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Peanut (Arachis hypogaea L.) is an important crop that can fix nitrogen through symbiosis with rhizobia. 
Rhizobia populations with diverse characteristics than those traditionally described as peanut 
microsymbionts have been found in tropical soils. With the objective of studying the diversity and 
phylogeny of these rhizobia, 22 bacterial strains were isolated from nodules of seven peanut varieties 
grown in Spodosols of Pernambuco State, Brazil. The isolates were examined in culture medium by means 
of some of their phenotypic characteristics and tested for intrinsic antibiotic resistance (IAR). DNA profiles 
were determined with the BOX-PCR and compared with 19 reference strains. All isolates showed rapid 
growth, and most of them acidified the culture medium. In general, high antibiotic resistance was observed 
to penicillin G, chloramphenicol and tetracycline and susceptibility was observed to neomycin, 
erythromycin and rifampicin. The analysis of their phenotypic characteristics, that is, colony morphology 
and IAR, provided little information about the phylogeny of the isolates. However, using compilation of 
phenotypic and molecular characteristics, we were able to observe a great diversity of these rhizobia and to 
reveal the presence of new species. 
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INTRODUCTION 
 
Due to the importance of nitrogen for crop productivity 
and economic and environmental problems associated 
with the use of chemical fertilizers, nitrogen-fixing 
microorganisms have attracted significant attention, 
especially the ones capable of forming symbiosis with 
Leguminosae, generically known as rhizobia. To date, 
current taxonomy of these bacteria includes species 

belonging to several species of the genera Rhizobium, 
Bradyrhizobium, Sinorhizobium, Mesorhizobium, 
Allorhizobium, Azorhizobium (Liu et al., 2007), 
Methylobacterium (Kato et al., 2008), Devosia (Verma et 
al., 2009), Burkholderia (Bontemps et al., 2010), 
Cupriavidus (Liu et al., 2012), Shinella (Lin et al., 2008) 
and  others.  Using  phenotypic  and  molecular
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Table 1. Characteristics of the soils under peanut cultivation in 
Goiana municipalitiy, State of Pernambuco, Brazil. 
 

Characteristic Soil 1 Soil 2 

Soil type Spodosol Spodosol 

pH (H2O) 4.5 5.0 

P (mg dm
-3

) 5 3 

Sand (g kg
-1

) 750 850 

Silt (g kg
-1

) 100 150 

Clay (g kg
-1

) 150 100 

Ca
2+

(cmolcdm
-3

) 2.0 2.5 

Al
3+

(cmolcdm
-3

) 1.5 1.0 

H
+
(cmolcdm

-3
) 3.0 3.0 

Mg
2+

(cmolcdm
-3

) 1.8 2.0 

Na
+
(cmolcdm

-3
) 0 0 

K
+
(cmolcdm

-3
) 86 86 

 
 

 

methods, the presence of rhizobial populations with quite 
diverse characteristics has been verified in tropical soils 
(Martins et al.,1997; Lima et al., 2009), indicating the 
possibility of the existence of species that have not yet 
been described.  

Traditionally, rhizobia isolated from peanut nodules 
(Arachis hypogaea L.) were categorized into the "cowpea 
miscellany" group (Allen and Allen, 1981), a very 
heterogeneous mixture comprising poorly characterized 
slow-growing strains that alkalinize the culture medium; 
these strains are known to belong to the genus 
Bradyrhizobium (Thies et al., 1991). However, Santos et 
al. (2007) reported the predominance of fast-growing 
bacteria that acidify the medium forming symbiosis with 
peanut grown in the soils of Northeastern Brazil. 
Previously, Taurian et al. (2006) also found that peanut 
forms symbiosis with fast-growing bacteria closely related 
to Rhizobium giardini and Rhizobium tropici. 

Peanut is an important oilseed crop playing a 
significant role in the economy of various countries 
around the world. In the northeast region of Brazil, peanut 
is in great demand, and the cultivation of this legume is 
usually carried out on small farms with limited financial 
and technological resources, resulting in yields below the 
culture potential (EMBRAPA, 2006). Peanut nodulation 
by indigenous bacteria is considered sufficient, and 
inoculation is rarely performed. Studying the diversity of 
these bacteria is important in several aspects, both in 
terms of culture management, with the objective of 
facilitating the survival of more efficient and specific 
populations, and regarding the acquisition of adapted and 
efficient strains recommended for peanut inoculation. 

Considering the economic potential of this agronomic 
crop and the lack of studies on native populations of 
peanut rhizobia in the soils of Northeastern Brazil, we 
isolated and characterized bacteria from peanut nodules 
grown in soils of the state of Pernambuco (07°33'38 S 
and 35°00'09 W, 13 m asl). The objective of this work 

was to study the diversity of these rhizobia and to assess 
the application of phenotypic and molecular methods in 
the characterization of these bacteria for future work on 
biological nitrogen fixation. 
 
 

MATERIALS AND METHODS 

 
Twenty-two (22) rhizobial isolates were obtained from root nodules 
of seven peanut varieties (L7, BR 1, Caipó, Jumbo, Tatu, IAC 8112 
and Nativa) and cultured for 45 days in pots containing soil under 
peanut cultivation, collected from the layer of 0 to 20 cm in two sites 
of the municipality of Goiana (07°33'38 S and 35°00'09 W, 13 m 
asl), in the Zona da Mata physiographic zone of the state of 
Pernambuco, Brazil. The physical and chemical characteristics of 
the soils, determined according to the (EMBRAPA, 1997) 
methodology, were quite similar (Table 1). The isolation of rhizobia 
was performed according to the Vincent (1970) standard 
methodology on yeast mannitol agar medium (YMA) with 25 mgkg

-1
 

(w/v) Congo red. The isolates were preserved at -80°C in peptone-
glycerol medium. The isolates and reference strains are listed in 
Table 2. 

For morphological characterization (Vincent, 1970), the isolates 
were transferred to YMA medium and grown at 28°C. The following 
culture parameters were considered: regarding growth period, pH 
alteration of growth medium, colony morphology (shape, size, 
border, transparency and surface) and amount of extracellular 
polysaccharides (EPS) (Xavier et al., 1998). 

The isolates were tested for intrinsic antibiotic resistance (IAR) 
using six antibiotics at three different concentrations: 
chloramphenicol (2.5, 5 and 10 µg mL

-1
), erythromycin (100, 200 

and 400 µg mL
-1

), penicillin G (100, 200 and
 
400 µg mL

-1
), 

rifampicin (25, 50 and100 µg mL
-1

), neomycin (100, 200 and 400 µg 
mL

-1
) and tetracycline (1, 2 and 4 µg mL

-1
). The test was performed 

in Petri dishes plated with solid tryptone yeast extract (TY) medium. 
For molecular characterization, the isolates, along with the 19 

reference strains listed in Table 2, were grown in YM medium (YMA 
without agar) for 48 h. Subsequently, DNA extraction was 
performed using the methodology described by Lyra et al. (2006). 
The amplification of genomic DNA was performed by PCR using the 
primer BOXA1R (Versalovic et al., 1994). The amplification was 
performed with an initial denaturation step at 95°C for 7 min 
followed by 30 amplification cycles, each cycle consisting of a 30 s 
phase at 90°C, a 1 min phase at 52°C and an 8 min phase at 65°C.  
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Table 2. Identification of rhizobia isolates from seven varieties of peanut (Arachis hypogaea L.) grown in two 
Spodosols in Goiana municipality, State of Pernambuco, Brazil, and type strains. 
 

Isolate Peanut variety 
Type-strain 

 Strain Species 

LG32 L7  BR 29 (SEMIA 5019) Bradyrhizobium elkani 

LG29 BR 1  BR 11 (ATCC 10324) B. japonicum 

LG30 BR 1  BR 112 (USDA 205) Sinorhizobum fredii 

LG11 Caiapó  BR 7411(ATCC 9930) S. meliloti 

LG12 Caiapó  BR 525 (USDA 1037) S. medicae 

LG16 Caiapó  BR 526(USDA 4893) S. saheli 

LG40 Jumbo  BR 527 (USDA 4894) S. terangae 

LG7 TATU  BR 2406 (NGR 234) Rhizobium sp. 

LG8 TATU  BR 10016 (CFN 299) R. tropici tipo IIA 

LG41 IAC 8112  BR 322 (CIAT 899) R. tropici.tipo IIB 

LG42 Native  BR 10026 (CFN 42) R. etli 

LG39 L7  BR 10052 (ATCC 14482) R. leguminosarum bv. phaseoli 

LG34 BR 1  BR 7605 (LGM 6119) R. leguminosarum bv. trifolii 

LG35 BR 1  BR 10055 (HAMBI 540) R. galegae 

LG23 Caipó  BR 7801 (ATCC 33669) Mesorhizobium loti 

LG24 Caipó  BR 521 (USDA 3383) M. ciceri 

LG33 Caipó  BR 522 (USDA 3392) M. mediterraneum 

LG31 Jumbo  BR 524 (USDA 4779) M. huakuii 

LG37A TATU  BR 5410 (ORS 571) Azorhizobium caulinodans 

LG37B TATU    

LG43 IAC 112    

LG38 Native    
 
 
 

For the final step, an extra 16 min extension was performed at 
65°C. The reagents and their final concentrations used in the 
reaction with a final volume of 10 µl were as follows: genomic DNA 
(10 to 40 ng), dNTP mix (0.3 mM), Taq DNA polymerase (1 U), 
MgCl2 (2 mM), the BOX primer (2 mM), reaction buffer 10X (10%) 
and ultra pure water. The amplified products were stained with 
ethidium bromide, visualized using a UV transilluminator and 
photographed for further analysis for constructing dendrogram 
using bioinformatics tools. 

From the phenotypic (culture and IAR) and molecular 
characteristics of the bacteria, matrices were constructed using the 
program NTSYS pc version 2.01 (Rohlf, 1973), and cluster analysis 
dendrograms were generated. Genetic distances were calculated 
by the Simple Matching coefficient (SM) using the unweighted pair-
group method with arithmetic average (UPGMA) clustering method 
(Hart, 1983), and dendrograms were constructed using the SAHN 
method (sequential agglomerative hierarchical nested cluster 
analysis). 

 
 

RESULTS 
 

The 22 strains showed rapid growth (82% growing out in 
24 h and 18% in 48 h) and most (91%) acidified the 
culture medium. Regarding colony characteristics, 18% of 
the isolates showed a yellowish color; 82% were beige; 
9% were transparent; 36% were punctuate. 

According to morphological characteristics, isolates 
were grouped into two main clusters, with the LG37B 

separated from the others due to its distinguished culture 
characteristics (Figure 1). In the first group, nine isolates 
(LG31, LG32, LG43, LG33, LG34, LG39, LG38, LG35 
and LG37A) displayed 100% similarity, differing from 
other isolates of the same cluster by approximately 20%. 
The isolates LG40 and LG41 are with 100% DNA profile 
identity according to the morphological analysis. In 
cluster II, the isolates LG29 and LG30 are with 100% 
DNA profile identity and 60% similar to LG23. The 
dendrogram analysis did not show much variability 
among different isolates. 

All 22 isolates were resistant to penicillin G and 
chloramphenicol at all tested concentrations (100, 200 
and 400 µg mL

-1
 for penicillin; 2.5, 5 and 10 µg mL

-1
 for 

chloramphenicol). In the presence of tetracycline at a 
concentration of 1 µg mL

-1
, 91% of the isolates grew on 

solid medium; this number fell to 73% at the 
concentrations of 2 and 4 µg mL

-1
. In contrast, the 

isolates were susceptible to neomycin at all three tested 
concentrations (100, 200 and 400 µg mL

-1
), with an 

overall index of 91% non-resistance. Only 14% of the 
isolates were resistant to the antibiotic erythromycin at 
the tested concentrations, with no change of the 
resistance index with increasing concentrations, and 
resistant to rifampicin at the concentration of 25 µg mL

-1
. 

This  resistance  to  rifampicin  declined   to   9%   at   the  
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Figure 1. Similarity dendrogram constructed from the cultural characteristics of rhizobia isolated from peanut grown in two 
Spodosols in Goiana municipalitiy, State of Pernambuco, Brazil. 

 
 
 
subsequent concentrations (50 and 100 µg mL

-1
). The 

dendrogram constructed using the IAR data (Figure 2) 
was not effective in distinguishing classifications and 
grouping a large number of rhizobia within the same 
branch with maximum similarity indices.  

Genetic characterization using the primer BOXA1R 
generated significant amounts of amplicons that are 
highly variable in size and number, both from the studied 
isolates (Figures 3 and 4) and from the reference strains 
(Figure 5). Most of the amplified fragments were shown 
as a band of 2000 to 200 bp. With this BOX marker, 
rhizobia (isolates and reference strains) were first 
grouped into four clusters (Figure 6). Azorhizobium 
caulinodans strain form external branch, with a genetic 
distance of 48% in relation to other strains and isolates. 

Cluster I formed two major sub-clusters. In the first sub-
cluster, all the strains of the genus Sinorhizobium were 
clustered, except R. tropici type IIA and type IIB, 

Rhizobium etli and the slow-growing bacteria 
Bradyrhizobium elkanii and Bradyrhizobium japonicum 
that remained in the same branch. In the second sub-
cluster, the isolates LG23, LG30 and LG34, as well as 
the BR52 strain of Mesorhizobium ciceri, were not 
successfully amplified with the BOX element under the 
amplification conditions performed in this study. The 
other reference strains (Rhizobium sp. BR 2406, 
Mesorhizobium ciceri BR 521, Rhizobium leguminosarum 
bv. Phaseoli BR 10052, Rhizobium galegae BR 10055 
and Mesorhizobium mediterraneum BR 524) and the 
isolates LG 40, LG 41, LG 37 B, LG 42, LG 43, LG 29, 
LG 35, LG 39, LG 37 and LG 38 showed high variability. 
Cluster II grouped the isolates LG 8 and LG 12, which 
appear with a genetic identity of 100%, and LG 7, 
together with the Mesorhizobium huakuii BR 524 strain. 
In cluster III, the bacteria R. leguminosarum bv. trifolii and 
Mesorhizobium  loti   appear   with   100%   DNA    profile  
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Figure 2. Similarity dendrogram constructed from the characteristics of antibiotic resistance of rhizobia 
isolated from peanut grown in two Spodosols in Goiana municipalitiy, State of Pernambuco, Brazil. 

 
 
 

 
 

Figure 3. Profile of molecular DNA isolated LG 7, LG 8, LG 11, LG 12, LG 16, LG 23, 
LG 24, LG 29, LG 30, LG 32, LG 33 and LG 34, amplified with the primer BOXA1R in 
agarose gel 1%. 



 

2152        Afr. J. Biotechnol. 
 
 
 

 
 

Figure 4. Profile of molecular DNA isolated from LG 35, LG 37 A, B LG 37, LG 38, LG 39, LG 
40, LG 41, LG 42 and LG 43, amplified with the primer BOXA1R in agarose gel 1%. 

 
 
 

 
 

Figure 5. Profile of molecular DNA of reference strains amplified with the primer BOXA1R in 
agarose gel 1%. Legend: 1) BR29; 2) BR111; M1) Ladder 100 pb Invitrogen; 3) BR112; 4) 
BR7411; 5) BR525; 6) BR526; 7) BR527; 8) BR2406; 9) BR10016; 10) BR322; 11) BR10026; 
12) BR10052; 13) BR7605; 14) BR10055; 15) BR7801; 16) BR521; 17) BR522; 18) BR524; 
19) BR5410; M2) 1 Kb Plus Invitrogen. 
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Figure 6. Dendrogram of similarity of molecular characteristics (profile of DNA amplified with primer BOXAR1 in agarose gel 
1%) of reference strains and rhizobia isolated from nodules of peanut grown in two Spodosols in Goiana municipalitiy, State 
of Pernambuco, Brazil. 

 
 
 
identity. In cluster IV, the isolates LG32 and LG33, 
appearing with 100% DNA profile identity, were grouped 
together with LG24, which showed a similarity of 77% to 
the previous two. Of the 22 isolates, 18 (85.71%) showed 
no similarity, a coefficient equal to 100%, to any of the 
reference strains used in this experiment.  

The combination of the morphological, IAR and 
molecular data of these isolates (Figure 7) presented 
three clusters and two isolates with a monophyletic 
branch (LG16 and LG37B). Only the isolates LG32 and 
LG33 are with 100% DNA profile identity. In contrast, 
LG37B always appeared to be the most different.  
 
 
DISCUSSION 
 
According to morphological characteristics, isolates did 
not show much variability  among  different  isolates.  The 

22 strains showed rapid growth according to the 
classification of Jordan (1984), with 82% growing out in 
24 h and the remaining (18%) in 48 h. As expected for 
fast-growing rhizobia, most studied isolates (91%) 
acidified the culture medium. The pH changes generated 
by rhizobia in the culture medium are due to the 
preferential use of sugars by rapid-growth strains (Tan 
and Broughton, 1981), followed by excretion of organic 
acids and nitrogen compounds by slow-growing strains 
(Taurian et al., 2006). Other authors also isolated 
rhizobia with these growth characteristics in culture 
medium, in peanut growing in Brazilian (Santos et al., 
2007) and Argentinean (Angelini et al., 2011; Nievas et 
al., 2012) soils. However, this finding is not in agreement 
with the current knowledge that the peanut crop is usually 
nodulated by slow-growing rhizobia (Bradyrhizobium). 
Pinto et al. (2004) confirmed the predominance of slow-
growing bacteria in Arachis pintoi grown in the soils of the  
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Figure 7. Similarity dendrogram resulting from the compilation of cultural characteristics, antibiotic resistance and molecular (DNA 
profile, amplified with primer BOXAR1 in agarose gel 1%) rhizobia from nodules of peanut grown in two Spodosols in Goiana 
municipalitiy, State of Pernambuco, Brazil. 

 
 
 
Brazilian Cerrado (savannah). Taken together, these 
results indicate that peanut can form symbiosis with 
bacteria harboring diverse culture characteristics. As 
hypothesized by Angelini et al. (2011), in the field, peanut 
nodules are occupied by competitive strains. Thus, 
strains to be used for inoculation of peanuts in the Zona 
da Mata physiographic zone of the state of Pernambuco 
should be fast growing, to compete with the native 
strains. 

The production of polysaccharide is a marked 
characteristic of rhizobia. In general, fast-growing strains 
produce more polysaccharides than the slow-growing 
ones (Teixeira et al., 2010). The strains that do not 
produce polysaccharides are called dry and are more 
common in slow-growing rhizobia (Eaglesham et al., 
1990). In this study, nearly all isolates produced 
polysaccharide, except for the one that is classified as a 
dry colony. Polysaccharide can act as a protective barrier 

against biotic and abiotic factors, enabling the survival of 
the host organism in the soil (Teixeira et al., 2010; Xavier 
et al., 1998).  

In general, the isolates demonstrated high resistance to 
the antibiotics penicillin G, chloramphenicol and 
tetracycline. Antibiotic resistance is a widely used 
parameter for rhizobium classification; it also serves as 
an indicator for the presence of actinomycetes in the soil 
from which rhizobia have been isolated (Martins et al., 
1997). There is also a close correlation between antibiotic 
resistance and polysaccharide production (Fernandes Jr 
et al., 2012). Intrinsic antibiotic resistance is also one of 
the characteristics that can distinguish between strains of 
rhizobia and the pattern of IAR is useful in the strain 
identification (Rasul et al., 2012). However, the 
dendrogram constructed using the IAR data (Figure 2) 
was not effective in distinguishing classifications and 
grouping  a  large  number  of  rhizobia  within  the   same  



 

 
 
 
 
branch with maximum similarity indices. Similar 
observations have been made by Silva et al. (2002), 
stating that IAR is not a useful parameter for taxonomic 
purposes.  

Genetic characterization using the primer BOXA1R 
generated significant amounts of amplicons that are 
highly variable in size and number, both from the studied 
isolates (Figures 3 and 4) and from the reference strains 
(Figure 5). It is possible that some isolates grouped in 
cluster I represent new rhizobia species capable of 
nodulating peanut. In cluster III, the bacteria R. 
leguminosarum bv. trifolii and Mesorhizobium loti had 
100% DNA profile identity. However, these species are 
quite different in their genetic organization. In R. 
leguminosarum bv. trifolii, nodulation genes are located in 
the symbiotic plasmid pSym, while in M. loti, these genes 
are in the chromosome (Spaink et al., 1998). This result 
can be attributed to the fact that the BOX element is 
located in a very similar region in the two strains, despite 
the fact that they have distinctive genetic organization. Of 
the 22 isolates, 18 (85.71%) showed no similarity, a 
coefficient equal to 100%, to any of the reference strains 
used in this experiment, despite the fact that these 
rhizobia were isolated from plants of the same species 
and native from the soils of the same physiographic 
region. This observation further emphasizes the high 
degree of variability of rhizobia present in the tropics. 

Comparing the dendrograms constructed according to 
the culture, IAR and molecular characteristics, we 
observed that the first two parameters were not effective 
in demonstrating the variability among the isolates. The 
clustering of a large number of isolates in the same 
branch obtained in the IAR dendrogram showed a high 
discrepancy with the results obtained from the 
morphological and molecular analyses. An example of 
this discrepancy is that the strain LG11, appearing 
alongside the isolates LG7, LG8, LG12, LG24, LG38, 
LG37A, LG35, LG33, LG31, LG32, LG34 and LG39 in the 
same branch, was shown far apart from them in the 
subsequent dendrograms; it was clustered with the 
isolate LG16 in the morphological dendrogram and was 
completely isolated in the molecular dendrogram.  

The dendrogram resulting from the compilation of 
cultural characteristics, antibiotic resistance and 
molecular data of the isolates (Figure 7) presented three 
clusters and two isolates with an external branch (LG16 
and LG37B). LG37B appeared to be the most different 
isolate and may be a novel species because it presents 
high diversity in morphology, IAR and molecular profiles 
as compared to other studied isolates. By combining the 
data together, the high variability among the isolates was 
even more striking.  

According to the results shown in the constructed 
dendrograms, the number of taxonomic groups 
generated from the compilation of phenotypic and 
molecular characteristics (20 groups) was larger than the 
number  generated  from   molecular   data   (18  groups),  
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culture data (12 groups) and from the IAR data (5 
groups). These results were expected because the 
compilation of several characteristics decreases the 
possibility of interpretation errors as compared to the 
analysis based on only one cellular character (Tan and 
Broughton, 1981). 

Taking into account the definition of species 
(Stackebrandt and Goebel, 1994), one can consider that 
the isolates LG32 and LG33 belong to the same 
taxonomic group based on the constructed dendrograms 
because they showed maximum similarity in all 
dendrograms. Regarding environmental impact and 
morphological polymorphism, a relationship between the 
origin and the presented similarity of the isolates was 
observed. For example, in the first cluster of the 
morphological dendrogram, the isolates LG31, LG32, 
LG43, LG33, LG34, LG39, LG38, LG35 and LG37A 
appeared in the same branch, and all, except LG32, were 
native to the same soil in a peanut plantation. The same 
correlation was observed in the isolates LG40 and LG41, 
as well as in LG29 and LG30, which were native to the 
soil of the Umbú mill in Goiana, PE. The similarity 
between rhizobial isolates sharing the same microclimate 
and edaphoclimatic environment can be explained by the 
fact that bacteria develop similar adaptation strategies in 
a similar environment. It is unlikely to identify changes 
incorporated into the bacterial genome solely based on 
the morphological characterization. Morphological 
changes are more relevant to abiotic factors than to 
genetic factors (Straliotto and Rumjanek, 1999). 
Therefore, the rhizobia populations in our study may be 
recently established and may have not been completely 
adapted yet. 

Bacteria from nodules of peanut plants cultivated in 
soils of the Zona da Mata physiographic zone of the state 
of Pernambuco have different characteristics from those 
described for the cowpea miscellaneous group. In these 
soils, the predominant bacteria are fast growing, produce 
acid in YMA medium and have attributes related to 
survival strategies (abundant exopolysaccharides and 
resistance to antibiotics). However, phenotypical 
characteristics provide little information on the diversity 
and phylogeny of these bacteria, while molecular 
analyses reveal large genetic diversity and differences 
among strain types, which indicates the possible 
occurrence of new species. 
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