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Abstract

Rhizobium-legume symbiosis is considered as one of the most 
well established symbiotic nitrogen fixing system for agro-
nomic studies. Association between legumes and rhizobia 
results in the formation of root nodules where symbiotic ni-
trogen fixation occurs. The current study aimed to authenti-
cate 110 isolates from 20 sites belonging to 10 governorates 
in Iraq, tested their capacity of nodulation with cowpea and 
classified them depending on the phenotype and genotype 
presented by sequence analysis of 16S rRNA. To fulfill these 
goals, many approaches have been implemented such as Au-
thentication Tests, Bromothymol Blue Reaction, Colony Size 
and Morphology, Antibiotic Test, Sequencing of 16S rRNA 
and Phylogenetic analysis. This study provides an easy way 
to classify the Bradyrhizobia sp. strains by genotype analysis 
depending on the phenotypes (i.e. motility and colony size) 
by sample preservation and high quality DNA isolation from 
environmental soil samples followed by 16S rRNA sequenc-
ing. This molecular technique has demonstrated the useful-
ness of these methods, easy technologies, and their appli-
cations to microbiome analysis and environmental science. 
Interestingly, a group of Bradyrhizobia identified in the cur-
rent study was able to secrete acidic products before switch-
ing and starting to secrete alkali products after 1, 2 and 3 
days. This is an unusual phenotype observed within rhizobia 
strains.
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Introduction

Crop yields are linked to the use of soil or foliar fertiliz-
ers that are applied to supply one or more essential nutrients 
that support plant growth and production (Stewart et al., 2005). 
Many reports estimate that 30 to 50% of crop yields are attrib-
uted to natural or synthetic commercial fertilizers (Gowariker et 
al., 2009; Stewart et al., 2005). There are 14 essential elements 
for plant growth and development. Nitrogen (N), Phosphorus (P) 
and Potassium (K) are the three essential elements needed in 
large quantity by plants, which are usually known as Macro-
elements (Salisbury and Ross, 1985). Not all soils are rich in NPK 
and thus nutrients must be supplied through fertilizers (Dittmar 
et al., 2009). In fact, these three elements must be added to 
arable soils to secure the sufficiency level of each for optimum 
crop yield. However, most farmers worldwide, due to high costs 
and environmental concerns, limit the use of synthetic fertiliz-
ers. Although much of the nitrogen is removed when protein-rich 
grains or hay are harvested, significant amounts can remain in 
the soil for future crops (Bisen et al., 2012). This is especially 
important when nitrogen fertilizer is not used, such as in crop 
rotation schemes used in less industrialized countries. Nitrogen 
is the most commonly deficient nutrient in many soils around the 
world; therefore, it is the most commonly supplied plant nutri-
ent. During the last two decades, many studies focused on the 
widespread applications of natural nitrogen suppliers such as 
nitrogen-fixing Rhizobia sp. (Abaidoo et al., 2000; Shahzad et 
al., 2012; Steenkamp et al., 2008; Abdulameer, 2010; Mar-
tyniuk et al., 2013).
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Rhizobia sp. is soil bacteria that fix nitrogen (diazotrophs) 

after establishing inside root nodules of legumes (Fabaceae) in 
a very well-known process called biological nitrogen fixation 
(BNF). Rhizobia require a plant host and cannot independent-
ly fix nitrogen. The Rhizobium-legume symbiosis is one of the 
most prominent beneficial plant-microbe interactions (González 
and Gonzalez-López, 2013). BNF has received high attention 
because of the central role it plays in the maintenance of soil 
fertility (Sprent and Sprent, 1990; Chemining’wa et al., 2011). 
Legumes have the potential to contribute to soil nitrogen and 
increase yields of subsequent or associated non-legume crops 
through symbiotic nitrogen fixation (Brockwell et al.,  1995). 

Cowpea (Vigna unguiculata L. Walp.) is one of the main prod-
ucts of family farming in semi-arid regions such as Iraq and is 
of considerable importance as a protein source for low-income 
populations of rural areas. It is well known that cowpea is rela-
tively resistant to salinity and drought stress (Eaglesham et al., 
1992). Cowpea Rhizobia were first classified as a heteroge-
neous group of slow-growing rhizobia that nodulates promiscu-
ous tropical and subtropical legume species known as ‘cowpea 
cross-inoculation group’ (Allen and Allen, 1981). Furthermore, 
Rhizobia, representing the ‘cowpea group’ Cowpea Rhizobia 
(Bradyrhizobium spp.), are usually slow-growing bacteria of the 
genus Bradyrhizobium belonging to the order Rhizobiales of the 
Alphaproteobacteria class (Garrity et al., 2005; Jordan, 1982; 
Kuykendall, 2005a,b). Bradyrhizobium species are Gram-nega-
tive bacilli (rod shaped) with a single subpolar or polar flagel-
lum. Many changes in rhizobia taxonomy have occurred during 
the last decade due to an increase of available phenetic and 
genetic information about this group of bacteria (Silva et al.,  
2012). Knowledge of the diversity of rhizobia is of paramount 
importance as it is a source of genetic resources for selection of 
strains adapted to different conditions. Currently, the system of 
microbial taxonomy addresses a joint analysis of morphologi-
cal, physiological and different molecular tools. Statistical meth-
ods are used to evaluate the differences and similarities among 
microorganisms, providing quantitative measures of similarities 
among microorganisms. However, rhizobia taxonomy has been 
changed in recent years due to the use of molecular tools allow-
ing for the identification of new groups of bacteria capable of 
nodulation and nitrogen fixation in legumes (Chen et al., 2005). 
In this study, a total of 110 strains isolated from 20 sites belong-
ing to 10 governorates in Iraq were tested for their ability to 
fix nitrogen and to symbiotically interact with the cowpea as a 
plant host. Next, we focused on bacterial nodulation by testing 
new rhizobia isolates from the 20 sites belonging to the most 
important cowpea production area in Iraq. Interestingly, the 60 
rhizobia strains were genetically identified and classified by se-
quencing the 16S rRNA gene. The 16S rRNA gene is a highly 
conserved component of the transcriptional machinery of all 
DNA-based life forms and thus is highly suited as a target gene 
for sequencing DNA in samples containing up to thousands of 
different species.

Material and Methods

Bacterial Isolate

One hundred and ten bacteria isolates were obtained from 
cowpea root nodules in 20 different field sites in 10 governor-
ates of Iraq, belonging to the most important cowpea produc-
tion areas in the country. These are namely: Al Basrah, Dhi-Qar, 
Misan, Wasit, Babil, Al Anbar, Baghdad, Salahudein, Suleiman-
yah, and Ninevah. Nodules were surface sterilized by immersing 
in 95% v/v ethanol for 10 sec. followed by 30% v/v solution of 
sodium hypochlorite for 4 min and then rinsed with sterile dis-
tilled water. They were then placed in 3% v/v hydrogen perox-
ide for 1 min, followed by rinsing five times in sterile water. The 
sterilized nodules were crushed in a large drop of sterile water 
in a petri dish. The nodule suspension was next streak inoculated 
on yeast mannitol agar (YMA) (Somasegran and Hoben, 1994) 
and incubated at 28ºC for 5 days. Single colonies were selected 
and streaked onto YMA slant and kept at 4ºC for short-term 
storage with sub culturing every 4 months. Long-term storage 
was carried out by storing the culture broth in 10% glycerol at 
–80ºC.

Authentication Tests

All 110 bacterial strains were authenticated in order to deter-
mine if they were cowpea rhizobia by observing nodule for-
mation on cowpea roots grown in autoclaved sandy soil. Steril-
ized seeds of cowpea cultivars were inoculated with different 
bacteria strains. Non-inoculated controls were used to check for 
cross-contamination.

Nodulation Assay of  the Cowpea Plants

Cowpea plants were grown on autoclaved sandy and organ-
ic soil (50:50) and watered as needed. Sixty rhizobium strains 
were grown in YMA medium for 5 days at 28ºC until reaching 
the exponential growth phase. Bacterial inoculation was done 
at the time of sowing (10% volume by seed weight). Inoculated 
plants were grown in the greenhouse under 27°C, 70% humidity, 
and 16-hour artificially supplemented light conditions. 

Bromothymol Blue Reaction

All authenticated cowpea rhizobia cells were streaked onto 
agar plates containing YM medium with Bromothymol blue at 
25 µl/ml final concentration. Then, the plates were incubated at 
28ºC. The authenticity of each strain was detected during the 10 
day incubation period with observation for color of the indicator 
dye on the plates (Somasegaran and Hoben, 1994). Fast grow-
ing rhizobia changed color of the indicator dye to yellow while 
slow growing rhizobia turned the indicator dye to blue.

Colony Size and Morphology

Colony size and morphology were measured by incubating 
single cells onto the center of agar plates containing YM me-
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dium. The plates were incubated at 28ºC for 10 days with mor-
phology observations of movement, convex, flat, etc. The size 
of the colonies was also measured at the end of the 10-day 
incubation period.

Antibiotic Test

Antibiotic tests were conducted by spreading bacteria on pe-
tri dishes containing Mueller-Hinton agar and testing two differ-
ent antibiotic discs. The discs were equidistant from the others to 
avoid overlapping zones of inhibition. The antibiotics discs test-
ed were Spectinomycin and Streptomycin at 100 µg and 300 
µg concentrations, respectively. The plates were incubated at 
28ºC. The presence or absence of an inhibition zone was noted, 
indicating susceptibility, resistance, or intermediate resistance.

DNA Isolation

In order to extract bacterial DNA, the bacteria isolates were 
incubated into YM broth in a 15 ml sterile tube and incubated 
under shaking conditions at 200 rpm, 28ºC for 5 days. Cells 
were harvested by centrifugation at 13.2 x 1000 rpm for 10 
min then washed once with 0.85% NaCl solution to eliminate 
extracellular polysaccharides before chromosomal DNA isola-
tion. Bacterial DNA was obtained using Wizard Genomic DNA 

purification kit from Promega.

Polymerase Chain Reaction (PCR) Amplification of  the 16S rRNA 
Gene

Genomic DNA from each isolate was amplified using the 
primer fD1 (5`- AGAGTTTGATCCTGGCTCAG – 3`) and rD1 
(5`- AAGGAGGTGATCCAGCC – 3`) in order to amplify the 
16S rRNA as described by Weisburg et al. (1991). The selected 
primers were derived from conserved regions of the 16S rRNA 
gene and amplified nearly 1500 bp of full-length 16S rRNA 
gene (Weisburg et al.  1991). PCR amplifications were carried 
out in total reaction volumes of 25 µl containing 2.0 mmol/L 
MgCl2, 200 µmol/L of dNTPs, 1 µmol/L of each primer, 30 ng 
of genomic DNA and 1.5 U OF Pfu DNA polymerase (Agilent 
Technologies). The temperature profile was as follows: an initial 
denaturation step at 95ºC for 3 min, 35 cycles of denaturation at 
94ºC for 30 sec; then annealing at 51ºC for 1 min and extension 
at 72ºC for 2 min with a final extension at 72ºC for 7 min.

Sequencing of  16S rRNA

Products of amplification belonging to approximately 60 
strains were purified with QlA quick PCR purification kit (from 
QIAGEN) prior sequencing and then sequenced at GeneWiz 

Fig. 1. Geographic distribution of the rhizobia bacterial collection sites in Iraq. Sixty bacteria isolates were obtained from 
cowpea root nodules of 20 locations from different field sites in 10 governorates in Iraq, belonging to the most important 
cowpea production area in Iraq (Basrah, Dhi-Qar, Misan, Wasit, Babil, Al Anbar, Baghdad, Salahudein, Suleimanyah, and 
Ninevah).
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Company, USA, using the primers fD1 and rD1. The 16S rRNA 
sequences were first analyzed with Seqman-DNA star Laser-
gene software; then, the closely related sequences found were 
analyzed by Culstal W program.

Phylogenetic Analysis and Genomic Structure

Multiple sequence alignments were performed using the 
MEGA4 software package and the Clustal-W algorithm. An 
unrooted phylogenetic tree was calculated with the neighbour-
joining method (Saitou and Nei, 1987), and tree topology ro-
bustness was tested by bootstrap analysis of 5,000 replicates. 
Alignment analysis of the 16S rRNA sequenced genes from the 

different rhizobia strains, in addition to the reference 16S rRNA 
sequences were obtained using MegAlign 4 software. All pa-
rameter values corresponded to default definitions.

Results

Authentication Test 

In this study, a total of 110 strains isolated from 20 sites be-
longing to 10 governorates in Iraq (Fig. 1) were tested to their 
ability to form nodules. From the 110 bacteria isolated, we au-
thenticated a total number of 60 isolates that re-nodulated their 
original host cowpea confirming their symbiotic status (Table 1). 

Strain ID Nodule number
with Cowpea

Colony size (mm) Antibiotic Test
Spectinomycin Streptomycin

After 5 days After 10 days S I R S I R
S1 50 35 85 + +
S2 20 85 85 + +
S3 55 85 85 + +
S4 12 12 20 + +
S5 5 85 85 + +
S6 25 85 85 + +
S7 4 12 20 + +
S8 30 10 15 + +
S9 35 25 85 + +

S10 7 12 20 + +
S11 10 8 15 + +
S12 25 20 55 + +
S13 2 10 15 + +
S14 17 10 20 + +
S15 29 9 15 + +
S16 7 19 85 + +
S17 29 10 22 + +
S18 7 10 20 + +
S19 2 12 23 + +
S20 3 12 24 + +
S21 18 9 15 + +
S22 6 10 15 + +
S23 6 19 24 + +
S24 7 18 25 + +
S25 5 16 25 + +
S26 25 10 20 + +
S27 15 75 85 + +
S28 10 75 85 + +
S29 3 70 85 + +
S31 10 12 24 + +
S32 6 50 85 + +
S33 7 50 85 + +
S34 4 5 10 + +
S35 6 9 16 + +
S36 4 8 10 + +
S37 2 10 20 + +
S38 13 25 85 + +
S39 10 85 85 + +
S40 2 10 17 + +
S41 2 7 10 + +
S43 7 13 20 + +
S44 3 8 12 + +
S45 3 19 26 + +
S46 2 20 27 + +
S47 89 85 85 + +
S48 21 5 10 + +
S49 89 12 20 + +
S50 89 10 20 + +
S51 78 85 85 + +
S52 3 20 39 + +
S54 16 85 85 + +
S55 3 9 20 + +
S56 2 9 15 + +
S57 7 10 15 + +
S58 4 17 85 + +
S59 19 12 20 + +
S60 1 55 85 + +
S61 5 85 85 + +
S62 2 12 20 + +
S63 10 18 28 + +

Table 1. Phenotypic data of the Sixty cowpea rhizobia. Second column present the nodule 
number, third and fourth column show the colony size after 5 and 10 day of growth, last columns 
present antibiotic discs tested; Spectinomycin and Streptomycin at 100 mg and 300 mg con-
centrations, respectively. S= susceptibility, R= resistance or I= Intermediate resistance. Red signs 
present the five cowpea rhizobia found to resist to both antibiotics.
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Fig. 2. Reaction type of the sixty cowpea rhizobia with Bromothymol blue. The authenticity of each strain was 
detected during 10 days incubation period, with observation for color of the indicator dye on the plates. Fast 
growing rhizobia changed color of indicator dye to yellow while slow growing rhizobia turned the indicator dye 
to blue.

Fig. 3. Colony size of the sixty cowpea rhizobia strains after 5 days (A) and 10 days (B) growth.
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Fig. 4. Neighbour Joining (NJ) tree showing the phylogenetic relatedness of 16RNA sequences for 43 cowpea rhizobia associated 
with the colony size (C.S) and cell movement. The phylogenetic tree was generated using ClustalW and Mega4 softwares, and boost-
rap values are shown using 5,000 replicates. 
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The authentication test showed that 38 (63.3%) cowpea rhizo-
bia presented a nodule number less than 10, 8 (13.3%) strains 
presented between 10 and 20 nodules, 6 (10%) strains pre-
sented between 20 and 30 nodules, 3 (5%) strains presented 
between 30 and 70 nodules, and 4 super-nodulating (6.66%) 
strains (S47, S49, S50 and S51) presented between 70 and 
90 nodules per plant. Surprisingly, the four strains from the last 
super-nodulating group belong to Al-Basrah governorate. This 
result may be related to the physical composition of the soil in 
this area, which differs from the rest of the 10 governorates 
in Iraq. Furthermore, all 60 strains were chosen for genotypic 
characterization (16S rRNA target sequencing) and phenotypic 
analysis including colony size, morphology, bromothymol blue 
reaction, and antibiotic resistance test.

Phenomic Analysis of  the Rhizobia Strains

The bromothymol blue technique is used in bacteriology as a 
pH indicator in the agar. It changes to yellow in case of acid pro-
duction during fermentation of lactose or changes to deep blue 
in case of alkalinization. Lactose-positive bacteria build yellow 
media. However, bacteria that decarboxylate L-Cystine cause 
an alkaline reaction and build deep blue media. This colorant is 
used essentially in order to classify rhizobia, especially Brady-
rhizobium (Alkaline reaction) from rhizobium (Acidic reaction) 
strains. The reaction of the 60 cowpea rhizobia colonies on bro-
mothymol blue (BTB) agar plates revealed two major types of 
reactions. In the first type of reaction, cells of 6 cowpea rhizobia 
were found to secrete acidic product during 10 days incubation. 
Surprisingly, 3 strains were able to secrete alkali product during 
the first 5 days before switching and starting the secretion of 
acidic product in the last 5 days during the 10 days incubation 
(Fig. 2). Furthermore, most cells were in the second type of BTB 
reaction and were found to secrete alkali product. This second 
type was divided into 4 types of reactions. Seven cowpea rhi-
zobia belong to a group that secreted alkali product during the 
10 days incubation. Surprisingly, the second, third and fourth 
groups were able to secrete acidic products during the first days 
before starting to secrete alkali products after 1 (16 strains), 2 
(24 strains) and 3 (4 strains) days. This is an unusual phenotype 
observed within rhizobia strains (Fig. 2).

Furthermore, the 60-cowpea rhizobia colonies were re-
grouped in 4 groups depending on their capability to grow (col-
ony size) and capacity to invade the whole petri dish (motility). 
The first group of the four-regrouped colony contained 13 cow-
pea rhizobia presenting size of colonies between (10–15) mm, 
of which 8 bacteria were flat in shape and 5 were convex. The 
second group containing 15 bacteria showed sizes between 15 
and 20 mm, of which 6 were flat in shape and 9 were convex. 
The third group with 7 bacteria had sizes between 20 and 25 
mm, 6 of which were flat in shape and one was convex. Finally, 
the fourth group with 25 bacteria were able to grow more than 
25 mm until they filled the whole plate during the 10 days of 
incubation; 20 of them were flat in shape and 5 were convex. In-
terestingly, all bacteria belonging to groups one, two and three 
were not motile while all bacteria from group four were motile 
on agar medium (Fig. 3).

Moreover, all 60 strains were tested in the presence of two 
kinds of antibiotics: Spectinomycin and Streptomycin. It has been 
shown that Rhizobia strains can be resistant to Spectinomycin 
or Streptomycin (Ramírez et al.,  1998). However, resistance to 
both antibiotics can be possible if the strain carries a mutation in 
its genome (Zelazna-Kowalaska, 1971). The result given in Table 
1 showed that 15 cowpea rhizobia were sensitive to spectinomy-
cin and 55 sensitive to streptomycin. However, 25 cowpea rhi-
zobia were resistant only to spectinomycin and 5 resistant only 
to streptomycin, while 20 cowpea rhizobia had an intermediate 
resistance to spectinomycin. Interestingly, five cowpea rhizobia 
(S31, S35, S51, S61 and S63) were found to resist both an-
tibiotics (Table 1) (National Committee for Clinical Laboratory 
Standards–NCCLS).

Sequencing the 16S rRNA

The 16S rRNA gene sequencing is commonly used for identi-
fication, classification, and quantification of microbes within com-
plex biological mixtures such as environmental and gut samples 
(Schmidt et al., 1991; Ley et al., 2005). The 16S rRNA gene is 
a highly conserved component of the transcriptional machinery 
of all DNA-based life forms and thus is highly suited as a target 
gene for sequencing DNA in samples containing up to thousands 
of different species (Cox et al., 2013). Conveniently, the 16S 
rRNA gene consists of a conserved and a variable region. While 
the conserved region makes universal amplification possible, the 
variable regions allows discrimination between specific different 
microorganisms (Kolbert and Persing, 1999).

Specific primers have been used in this study to target the 
conserved regions of 16S in order to target conserve and vari-
able regions within the characterized cowpea rhizobia. Phylo-
genetic analysis of the sequenced 16S rRNA from the 60 rhizo-
bia separated the strains into four clades (Fig. 4). Surprisingly, 
the phylogenetic tree grouped all the strains based on their abil-
ity to grow (colony size) and motility. Thus, Group I contained 
strains with lower colony size presenting between 10 and 15 
mm, Group II strains’ size was between 15 and 20 mm, and 
Group III contained strains able to grow more than 25 mm until 
they invade the entire petri dish. Finally the last group IV con-
tained strains with colony sizes varying between 20 and 25 mm.

Discussion

In this study we characterized a population of 60 Bradyrhizo-
bium found in cowpea nodules, isolated from 20 sites belonging 
to the most important cowpea production area in Iraq for their 
ability to form nodules, resist to antibiotics, motility, and study 
their evolutionary relationships among other Bradyrhizobium 
species. In order to fulfill these goals, several techniques were 
employed such as Authentication Test, Bromothymol Blue Reac-
tion, Resistance to antibiotics (Spectinomycin and Streptomycin), 
phenotypic analysis including colonies size and morphology, and 
phylogenetic analysis of the sequenced 16S rRNA.

When high density inoculum of a rhizobial strain are inocu-
lated into media containing an antibiotic, a few cells may ex-
hibit resistance as a result of spontaneous genetic changes or 



A
tla

s 
Jo

ur
na

l o
f 

Bi
ol

og
y 

- 
IS

SN
 2

15
8-

91
51

. P
ub

lis
he

d 
By

 A
tla

s 
Pu

bl
ish

in
g,

 L
P 

(w
w

w
.a

tla
s-

pu
bl

ish
in

g.
or

g)

A
tla

s 
Jo

ur
na

l o
f 

Bi
ol

og
y 

- 
IS

SN
 2

15
8-

91
51

. P
ub

lis
he

d 
By

 A
tla

s 
Pu

bl
ish

in
g,

 L
P 

(w
w

w
.a

tla
s-

pu
bl

ish
in

g.
or

g)

399

mutations (Josey et al., 1979; Beynon and Josey, 1980; Turco 
et al., 1986; Kuykendall et al., 1988). Resistance of a rhizobial 
strain to a particular antibiotic is a useful marker (Schwinghamer 
and Dudman, 1973; Pankhurst, 1977; Beynon and Josey, 1980; 
Turco et al., 1986). It is important that antibiotic-resistant strains 
that are selected for inoculation experiments have not lost their 
infectiveness (i.e. ability to form nodules) or their effectiveness 
(i.e. ability to fix nitrogen) in the symbiosis with the host plant 
(Beynon and Josey, 1980; Kremer and Peterson, 1982; Turco et 
al.,  1986).

Interestingly, from the 60 strains only five cowpea rhizobia 
(S31, S35, S51, S61 and S63) were found to resist to both an-
tibiotics. It has been shown that rhizobia strains can be resistant 
to Spectinomycin or Streptomycin (Karanja and Wood, 1988; 
Ramírez et al., 1998). However, resistance to both of them can 
be possible only if the strain carries a mutation in its genome 
(Schwinghamer, 1964; Zelazna-Kowalaska, 1971; Turco et al., 
1986). Several studies showed that mutants treated with gamma 
radiation were able to grow at 50°C (Chitchanok et al., 2011) 
or at temperatures higher than 40ºC (Hungria et al., 1993), and 
four of our strains were able to grow at 37°C and 50°C. These 
strains were probably mutated by the presence of high radia-
tion level in the soil, since several studies showed that certain 
bacterial strains are sensitive to nuclear radiation (Makarova 
et al., 2001).

Four strains, (S47, S49, S50, and S51) presenting 6.66% of 
the authenticated rhizobium were super-nodulated, presenting 
between 70 and 90 nodules per plant, and belong to Al-Basrah 
governorate. This result may be related to the physical composi-
tion of the soil in this area, which differs from the rest of the 10 
governorates in Iraq. Al-Basrah is located on the Shatt-Al-Arab 
waterway, downstream of which is the Arabian Gulf. The city 
is penetrated by a complex network of canals and streams vi-
tal for irrigation and other agricultural use, which makes it one 
of the most fertile regions for agriculture, located at the junc-
ture of two famous rivers in Iraq, Al forat and Dijlah. The sedi-
ments of Al-Basrah soils are mainly silt clay in texture and silt 
clay loam with subordinate amount of sand. Al-Basrah soils are 
characterized by their wide spectrum of mineralogical composi-
tion, non-clay minerals (calcite, dolomite, quartz, halite, gypsum, 
and feldspar), clay minerals (kaolinite, Illite, montmorillonite, 
palygorskite, chlorite, and mixed-layred clay minerals), and 
heavy mineral (opaque, pyroxene, hornblende, chlorite, biotite, 
epidote, garnet, kyanite, staurolite, celestite, zircon, and tourma-
line). The organic matter content has widely ranged in present 
soils; its amount depends upon the intensity of vegetation cover. 
The detrital supply of clastic materials controls the concentration 
of silica and aluminum. Plant nutrition controls the concentration 
of Fe and K. Climatic conditions and hydrogeological setting 
controls the accumulation of Na, Ca and Mg in Basrah soils. The 
values of major elements in Al-Basrah saline soils survive sea-
sonal fluctuations because of precipitation and dissolution alter-
native processes (Al-Marsoumi and Al-Jabbri, 2007).

Moreover, sequence analysis of 16S rRNA has also been 
used frequently for microbial taxonomy, and it is a powerful 
and accurate method for determining inter- and intra-specific 
relationships (Stackebrandt and Goebel, 1994; Janda and Ab-

bott, 2007; Wang et al., 2007; Kim et al., 2012). On the ba-
sis of 16S rRNA sequences, six of the strains we isolated from 
cowpea are closely related to both B. japonicum and Rhizobium 
species (representatives to group IV), which regrouped strains 
presenting colony sizes between 20 and 25 mm without motility. 
Phylogenetic analysis showed that all the rest of the 54 strains 
descended from the common ancestral copy in the group IV. 
Those 54 descendants evolved into different strains regrouped 
in 4 different sub-clades or branches. Group I contained strains 
with lower colony size between 10 and 15 mm, and Group II 
between 15 and 20 mm without motility, and Group III contained 
strains able to grow more than 25 mm until they invaded the 
entire petri dish showing a clear motility in the agar. As shown in 
different studies, phylogenetic analysis supported their descent 
from a common ancestral copy (Gherbi et al., 2008) and gener-
ated a topology consistent with previous legume phylogenies 
(Wojciechowski et al., 2004). This gave rise to the hypothesis 
that the evolutionarily recent legume–rhizobia symbiosis reuses 
some of the molecular mechanisms of the more ancient arbuscu-
lar mycorrhiza (AM) symbiosis (Hirsh, 2004). Using this molecular 
technique, we resolved the cowpea bradyrhizobial diversity of 
60 nodulating strains regrouping them into four different geno-
types (Fig. 4).

This study provides an easy way to classify the rhizobia 
strains by genotype analysis depending on the phenotypes ob-
served (i.e. motility and colony size) by sample preservation 
and high quality DNA isolation from environmental samples such 
as soil samples and 16S rRNA target sequencing. This demon-
strated the usefulness of these methods, using easy technologies, 
and their applications to microbiome analysis and environmental 
science.
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