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ABSTRACT 

 

The aim of this study was to characterize rhizobial isolates from Cratylia mollis Mart. ex Benth, 

Calliandra depauperata Benth. and Mimosa tenuiflora (Willd.) Poir. by means of rhizobial colonies 

morphology and restriction analysis of the 16S ribosomal gene (16S rDNA-ARDRA). Nodules were 

collected in the field and from plants cultivated in a greenhouse experiment using Caatinga soil samples. 

Sixty seven isolates were described by morphological analysis. Forty seven representative isolates were 

used for ARDRA analysis using seven restriction enzymes. We observed high diversity of both slow and 

fast-growing rhizobia that formed three morpho-physiological clusters. A few fast-growing isolates formed 

a group of strains of the Bradyrhizobium type; however, most of them diverged from the B. japonicum and 

B. elkanii species. Cratylia mollis nodule isolates were the most diverse, while all Mimosa tenuiflora 

isolates displayed fast growth with no pH change and were clustered into groups bearing 100% similarity, 

according to ARDRA results. 
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INTRODUCTION 

 

The family Leguminosae consists of eighteen thousand 

species classified into around 650 genera widely spread around 

the globe (7). Distribution of these species over extreme 

environments has been attributed to the development of 

morpho-physiological mechanisms such as drought adaptation 

(6). The Caatinga biome is characterized by its shortage of 

water and by its edaphic and microclimate heterogeneity. All 

these features determine quite peculiar patterns of species 

distribution that allow for a large floristic diversity. Out of the 

1041 species cataloged in the Caatinga, about 40% belong to 

the family Leguminosae, which has expressive relevance to the 

region, ecologically, socially and economically (10). Among 

these, the species Cratylia mollis Mart. ex Benth., Calliandra 

depauperata Benth. and Mimosa tenuiflora (Willd.) Poir. are 

used as forage for livestock, as firewood and as hedge (7, 11). 

Most of species of this botanic family are capable of 

establishing symbiotic relationships with nitrogen-fixing 

bacteria in the Caatinga, helping to maintain soil fertility in the 

region (26). However, not much is known about the diversity 

of rhizobia that induces root nodules on C.  mollis, C. 

depauperata and Mimosa tenuiflora. 

In recent years, as molecular tools have been used in the
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studies about the diversity of rhizobia, new species have been 

described, and changes in the taxonomy of such group of 

microorganisms have been suggested, including other bacteria 

of the Burkholderiales order (4, 5, 15). The objective of this 

study was to characterize rhizobia indigenous from Caatinga 

region associated with C. mollis, C. depauperata and M. 

tenuiflora by applying morphological analysis of the rhizobia 

cultures and restriction analysis of the amplified ribosomal 

DNA (16S rDNA-ARDRA). 

 

MATERIALS AND METHODS 

 

Soil samples were collected from a Caatinga area 

(Petrolina, Pernambuco State, Brazil). The C. mollis and C. 

depauperata plants were grown in a pot with soil and sand 

(1:2, w:w), and kept in a greenhouse to the plant growth and 

development of the root nodules. The M. tenuiflora nodules 

and a portion of the C. mollis nodules were also field-collected 

in the same plot. 

The nodules were washed with alcohol (70% v/v - 1 mim), 

to break the surface tension, superficially disinfected with 

hydrogen peroxide (H2O2 - 5 min) and washed five times with 

sterile distilled water. The surface disinfected nodules were 

crushed with claw on Petri dishes containing solid YMA 

medium with congo red indicator (27). The Petri dishes were 

incubated at 28°C for seven days with diary observation. The 

rhizobial isolates were transferred to Petri dishes containing 

YMA medium with bromothymol blue (27), purified and 

stored. 

To the morphological characterization rhizobial isolates 

were grown in YMA medium (27), the parameter considered 

was growth period, pH alteration of culture medium, colony 

color, edge type, uniformity of the culture in the dish, colony 

diameter, and mucus consistency and elasticity (29). 

Total DNA was extracted using Tris-EDTA-SDS buffer 

(50 mM Tris, 10 mM EDTA, 1% SDS, pH 8,0). The protein 

precipitation were carried out using 

phenol:chloroform:isoamylic alcohol (25:24:1), and 

chloroform:isoamylic alcohol (24:1). DNA precipitation was 

carried out using sodium acetate and isopropanol at -20oC. The 

16S rDNA ribosomal gene was amplified using universal 

primers Y1 and Y3 (31). PCR reactions were prepared 

according to Zilli et al. (33), with initial denaturation at 95oC 

for 2 min, followed by 35 cycles of denaturation at 93oC for 45 

s, annealing at 62oC for 45 s, and elongation at 72oC for 2 min, 

with a final elongation step of 5 min at 72oC. 

The amplification product was digested separately using 

seven restriction endonuclease (AluI, HaeIII, HhaI, HinfI, 

MspI, RsaI and TaqI) following the manufacturer’s 

recommendations. The fragments produced were separated by 

electrophoresis for 3 hours at 85V in ultrapure agarose gel (3% 

w/v). In this analysis, six known strains were also used: BR 29 

(Bradyrhizobium elkani), BR 111 (Bradyrhizobium 

japonicum), BR 10026 (Rhizobium etli), BR 10016 (Rhizobium 

tropici), BR 112 (Sinorhizobium fredii) and BR 5410 

(Azorhizobium caulinodans). The strains were obtained from 

the diazotroph culture collection of Empraba Agrobiologia 

(www.cnpab.embrapa.br). 

Morphological characterization data and ARDRA profiles 

were converted into an absence/presence binary matrix (0, 1). 

Simple Matching Coefficient and the UPGMA clustering 

method, available in the NTSYS program, version 2.1 (18), 

were used to build dendrograms. 

 

RESULTS AND DISCUSSION 

 

Sixty seven isolates from the three species were obtained 

and morphologically characterized. Thirty nine out of these 

were isolated from field-collected nodules and 28 from nodules 

acquired in a greenhouse. Forty isolates (59.7%) were extracted 

from the C. mollis nodules, 23 were derived from the field and 

17 from greenhouse experiment. Eleven C. depauperata 

isolates were collected from root nodules grown in a 

greenhouse, while 16 M. tenuiflora isolates were obtained from 

nodules collected from the field. 

In relation to the growth period, 6 isolates were 

characterized as slow-growing and 61 isolates as fast-growing 

(Figure 1). It was observed that all slow growing isolates were 
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obtained from Cratylia mollis. For this specie the proportion 

between fast and slow growing rhizobia were similar to isolates 

obtained from field collected nodules and nodules obtained 

from greenhouse experiment. It suggests that the sampling to 

obtain rhizobial isolates from Cratylia mollis with different 

growth rates may be conducted at field or greenhouse 

conditions. Therefore, rhizobial isolates from Calliandra 

depauperata and M. tenuiflora did not presented slow growth 

rate. 

Regarding the type of pH change in the culture medium, 

12 isolates were able to acidify the medium, 3 alkalized the 

medium, and 52 did not alter the pH of the medium (Figure 1). 

The fact that fast-growing rhizobia have been often found in  

 

 

arid regions reflects a survival strategy in adverse conditions 

based on the reduction of the generational interval, as 

suggested by Sprent (23). Martins et al. (12) and Santos et al. 

(20) obtained similar results with cowpea root nodules and 

peanut root nodules, respectively. 

The diversity of this microorganism group may be 

influenced by the different chemical composition of the root 

exudates, as well as by the land use system, among other 

factors (8, 24). Because of the symbiotic relation with legumes, 

it is suggested that rhizobia diversity is strictly related to the 

variety of legume species in the location, pointing evolutional 

adaptations of both symbiotic partners (23). 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Organization of the isolates according to the species studied and the method of collecting nodules. Classification based 

on (A) growth period of the colonies and on (B) pH alteration of the culture medium. CM - C. mollis, CD - C. depauperata, MT - 

M. tenuiflora, CA – field and CV - greenhouse. 

A 

B 

0

5

10

15

20

CM-CA CM-CV CD-CV MT -CA

N
um

be
r 

of
 is

ol
at

es

Fast Slow

0

5

10

15

20

CM-CA CM-CV CD-CV MT-CA

N
um

be
r 

of
 is

ol
at

es

Acid Neutral Alkaline



 204

Teixeira, F.C.P. et al. 
 
 
 

Regarding other morphological features, there was a small 

variation among the isolates: most presented white coloring 

(97%), smooth colony edge (97%) and large quantity of mucus 

production (70%). Batista et al. (3) noted an increasing 

tendency of Bradyrhizobium isolates to produce mucus as a 

reflection of the adaptation to the acid soils of the Brazilian 

tropical Savannah known as Cerrado. 

According to the clustering based on the morphological 

characteristics of the colonies, we could notice the formation of 

three main groups (Figure 2). Group A consisted of slow- 

 

growing isolates that alkalized the medium, a feature of the 

Bradyrhizobium genus. Group B consisted of most fast-

growing isolates, which divided in several subgroups. One of 

these subgroups (jp isolates) gathered most of the M. tenuiflora 

isolates, which displayed neutral and fast growing, viscosity, 

and 2 mm diameter colonies. Isolates from Group C did not 

display mucus elasticity, unlike most isolates from preceding 

groups. Group C presented the only isolates that displayed root 

like border colonies. 
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Figure 2. Similarity dendrogram 

created from the morphophysiological 

characterization data using the Simple 

Matching similarity index and the 

UPGMA clustering method. CM - C. 

mollis, CD - C. depauperata, MT - M. 

tenuiflora, CA – field and CV - 

greenhouse. 
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Another study detected a high diversity of rhizobia using 

Arachis hypogaea (20) and Vigna unguiculata L. Walp. (12) as 

trap host to obtain rhizobial from Caatinga soil. Lammel et al. 

(9) observed that the morphological features of rhizobia 

isolated from legumes grown in araucaria region were different 

from those of standard strains (Rhizobium tropici, 

Bradyrhizobium elkanii and Burkholderia sp). 

Forty seven (70%) morphological clusters representative 

isolates were selected for the restriction analysis of the 16S 

rDNA gene. It were observed a variation from 10 (MspI) to 18 

(HinfI) bands generated by each restriction enzyme. A total of 

95 bands were generated analyzing all endonucleases and 

isolates studied. The dendrogram in Figure 3 shows three main 

groups (A, B and C).  

In group A, four subgroups with 80% of the similarity 

were formed (Figure 3). The first (A1) consisted of slow-

growing C. mollis isolates having neutral or alkaline pH 

change. In this clustering there were strains of the 

Bradyrhizobium genus (BR29 e BR111). The second subgroup 

(A2) also consisted of C. mollis isolates, being 11 isolates from 

nodules collected in the field and two from nodules collected in 

a greenhouse; all isolates were fast-growing and only one was 

able to acidify the culture medium. Subgroup three (A3), which 

consisted of two C. mollis isolates collected in a greenhouse, 

displayed fast-growing isolates with no pH change in the 

medium. The last subgroup (A4) had two clusters with isolates 

that presented 100% similarity: the first cluster presented four 

C. depauperata isolates that acidified the medium and did not 

display mucus elasticity; and the second had eight M. 

tenuiflora isolates that did not change the pH of the medium 

culture, and displayed mucus elasticity and viscosity. 

M. tenuiflora isolates displayed a high level of similarity 

according to the phenotypic analysis (Figure 2), and clustered 

in identical groups according to the genotypic analysis (Figure 

3), indicating a possible model for the evolutional process of 

the legume-rhizobium. Recent works have showed that nodule 

isolates from different species of Mimosa belong to the β-

rhizobium group of the Burkholderia genus (2, 4, 5). 

       Due to the fact that group A comprised the B. japonicum 

and B. elkanii strains (Figure 3), which displayed three 

subgroups of fast-growing isolates that differed from the 

Rhizobium and Sinorhizobium strains, it is suggested that the 

Bradyrhizobium genus is the most diverse genus observed so 

far, confirming data from previous studies (30, 25). Such 

knowledge reinforces that changes in the rhizobia taxonomy 

and new species description or reclassification are still current 

(32). 

Group B, having nine isolates, displayed one subgroup 

comprising most isolates that clustered with strains of the 

Rhizobium and Sinorhizobium genera (BR10026, BR10016 e 

BR 112). These isolates originated from C. mollis nodules, 

although, unlike group A, most of these isolates (five out of 

seven) were obtained from nodules collected in the greenhouse 

experiment. Furthermore, this cluster displayed one strain of 

the Azorhizobium genus (BR5410) and two C. depauperata 

isolates, which were found in farther subgroups (Figure 3).  

By studying the diversity of soybean and common bean 

Alberton et al. (1) observed how the type of sample affected 

the diversity of the isolates collected. In this study, the 

common bean isolates that were obtained from nodules of 

plants inoculated with a 10-4 soil dilution showed to be more 

diverse than the isolates obtained from nodules collected in the 

field, whereas in the soybean culture there was a decrease in 

diversity. 

Group C displayed four C. mollis isolates that were about 

67% similar among them and 64% similar to the other isolates 

evaluated. The bacteria group collected from C. mollis nodules 

presented fast-growing and slow-growing bacteria, close to the 

standard strains of the Bradyrhizobium genus, placing the 

rhizobia that form nodules on this legume within the tropical 

rhizobia group. This tropical rhizobial group or cowpea group 

has been classified as rhizobia with a wide range of hosts (19). 

Another species of such genus, Cratylia argentea, has also 

been depicted as capable of forming nodules with rhizobial 

strains of the cowpea group (28). 

Among the species studied, C. mollis presented the highest 

isolate diversity, since isolates of this species were present in 

all clustering of the both 16S rDNA and morphological-based
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similarity dendrogram. Cratylia mollis showed to be the specie 

that recovered higher rhizobial diversity. Isolates from 

Calliandra depauperata were distributed into two clusters 

through the ARDRA analysis, showing to belong to two 

different rhizobial genotypes. Therefore, M. tenuiflora 

presented the lowest rhizobial diversity, among the three plant 

species studied, once its isolates belonged to a single clusters 

with 100% of simple matching similarity index, in the ARDRA 

analisys (Figure 3). Recent results  have been shown that 

Mimosa genera are able to form nodules with β-rhizobium (2, 

4, 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Similarity dendrogram created from the restriction profiles of the 16S rDNA gene of the isolates using the Simple 

Matching similarity index and the UPGMA clustering method. CM - C. mollis, CD - C. depauperata, MT - M. tenuiflora, CA – 

field and CV - greenhouse. 
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Soares et al. (21, 22) had not found relations between the 

genotypic clusters, based on total-protein profile, and the 

morphological culture characterization of common bean and 

cowpea rhizobial isolates. In present study, both 

characterization approaches (genetic and morphologic) showed 

similar clustering patterns. Slow-growing isolates that 

alkalinize the culture medium clustered in a small group, not 

only in the morphologic analysis, but also in the restriction 

analysis of the 16S rDNA gene (Figures 2 and 3). M. tenuiflora 

isolates formed a consistent cluster both morphological and 

ARDRA analysis (Figures 2 and 3). Several isolates present in 

subgroups of cluster B through the morphological (Figure 2) 

formed consistent clusters through ARDRA analysis (Figure 

3). 

In recent years the classification of these microorganisms 

had been carried out with polyphasic taxonomic approaches, 

which aggregates phenotypic, genotypic and phylogenetic 

information (14, 17, 30, 33, 34). The studies that involve 

phenotypic and genetic characterization of rhizobial strains are 

important to elucidate relationships among these strains.  

The results demonstrated the wide diversity of rhizobia 

present in the Caatinga, not only on a morphological level but 

also on a genetic level, as based on the three host legumes 

Cratylia mollis, Mimosa tenuiflora and Calliandra 

depauperata, which are typical of plants well adapted to the 

semi-arid climate and that until now had not been extensively 

studied in relation to the diversity of associated rhizobia. The 

knowledge about the ecology of Caatinga indigenous rhizobia 

must reveal parameters related to strain adaptability and 

symbiotic specificity, which are useful when selecting efficient 

strains to new inoculant formulations development (13, 16). 
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