 73 strains

(72%) showed similar profiles to R. etli, and 12 others were

only different from R. etli in the profile generated by only

one restriction enzyme (Hinf I, or Cfo I, or Msp I). Strains

showing RFLP-PCR profiles similar to R. etli (Table 3)

often occurred in quite dissimilar ERIC-PCR clusters (Fig.

1, Table 2) (e.g. 248, 5 and 14), supporting the value of

ERIC-PCR methods in the evaluation of diversity of

rhizobial strains, but not of rhizobial species, as clearly

they were less valuable for taxonomic purposes (see also

Laguerre et al., 1997; Mostasso et al., 2002). None of the

other 28 strains showed combinations of profiles similar to

those for other bean rhizobia (Table 3).

When the DNA fragment corresponding to the 16 S

rRNA region of 50 strains, (representing the RFLP-PCR

groups, and several isolates showing the dominant profile of

strain 29) was sequenced, 15 of the 17 strains having RFLP-

PCR profiles with very high similarity to that of R. etli CFN

42 were clustered with R. etli strain Olivia; exceptions were

strains 129 and 215. This cluster linked to CFN 42 at a 94%

level of similarity (Fig. 2). R. mongolense strain USDA

1877 (van Berkum et al., 1998) also clustered in this group.

However, since neither the DNA relatedness nor the SSU

rRNA sequence comparisons support the grouping of

USDA 1877 with the type strain USDA 1844 (van Berkum

et al., 1998), and based on the phylogenetic analyses of this

paper, this strain would be better classified as R. etli. The

two strains 129 and 215 probably differed in the 16 S rRNA

region in other sites than those analysed by the RFLP-PCR

and in the sequencing analysis they clustered with

Sinorhizobium fredii USDA 205, although the lowered

similarity of 129 may indicate a new species. In addition, 14

strains that had not been analyzed for RFLP-PCR, but were

in ERIC-PCR clusters close to R. etli, strains were also

sequenced (1, 7, 30, 35, 42, 49, 82, 127, 150, 164, 173, 227,

229, 228, Fig. 1 and Table 2) and they were positioned as

R. etli (Fig. 2). Finally, four strains different from CFN 42 in

the profile with restriction enzyme Msp I (79, 82, 116 and

230), or Cfo I (68) were also clustered with R. etli, whereas

one strain differing with Msp I (126) and another with Cfo I

and Msp I enzymes (246) were clustered with a lower level

of similarity (92%).

Strains with 16 S rRNA sequences similar to R. etli were

spread throughout the ERIC-PCR dendrogram, e.g. strains

29 and 51 were positioned in the first cluster, in the upper

part of the dendrogram, while in the lower cluster were

positioned strains 127 and 79 (Fig. 1 and Table 2). Two

strains, 86 and 62 were clustered with a 99% similarity of

bases with Mesorhizobium plurifarium LMG 10056 (de

Lajudie et al., 1998), three others (233, 34 and 92) were

grouped with the R. tropici strain PRF 81 used in Brazilian

commercial inoculants, while strain 100 showed 88% of

similarity with R. leguminosarum (Fig. 2). Finally, strain 77

showed higher similarity with R. tropici IIB, but two other

Table 3

Profiles of RFLP-PCR of the 16 S rDNA region with five restriction

enzymes obtained with the bean rhizobia isolated from the States of

Pernambuco and Paraná and with type strains

Strainsa Enzymes

Nde II Rsa I Hinf I Cfo I Msp I

R. etli a a a a a

29b a a a a a

126 a a a a c

79 a a a a e

82 a a a a e

230 a a a a k

116 a a a d a

246 a a a d d

52 a a a e a

68 a a a e a

71 a a a h a

168 a a d a a

169 a a d a a

241 a a d a a

164 a a k a a

R. gallicum b b a a a

R. tropici IB b b a b b

R. tropici IIA b b a b d

R. legum.bv.phaseoli b f a a j

R. giardinii f b a a b

77 a b a b a

34 a b a j b

233 b a a b o

93 b b a b a

100 b e a a a

62 b g b a c

43 c c b c d

180 c c b i d

86 c i b a c

84 d b a a a

61 d d c a c

247 e l h g a

112 g k f k n

234 i a e c g

171 j e g l f

a Strains used as reference are described in Section 2.
b Strains 5, 14, 31, 38, 39, 41, 48, 51, 53, 54, 63, 69, 72, 73, 74, 75, 76, 83,

89, 90, 96, 101, 107, 108, 109, 115, 118, 122, 123, 124 128, 129, 133, 156,

158, 160, 166, 172, 175, 177, 178, 181, 182, 183, 185, 186, 188, 189, 190,

192, 194, 195, 199, 202, 203, 204, 205, 206, 209, 212, 215, 216, 218, 219,

221, 222, 236, 238, 239, 244, 245 and 248 showed the same profile as that

strain.
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Fig. 2. Dendrogram built with the UPGMA algorithm with the aligned 16 S rRNA sequences of 50 Brazilian bean rhizobia isolates and of reference strains.

Accession numbers are cited in Section 2.
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strains, 84 and 61 showed very low relatedness with the

other clusters and may also represent other species. None of

the strains from this study was clustered with R. gallicum or

R. giardinii.

The sequenced strains were also evaluated in relation to

some morphological and physiological characteristics in vitro

and great variability was verified (Table 4). None of the R. etli

strains was able to effectively nodulate Leucaena, however,

many were able to grow in LB and in YMA at 40 8C, contrary

to the description of this species (Segovia et al., 1993) and not

all R. tropici strains were able to effectively nodulate

Leucaena (Table 3). Furthermore, recent studies found in

archeological sites in Brazil bean seeds genetically related to

those from Mesoamerica (F.O. Freitas, unpublished).

Other studies in Brazil have identified the majority of

bean strains recovered as R. tropici (Mercante et al., 1998;

Straliotto et al., 1999; Hungria et al., 2000; Mostasso et al.,

2002). However, the isolates from those studies were either

selected using Leucaena as a trap host (Mercante et al.,

1998), or the objective was the selection of more efficient

and competitive strains for the tropics (Hungria et al., 2000;

Mostasso et al., 2002). Although the previous studies have

also used jars containing nutrient solution with neutral pH

(Mercante et al., 1998; Hungria et al., 2000; Mostasso et al.,

2002), in our study the characterization of all strains trapped

by two bean cultivars indicated a predominance of R. etli,

in a situation similar to that reported for isolates of wild

beans in Argentina (Aguilar et al., 1998). Most important

was the wide diversity within R. etli species, especially in

relation to morphological, physiological and symbiotic

properties, giving emphasis to the need for a better

definition of the characteristics of this species.

In this paper at least three genera, Rhizobium,

Sinorhizobium and Mesorhizobium were isolated from

bean nodules, confirming, along with other reports

(Lange, 1961; Bromfield and Barran, 1990; Eardly et al.,

1992, 1995; Hungria et al., 1993, 2000; Martinez Romero

et al., 1991; Segovia et al., 1993; Amarger et al., 1997;

Mercante et al., 1998; Straliotto et al., 1999; Mostasso

et al., 2002) the promiscuous nature of bean. A lack of

response to inoculation with superior strains has often

been reported for bean crops, although a search within

the established population for efficient and competitive

strains is feasible (Hungria et al., 2000, 2003). Probably

is one of the highest promiscuity reported, therefore

understanding the relationship between the bean rhizobia

diversity and the contribution of nitrogen fixation to

the bean crop could be the key to improving yields of

this crop.
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