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A B S T R A C T

Forage legumes are important resources in semiarid regions due to their abilities to adapt to soils with low fertility and 

of legume nodule isolates obtained from Clitoria ternatea and Stylosanthes capitata cultivated in the soils of a semiarid 

C. ternatea S. capitata

C. ternatea and four 

isolates from S. capitata

 

Bacillus , Bradyrhizobium Leifsonia , Microvirga 

Rhizobium 

legumes C. ternatea and S. capitata represent an important microbial source to protect new biotechnological products 

Keywords: Bradyrhizobium Clitoria ternatea, Stylosanthes capitata
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Bacillus Bradyrhizobium Leifsonia Microvirga Rhizobium

C. ternatea 

e S. capitata

Palavras-chave: Bradyrhizobium Clitoria ternatea, Stylosanthes capitata

INTRODUCTION

population density among similar regions world

rainfall regime concentrated in a few months of 

activity and food security of farmers and their 

Despite its great natural microbiological and 

to anticipate agricultural solutions to pressures of 

anthropogenic and temperature rise due to climate 

for the development of technological resources in 

semiarid regions based on the ability of bacteria 

adapted to soil and climate to transform nitrogen 

tion and the dependence of the farmer on indus

for tropical regions where the availability of this 

element in soils is often low and limiting to agri

to guarantee the supply of food during periods of 

Clitoria ternatea Stylosanthes capi-

tata Vogel are legumes with great potential for 

and water stresses (Lima et al et al

Clitoria ternatea Stylosanthes capitata Vogel 

also present good performance when symbiotically 

no studies have reported the symbiotic bacteria 

associated with the nodules of these species in the 

Polyphasic studies that involve phenotypic and 

and potential selection of bacteria that show adap

tations to the edaphoclimatic conditions peculiar 

evaluate the genetic and metabolic diversity of 

tant legumes in semiarid regions (Leite et al

et al

diversity of this group of bacteria is limited but 

necessary considering the forage importance of 

identify the phenotypic and genotypic characteris

tics of the symbiotic nodules of Clitoria ternatea and 

Stylosanthes capitata 

MATERIAL AND METHODS

Bacterial isolation and nodulation tests

with the forage legumes Clitoria ternatea

Stylosanthes capitata 



614 Revista de Ciências Agrárias, 2018, 41(3): 612-624

soil sample comprised ten subsamples collected 

Nodulation tests were performed under gnoto

obtained isolates to nodulate the original host 

C. ternatea

from S. capitata C. ternatea and S. capi-

tata 

the tested isolate grown in yeast mannitol broth 

3

S. capi-

tata

initial growth but not inhibit the nodulation of 

et al

the capacity of the isolates to grow in the pres

Table 1 - Cultural characterization and identification based on the 16S rRNA gene partial sequencing of bacterial strains 
isolated from effective nodules of Clitoria ternatea and Stylosanthes capitata. The sequences of the strains were 
compared based on the most similar sequences found in the GenBank

Isolate
Growth 

time

Colony Mucus pH
16S rRNA 

extension (pb)
Most similar sequences found in the GenBank

Color
Size 
(mm)

Type Quantity Genus

Accession

number

Similarity

(%)

Clitoria ternatea

Fast¹ Yellow Viscous Neutral Leifsonia

White Viscous Low Bradyrhizobium

Fast Yellow Viscous Low Bacillus

Fast Yellow Viscous Rhizobium

Fast Yellow Viscous Low Leifsonia

Fast Cream Viscous Neutral Leifsonia

Stylosanthes capitata

White Viscous Low Neutral Microvirga

White Viscous Low Neutral Bradyrhizobium 

Cream Flocculent Low Neutral Bradyrhizobium 

White Viscous Low Bradyrhizobium 

¹Fast – up to three days; ²Slow – over six days
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medium with mannitol was used as reference 

isolates that grew in a manner similar to the refer

activities

®

growth was achieved after incubating three pure 

the tested medium (Fernandes Júnior et al.,

considered when a smooth yellow halo formed 

et al.

resulting in a change in medium color from blue 

between the diameter of the halo and the diameter 

Indol-acetic acid (IAA) production 

3

trations of the indolic compounds produced by the 

isolates were estimated according to the standard 

using discs impregnated with antibiotics (Bauer 

et al.,

 
and temperature ranges
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Genetic characterization

 

et al.,

were compared by using the Blast tool 

 for the identification of correlated 

Phylogenetic analysis was performed by using 

et al.,

et al

RESULTS AND DISCUSSION

Clitoria ternatea

from Stylosanthes capitata

C. ternatea and four isolates from 

S. capitata 

growing isolates and was used as a C source by all 
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Previous studies have reported a high diversity 

et al.,

et al., et al., Rhizobium strains 

obtained from the nodules of Phaseolus vulgaris 

et al., 

Kumari et al.

strains of Rhizobium isolates from nodules of the 

Table 2 - Phenotypic characteristics of Clitoria ternatea and Stylosanthes capitata isolates related to use of different C sources, 
intrinsic antibiotic resistance, and tolerance to different NaCl concentrations and high temperatures

Isolates

Characteristics
Stylosanthes capitata

263-2 263-3 271-2 273-2 291-4 292-6 391-9 391-11 391-12 391-13

+ ¹ + + + + + + +

+ + + + + +

+ + + + + + +

+ + + + + +

+ + + + + + + + + +

+ + + + + + + +

Casein + + + + + +

Potassium citrate + + + + + + + +

Fructose + + + + + + + + + +

+ + + + + + + + + +

+ + + + + + + + + +

+ + + + + + + + + +

+ + + + + + + + + +

+ + + + + + + + + +

Xylose + + + + + + + + + +

+ + + + +

Neomycin + + +

+ + + + +

Vancomycin + + + + + + +

+ + + + + + + + + +

+ + + +

+ + + + + + +

Chloramphenicol + + + + +

+ + + + +

+ + +

3

+ + + + + + + +

+ + + + + +

+ + + +

+

+

+

+

+

1 +: positive growth; 2 -: no isolate growth.
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genus Indigofera

cultivated in media containing monosaccharides 

with certain sugars than with others (Castellane 

et al.,

indicate the adaptability of microorganisms to 

et al.,

Rhizobium 

Cajanus 

cajan Vigna 

unguiculata

(Fernandes & Fernandes et al.,

also observed that their strains had high resist

observed by Keneni et al.

Rhizobium isolates of faba beans (Vicia faba

production of mucus by Rhizobium

analysis of three Rhizobium

obtained from pigeonpea nodules and one isolate 

antibiotics was observed in isolates that produced 

None of the isolates evaluated were capable of 

(Bacillus

on the symbiotic process depends on the macro 

partners is a mitigating factor for these environ

in vitro

factors do not predetermine the bacterial behavior 

studies enable a larger number of evaluations in a 

et al

et al.

ters to evaluate the ability of microorganisms to 

lates the diameter of the degradation halo with the 
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et al.,

(Cajanus cajan et al.,

Kumari et al.

participating in the bacterial infection of root hairs 

capable of nodulating their host produce at least 

et al., 

 

C. ternatea

derived from the nodules of Stylosanthes

 

one isolate was obtained from the nodules of  

C. ternatea

et al.,

et al.,

mainly those belonging to the genus Rhizobium

Table 3 - Enzyme activity (amylolytic and carboxymethyl cellulolytic) and production of indolacetic acid (IAA) of bacterial 
isolates of nodules from forage legumes Clitoria ternatea and Stylosanthes capitata

Isolate Amylolytic EI1 Carboxymethyl Cellulolytic EI1

Indolacetic acid

µM/mL

Clitoria ternatea

Stylosanthes capitata

CV

1EI - enzyme index
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plant hormones has been widely studied due 

to the suggestion that these organisms have a 

mechanism that provides a positive physiolog

et al.,

in vitro

has shown good results in the 

Rhizobium 

ten legumes nodules isolates 

that show positive nodulation 

on the original host enabled the 

Bacillus

Bradyrhizobium

Leifsonia

Microvirga 

Rhizobium

genera represented in the collec

Bradyrhizobium

Microvirga Rhizobium genera 

Bacillus and 

Leifsonia isolates have been 

phytes of the nodule microbiome 

et al.,

et al., et al., et al., 

et al.

isolated from C. ternatea

et al

Bacillus

Leifsonia

gene was performed with the isolates obtained 

Bradyrhizobium

Microvirga Rhizobium

S. capitata

391-13 (MH201296) 

B. yuanmingense CCBAU 10071T (AF193818)

391-12 (MH201295)  

B. subterraneum 58 2T-1 (KP308152)

B. manausense BR 3351T (LJYG01000047)   

B. cytisi CTAW11T (EU561065)  
B. canariense BTA-1T (AJ558025)

B. lupini DSM 30140T (X87273) 

B. daqingense CCBAU 15774T (HQ231274) 

B. liaoningense 2281T (AF208513) 

B. diazoefficiens UDSA 110T (BA000040)

B. denitrificans LMG 8443T (X66025) 

B. oligotrophicum ATCC 43045T (JQ619230)

B. cajani AMBPC1010T (KY349447) 

B. stylosanthis BR 446T (KU724142) 

B. arachidis CCBAU 051107T (HM107167)

B. huanghuaihaiense CCBAU 23303T (HQ231463)

391-11 (MH201294) 

B. kavangense 14-3T (KP899562) 

B. ingae BR 10250T (KF927043) 

B. iriomotense EK05T (AB300992) 

B. retamae Ro19T (KC247085) 

B. jicamae PAC68T (AY624134)

B. erythrophlei CCBAU 53325T (KF114645) 

B. embrapense SEMIA 6208T (AY904773)

B. neotropicale BR 10247T (KF927051)

B. paxllaeri LMTR 21T (AY923031)

B. lablabi CCBAU 23086T (GU433448)

B. icense LMTR 13T (CP016428) 

B. ferriligni CCBAU 51502T (KJ818096) 

263-3 (MH201288) 

B. tropiciagri SEMIA 6148 LFLZ01000084

B. elkanii USDA 76 KB900701

B. pachyrhizi PAC 48 LFIQ01000091

M. guangxiensis 25BT (EU727176)  

M. subterranea FaiI4T (FR733708) 

M. zambiensis WSM3693T (HM362433)

M. ossetica V5/3MT (KX576552) 

M. lotononidis WSM3557T (HM362432) 

M. lupini Lut6T (KI912026) 

M. makkahensis SV1470T (JN989300) 

M. vignae BR3299T (JX504804) 

391-9 (MH201293) 

R. sophorae CCBAU 03386T (KJ831229)   

R. etli CFN 42T (U28916)  

R. phaseoli ATCC 14482T (EF141340) 

R. leguminosarum USDA 2370T (U29386)  

R. endophyticum CCGE2052T (EU867317) 

R. cauense CCBAU 101002T (JQ308326)  

R. mesoamericanum CCGE 501T (JF424606) 

Rhizobium sp. HR9 (MG818728)

Rhizobium sp. CCBAU 51330 (GU433459)   

273-2 (MH201290) 

Rhizobium sp. 8317 (FJ870553) 

Rhizobium sp. Moz42 (KY426378) 

R. miluonense HAMBI 2971T (EF061096)  

Rhizobium sp. Glm-10 (AF510368) 

R. paranaense PRF 35T (EU488753) 

R. calliandrae CCGE524T (JX855162) 

Rhizobium sp. ADU4 (KF933537) 

R. tropici CIAT 899T (CP004015) 

R. freirei PRF 81T (AQHN01000056) 

99
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Figure 1 - Maximum-likelihood phylogeny tree inferred from 
16S rRNA sequences (1276 aligned positions) of the 
forage legumes (Clitoria ternatea and Stylosanthes 
capitata) nodule isolates (blond) and type and 
reference rhizobia strains. Bootstrap support values 
are indicated at tree nodes when above 50 %. Bar, 
2 substitutions per 1000 nucleotides. Accession 
numbers are indicated within parentheses. B: 
Bradyrhizobium, M: Microvirga, and R: Rhizobium.
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Bradyrhizobium et al

with Bradyrhizobium yuanmingense

Bradyrhizobium kavangense S. capitata isolate 

Microvirga 

vignae

et al

Stylosanthes

the genus Bradyrhizobium et al.,

from Stylosanthes nodules (Chaves et al

of Stylosanthes

report the symbiotic capacity of S. capitata to form 

symbiosis with Microvirga

et al., et al

et al et al

representatives of the genus Microvirga

et al., et al.,

C. ternatea

of the species B. tropiciagri B. elkanii B. 

pachyrhizi 

of the Bradyrhizobium et al

C. ternatea

the genus Rhizobium with a group of strains 

isolated from tropical soils related to previously 

CONCLUSION

Clitoria 

ternatea and Stylosanthes capitata nodules harbor 

bacteria that are phenotypically and genotypically 

Clitoria ternatea is nodulated by Rhizobium 

and Bradyrhizobium

Stylosanthes capitata root nodule symbi

onts primarily belong to Bradyrhizobium within 

B. yuanmingense and B. kavangense

S. capitata is nodulated by Microvirga in 
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