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Abstract

There is currently no information on the diversity of indigenous rhizobial populations associated with bambara groundnuts
(Vigna subterranea L. Verdc.) in Cote d’lvoire soils. The aim of this study was to assess the diversity of microsymbionts nod-
ulating a Bambara groundnut landrace in north of Cote d'lvoire. For this purpose, a local bambara groundnut accession was
used to trap root nodules bacteria from three soils obtained from farmers’ fields in North Céte d'lvoire. It was shown that
all the isolates had very fast growth rates on YEMA and not absorbing Congo red. All isolates were gram negative rods and
able to grow in a TY medium at pH ranging from 5.8 to 8.8 and at temperatures up to 45°C. The 16S RNA gene phylogeny
showed three main clades including Rhizobium sp., an unclassified species and R. pusense. 16S RNA gene identification of
the strain K39 as R. pusense was congruently confirmed by atpD gene phylogeny. Strain K39 did not nodulate bambara

groundnut plants. This is the first report of the presence of R. pusense in Vigna subterranea (L.) Verdc.) rhizosphere in Cote
d’lvoire.
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Résumé

Il n’existe actuellement aucune information sur la diversité des populations rhizobiennes autochtones associées a I'arachide
bambara (Vigna subterranea L. Verdc.) dans les sols de la Cote d’Ivoire. Le but de cette étude était d’évaluer la diversité des
microsymbiontes nodulant une variété locale d’arachide Bambara au nord de la Cote d’Ivoire. A cette fin, une variété locale
d’arachide bambara a été utilisée pour piéger les bactéries de trois sols provenant de champs d’agriculteurs situés au nord
de la Cote d’lvoire. Il a été démontré que tous les isolats avaient des vitesses de croissance tres rapides sur le YEMA et n'ab-
sorbaient pas le rouge Congo. Tous les isolats étaient des batonnets Gram négatif. Tous les isolats ont pu croitre dans un
milieu TY a pH variant de 5.8 a 8.8 et a des températures allant jusqu'a 45°C. La phylogénie du géne de I'ARN 16S révélait
trois clusters principaux, dont Rhizobium sp., une espéce non classée et R. pusense. La nature de la souche K39 en tant que
R. pusense revélée par la phylogénie de 'ARN 16S a été confirmée par la phylogénie du géne atpD. Les tests de nodulation
ont confirmé que la souche K39 ne nodule pas les plants d’arachide bambara. C’'est la premiére fois que R. pusense est mise
en évidence dans la rhizosphere de Vigna subterranea (L) Verdc en Cote d’lvoire.

Mots-clés : Arachide bambara, bactéries nodulatrices, Rhizobium pusense
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Introduction

Improving agricultural productivity and soil fer-
tility are two priority objectives of agricultural
policies in West Africa (CORAF/WECARD, 2008).
While in developed countries, farmers rely ex-
tensively on industrial fertilizers to maximize
crop productivity, this is not the case in develop-
ing countries. Indeed because of the industrial
fertilizers financial and environmental costs, in-
dustrial fertilizers are not a solution for develop-
ing countries (Sanchez, 2002). Consequently one
major challenge in West Africa agriculture, par-
ticularly in Cote d’lvoire, is to be able to ensure
high agricultural productivity while preserving
the environment. This ecological intensification
implies a sustainable increase of production by
substituting industrial factors of production by
biological processes or by improving the integra-
tion of the components of the production sys-
tems. Legumes often referred to as “green ma-
nure” have a clear cut potential contribution to
soil fertility and plant productivity (Bationo and
Ntare 2000, Fening et al., 2011). For these rea-
sons, legumes are increasingly integrated into
cropping systems due to their multiple benefits
(Stagnari et al., 2017). Indeed, legumes are im-
portant protein resources and are also able to
improve soil fertility. In addition, legumes have
the property of fixing atmospheric nitrogen due
to symbiotic relationship with soil bacteria col-
lectively known as rhizobia (Faye et al., 2006,
Herrmann et al., 2012). Among these legumes,
Bambara groundnuts (Vigna subterranea L.
Verdc.), commonly known as voandzou, is the
third most important food legume in Africa after
groundnut and cowpea, both for consumption
and cultivation. It is widely grown in Nigeria and
other African countries such as Ghana, Came-
roon, Cote d'lvoire and Togo (Klu et al., 2001).
The edible grain of this crop is rich in protein
(20.6%) and carbohydrate (56.5%). It contains
6.6% fat and 6.3% fiber, making it a complete
meal (Mazahib et al., 2013). In Africa, it is grown
by smallholders either in monoculture or in rota-
tion with cereals or mixed with cereals (Doku
1995). In Cote d’Ivoire, it is mainly cultivated in
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the northern region where a sound manage-
ment of soil conditions, mineral nutrients and
water resources together with measures to pre-
vent soil erosion are the prerequisites for a sus-
tainable agriculture. Bambara groundnuts (Vigna
subterranea L. Verdc.), that has interesting eco-
logical characteristics, including drought re-
sistance, and grows in nutrient-poor soils
(Linnemann and Azam-Ali, 1993 ; Linnemann,
1994) could be used in production systems to
improve soil fertility and crop productivity in
Northern Cote d’lvoire. An inoculation technolo-
gy using rhizobia associated could be initiated.
For a better integration of bambara groundnuts
into ecological intensification systems, it will be
necessary to characterize the diversity of bacte-
ria associated with it in Cote d'lvoire. The diver-
sity of rhizobia associated with legumes such as
peanut, soybean, cowpea, pigeon pea has been
well characterized in Africa (Belane and Dakora
2009, Pule-Meulenberg and Dakora 2009,
Fossou et al., 2016). However, study on the di-
versity of symbiotic and non-symbiotic rhizobia
of bambara groundnuts is scarce (Onyango et
al., 2015). Until recently, about 40 rhizobia spe-
cies belonging to the seven genera of Alpha-
proteobacteria including Rhizobium, Sinorhizobi-
um, Azorhizobium, Bradyrhizobium, Allorhizobi-
um, Mesorhizobium, Bradyrhizobium, and
Methylobacterium  have been identified
(Lemaire et al. 2015). In addition, root nodule
bacteria have recently been identified that are
generally unable to form nodules or fix nitrogen.
The newly defined species, R. pusense, isolated
from Cicer arietinum roots (Panday et al., 2011,
Mousavi et al., 2015) belongs to this group. The
R. pusense ecological role is not well defined
since several strains have been found in human
wounds and body fluids (Aujoulat et al., 2015).
Here we report for the first time the presence of
R. pusense in the rhizosphere of bambara
groundnuts in Cote d’lvoire.
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Materials and Methods

Soil sampling procedures and analysis

Soil sampling was done at bambara groundnut fields, in
Korhogo (9°27'28"N, 5°37'46"W), Katiola (8°08'15"N, 5°
06'07"W) and Odienné (9°30'05"N, 7°33'45"W) located
in the North of Cote d’lvoire. At each sampling point, 2
kg of soil were collected from a depth of 0-20 cm at
bambara groundnut rhizosphere using a shovel. To pre-
vent a contamination of the samples, the shovel was
cleaned between sampling with 5% sodium hypochlorite
solution, then rinsed with water three times and dried
using a sterile cloth. Within each site, three replicate
samples were collected at a distance of 20 km by ran-
domly sampling. In the laboratory, the soil samples from
each field were spread onto a sturdy plastic bag before
being thoroughly mixed and allowed to dry at room tem-
perature for five days. The soil samples were placed in
brown paper bags and subsequently used for soil analy-
sis and for bacteria trapping.

Soil chemical analysis was conducted in the Pedology
laboratory of Institut National Polytechnique Félix Hou-
phouét Boigny, Yamoussoukro (INP-HB) in Cote d’lvoire
using standard methods (Anderson and Ingram, 1993).

Trapping and isolation of root nodulating bacteria

A local landrace of bambara groundnut with cream col-
ored red spotted seeds, preferred by farmers in the re-
gion because of early maturity, superior cooking quality
and taste, was chosen for this study. This landrace was
used to trap indigenous root nodule bacteria symbiotic
to Bambara groundnuts from the collected soil samples.
The seeds were germinated in perforated plastic pots
containing 1.5 kg of autoclaved soil and 200mg of soil
samples as inoculum. The seeds were incubated for ger-
mination in sterile Petri dishes containing sterilized dis-
tilled water for three days at 28°C. After germination,
two seedlings were sown in each plastic pots. Plants
were watered with nutritive solution and harvested six
weeks after sowing. The plants with soil and roots were
thoroughly cleaned with a stream of fresh water. Sterili-
zation of the surface of the nodules was performed us-
ing an initial incubation of 3 min in 70% EtOH (v/v) fol-
lowed by 3 min in a 4% (w / v) sodium hypochlorite solu-
tion and complete washing with sterile ddH20. Each
nodule was then crushed in a drop of sterile ddH20 us-
ing a sterile toothpick and streaked on Tryptone Yeast
extract Agar (TYA). All plates were incubated at 28°C and
bacterial growth was monitored daily. When nodule
isolates began to develop, a sample was used to repeat
successive streaks. Thus, all the isolates described in this
study were purified from a single colony. The isolates
were maintained in growth chamber at 4 + 2°C for fur-
ther study or stored at -80°C with addition of 20% glyc-
erol for long-term preservation.
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DNA extraction and PCR amplification

Genomic DNA of each isolate was extracted from 2 mL
of TY broth culture in the log phase. The isolates were
collected by centrifugation at 6000xg. The CTAB method
(Li et al., 2012) was used to extract the genomic DNA,
which was then stored at -20°C until analysis. DNA was
quantified and assessed for purity using a NanoDrop
2000 spectrophotometer (Thermo Scientifc, USA). DNA
concentration was determined by absorbance at 260 nm
and DNA purity was estimated by the 260:280 ratio and
the 260:230 ratio. The 16S RNA encoding gene, was am-
plified from genomic DNA.

The PCR using primers FGPS6 (5'-
GGAGAGTTAAGATCTTGGCTCA-3") and FGPS 1509 (5'-
AAGGAGGGGATCCAGCCGGA-3')(Normand and al., 1992)
was performed in a GeneAmp System 9700 thermocy-
cler (Applied Biosystem, Foster City, California, USA) in a
total volume of 25 pL consisting 10 ng of genomic DNA,
12.5 uL of master Mix ““One Taq Quick Load 2X Master
Mix with standart buffer’” (New England BiolLabs, USA),
10 uM of the Forward Primer, 10 uM of the Reverse Pri-
mer. The amplifications were carried out with the fol-
lowing PCR conditions: denaturation step at 94°C for 5
min, followed by 35 amplification cycles of denaturing at
94°C for 30 s, annealing at 55 °C for 30 s and elongation
at 72°C for 1 min 30s. The final extension was at 72°C for
7 min followed by a soaking temperature of 4°C. PCR
products were separated by electrophoresis in agarose
gel at 0.8 % stained with ethidium bromide. The house-
keeping gene atpD was also amplified from selected
strains using primers atpD-F (5'-
ATCGGCGAGCCGGTCGACGA -3') and atpd-R (5'-
GCCGACACTTCCGAACCNGCCTG -3') (Gaunt et al., 2001).
The amplifications were carried out with the following
PCR conditions: denaturation step at 95°C for 2min, fol-
lowed by 35 amplification cycles of denaturing at 95°C
for 30 s, annealing at 66 °C for 30 s and elongation at 68°
C for 2 min. The final extension was at 68°C for 5 min
followed by a soaking temperature of 4°C. PCR products
were separate by electrophoresis in agarose gel at 1 %
stained with ethidium bromide.

Sequencing and phylogenetic analyses of 16S-rDNA and
atpD genes

In a first approach the 16S RNA gene amplicons were
subjected to PCR-RFLP fingerprinting. An aliquot (10 L)
of the PCR products was digested separately with the
restriction endonuclease Rsal (New Englend Biolabs,
USA) according to the manufacturer’s instructions. The
restricted bands were then separated by electrophoresis
in 2.5% (w/v) agarose gel, and the patterns were visual-
ized as described previously (Wang et al., 1999). The
restriction fragment length fragment (RFLP) patterns
obtained were identified as genotype. Each 16S rDNA
type was purified by Favour/Prep PCR purification kit
(FAVORGEN, Sigma, USA). The purified samples were
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sequenced (Macrogen, France), and the quality of all
sequences checked using BioEdit 6.8.3 software (Ref).
Assembled sequences were transferred to MEGA®
(Molecular Evolutionary Genetics Analysis) version 6
software and aligned using CLUSTAL W (Tamura et al.,
2013). Sequences were submitted to the NCBI BLAST
portal (www.ncbi.blast.Inm.nih.gov) for a sequence simi-
larity search, and sequences with greater than 94% simi-
larity were retrieved for phylogenetic analysis. Evolutio-
nary histories were inferred using the Neighbor-Joining
(NJ) and Maximum-likelihood (ML) method and genetic
distances computed based on the p-distance method
implemented in Mega software (Tamura et al., 2013).
Bootstrap tests (1000 replicates) were used to cluster
associated taxa and replicate. Amplicons of the atpD
gene were also sequenced and phylogenetic analyses
were performed using the same method as described
above.

Nodulation tests

16S RNA gene RFLP types were selected for determina-
tion of symbiotic status. Bambara groundnut seeds were
surface sterilized in 95% ethanol for 1 min, followed by
2% sodium hypochlorite solution for 30 s and finally
rinsed in five exchanges of sterile water. The seeds were
ncubated in dark at 25°C for germination for 3 days.
Plastic pots of 1.5 L divided in two parts and used as jars
were prepared by sterilizing in 5% sodium hypochlorite
solution for 15 min. The sea sand was sterilized at 121°C
for 1 h and then filled in the jars. Two seedlings were
aseptically transferred into the sea sand and watered
using sterile N-free nutrient solution (Lafay and Burdon,
2006). The inoculum was prepared by streaking each
isolate on freshly prepared TYA plates. 1 mL of the pure
culture was aseptically taken, re-suspended into sterile
bottle containing 10 mL of TY broth and left on a shaker
overnight. Four replicates per isolate were inoculated
directly around seedling hypocotyls three days after es-
tablishment using sterile disposable pipette tips. Each
time, 3 mL (about 108 cells) of bacterial suspension were
used to inoculate each seedling. Test seedlings and the
negative control were irrigated twice per week with a
nitrogen-free nutrient solution alternating with ddH20
sterile, while the positive control was irrigated with
0.05% KNOS3 solution to supply the plants with nitrogen.
After six weeks, the root systems of individual plants
were washed separately for observation of nodules.

Phenotypic characterization of isolates

Isolates were characterized on the basis of their micros-
copic, morphological and physiological characteristics
using standard methods. For comparison, the four
strains based on the RFLP types were used (Table 1).
Phenotypic characteristics were determined on YMA and
CR-YMA (Vincent, 1970). Growth of rhizobial strains was
compared at different pH (4.8, 5.8, 6.8, 7.8 and 8.8) in TY
broth. Hydrochloric acid (HCI) was used to adjust lower

58

Microbiol. Nat.

pH and sodium hydroxide (NaOH) was used to adjust
high pH in medium. For the analysis, each isolate was
cultured in TY broth and 1 mL of the culture containing
about 108 rhizobial cells was used to inoculate 50 mL of
TY broth flask, adjusted to different pH. The inoculated
broth cultures were incubated at 28°C and kept at 105
rev. min-1 in an incubator shaker. Growth was determi-
ned by measuring the optical density (OD) at 540 nm
after 24 h of incubation using a spectrophotometer. The
growth of the isolates at different temperatures (4°C,
20°C, 28°C, 30°C, 45°C and 50°C) was also assessed on TY
medium. The growth results were recorded after 24 h
incubation in plates.

Data analysis

The STATISTICA version 7.1 software was used for ANO-
VA at one factor at 5% threshold. The averages were
ranked according to the Tukey LSD test. Numerical calcu-
lations and graph construction were performed by the
Excel software.

Table 1. Frequencies of different genotypes

Code Strain Genotype
type percentage
Genotype 1 K39 7.89%
Genotype 2 012 71.05%
Genotype 3 T65 18.42%
Genotype 4 041 2.63%
Results

Chemical analysis of soils

Soils chemical properties of the three study
sites are given in Table 2. All three sampling
sites had predominantly acidic soils with a pH
ranging from 4.3 at Odienné to 5.0 at Korhogo.
Soil organic matter ranged from 1.48% in Odi-
enné to 0.61% in Katiola. The available P con-
tent was low at 50 ppm. However, the Korhogo
soil was slightly more saturated than the oth-
ers, and the Odienné soil was richer in organic
matter with a relatively greater mineralization
of organic matter.
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Diversity of nodulating bacteria associated to
Vigna subterranea (L.) Verdc.)

In total, 152 bacteria were isolated from the
nodules. The PCR-amplified 16S-rDNA geno-
mic region of each of the 152 isolates yielded
a single band of approximately 1500 bp. The
isolates exhibited variable banding patterns of
the 16S-rDNA gene when digested with the
restriction endonuclease Rsal. Overall four ge-
notypes were identified, and isolates K39,
012, T65 and 041 selected as their repre-
sentative strains (Table 1). The pylogenetic
analyses of the 16S RNA gene (Figure 1)
grouped the four genotypes in three clades
including R. pusense (strain K39), Rhizobium
sp. (strains 012, T65) and a non identified

Microbiol. Nat.

strain (041). All four representative isolates
were rod shaped, Gram negative, not absor-
bing the congo red and fast-growing bacteria
(visible growth within 2 days). The rhizobial
isolates evaluated were able to grow in TY me-
dia with the pH ranging from 5.8 to 8.8. The
best growth rate was observed at pH 6.8 with
an ODxx of up 1.6 for isolat 6 (Figure 2). At pH
4.8, there was almost no growth, rates were
lowest for isolate 2 with 0.009 OD. Isolates
tested showed significant differences in their
ability to grow at different pH. Furthermore,
thermotolerance variability was noted among
rhizobia isolates, which were able to grow up
to 45° C (Table 3).

761 K39

43
100

42

NR_116874.1_Rhizobium_pusense
MH_046067.1_Rhizobium_sp.
MH_507564.1_Rhizobium_pusense

ClusterI

NR_116337.1_Rhizobium_giardinii

99

82

99

NR_114988.1_Sinorhizobium_arboris

NR_115466.1_Rhizobium_tropici

NR_074499.2_Rhizobium_etli

100 NR_044112.1_Rhizobium_phaseoli

95

100

NR_118339.1_Rhizobium_leguminosarum_bv._\iciae

NR_044774.1_Rhizobium_leguminosarum_bv._viciae

— MF682260.1_Bradyrhizobium_sp.

NR_036865.1_Bradyrhizobium_japonicum
041
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100 | T65

0.02

KF_008227.1_Rhizobium_sp.

ClusterTl
‘ KF_984469.1_Rhizobium_sp.

Figure 1. Neighbor-Joining (NJ) phylogenetic tree of 16S rRNA gene sequences showing the relation
between the bacteria isolated from bambara groundnut nodules and related reference strains. Analy-
sis used the JC model, a total of 1300 positions (1300 bp) and 1,000 replicates for the bootstrap.
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Figure 2. Effect of pH on growth on bacteria isolated from bambara groundnut nodules

Table 2. Chemical characteristics of soils collected from three sites within North of Cote d’Ivoire.

Soil chemical analysis

pH M.O (%) N-NH4+ Ass.P Absorbent Complex (cmol.k-1)
Sites H20 C N ag/kg Ppm CEC Ca2+ Mg2+ K+ Na+ S
Katiola 4.4 0,61 0,06 0,19 47 4,40 1,276 0,521 0,139 0,037 1,97
Korhogo 5,0 0,89 0,08 0,26 48 6,48 2,450 0,490 0,140 0,040 3,12
Odienné 4,3 1,48 0,11 0,37 49 7,76 1,666 0,553 0,128 0,038 2,39

Table 3. Phenotypic characteristics of rhizobia isolates. +, growth or positive reaction; —; no growth
or negative reaction

Characteristics 1 2 3 4
4°C + (after6 + (after6 + (after6 + (after6
days) days) days) days)
20°C + + + +
Tempera- 28°C + + + +
ture 30°C + + + +
40°C + + + +
45°C + + + +
50°C - - - -
pH 4.8-8.8 + + + +
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The identified R. pusense did not nodulate
Vigna subterranea (L.) Verdc.)

In order to confirm the 16S RNA gene identi-
fication of strain K39 as R. pusense, the atpD
gene was amplified by PCR. The PCR amplifi-
cation resulted in a single 550 bp fragment
approximatively. The phylogenetic tree ba-
sed on the atpD gene confirmed the K39
strain as R. pusense (Figure 4). The atpD
gene sequence similarity between strain K39
and the type strains of reference Rhizobium
species are given in Table 5. Strain K39 exhi-

Microbiol. Nat.

bited level of atpD and 16S RNA gene se-
guence similarity of respectively 98.8%, and
100% identity to R. pusense S1
(PVWT01000008.1) and R. pusense CCGM11
(MAPG01000613.1) (Tables 4 and 5). When
nodulating tests were conducted, strain K39
did not nodulate while the other three geno-
types gave nodules.

Table 4: Levels of similarity between 16S rRNA gene sequences of K39 and references

Isolate K39 100
2 R. pusense S1(PVWT01000005.1) 100
R. pusense CCGM11 100
(MAPG01000666.1)
R. pusense KCJK7997 100
(QAYR01000011.1)
R. pusense LMG 25623 100
(FNBB01000023.1)
R. pusense NRCPB10" 100
(MRDJ01000001.1)
7 A tumefaciens S33 (CP014260.1) 100

8 A. tumefaciens KCJK1736 100
(LXPS01000020.1)

g A salinitolerans YIC 50827 100
(MRDH01000011.1)

A. deltaense CNPSo 33917
10 RRZI101000041.1) 99.3

100

100

100

100

100

100

100

100

99.3

100

100

100

100

100

100

99.3

100

100

100 100

100 100 100

100 100 100 100

100 100 100 100 100

100 100 100 100 100 100
99.3 993 993 993 993 993
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A. tumefaciens KCJK1736 (LXPS01000020.1)
A. salinitolerans YIC 50827 (MRDH01000011.1)
A. tumefaciens S33 (CP014260.1)

R. pusense NRCPB10T (MRDJ01000001.1)

R. pusense LMG 25623 (FNBB01000023.1)
R. pusense KCJK7997 (QAYR01000011.1)
R. pusense CCGM11 (MAPG01000666.1)

K39

R. pusense S1 (PVWT01000005.1)

A. deltaense CNPSo 33917 (RRZI01000041.1)

 —
0.00050

Figure 3: Maximume-likelihood (ML) phylogenetic tree of 16S rRNA gene sequences showing the
relation between isolate K39 and related reference strains. Analysis used the JC model, a total
of 1300 positions (1300 bp) and 1,000 replicates for the bootstrap

Table 5. Levels of similarity between atpD gene sequences of K39 and reference strains

Strain
Isolate K39 100

2 R. pusense S1 (PVWT01000008.1) 98.8 100
R. pusense CCGM11

3 (MAPG01000613.1) %8.8 100 100

4G Kﬂ;%ﬂsgoggdgz?w 983 990 990 100

5 gg,fé’;%’}%%é‘m(g_ff&?’ 981 988 988 990 100

6 fmﬁ%ﬂ%ﬂ%eogﬁiﬂ?w 981 988 988 990 100 100

7 A tumefaciens 533 979 987 987 992 987 987 100

(JFFS01000747.1)

A. tumefaciens KCJK1736
8 (LXPS01000010.1) 96.0 96.3 96.3 96.9 963 96.3 96.5 100

A. deltaense CNPSo 33917
9 (RRZ101000004.1) 944 952 952 950 944 944 950 944 100

A. salinitolerans YIC 5082"

10 (MRDH01000039.1) 942 950 950 956 954 954 952 944 0942 100
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Figure 4. Maximum-likelihood (ML) phylogenetic tree of atpD gene sequences showing the relation bet-
ween isolate K39 and related reference strains. Analysis used the TN93+G model, a total of 519 posi-

tions (519 bp) and 1,000 replicates for the bootstrap.

Discussion

The objective of this work was to describe the
diversity of nodulating bacteria associated to
Vigna subterranea (L.) Verdc. A total of 152 in-
digenous bacteria were isolated from bambara
groundnut nodules after inoculation of
plantlets with soils from three sites within
North of Cote d'lvoire. The soils of the study
sites were globally unsuitable for agriculture.
Indeed, they had a high level of acidity (4.3 to
5), a low CEC (4.40 to 7.76) and an average rate
of assimilable P. However, due to its ability to
grow in poor soils (Linnemann and Azam ali,
1993, Linnemann, 1994), cultivation of bamba-
ra groundnut in these soils could revitalize
them after cultivation.

The PCR-RFLP analysis of the 16S RNA gene
grouped the 152 strains in four genotypes that
were Gram-negative, fast grower, and did not
absorb the congo red (Somasegaran and Ho-
ben 1994; Hungria et al. 2016). Such results
were obtained in Kenya where 70% of bacteria
isolated from bambara groundnut had very fast
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growth rates on YEMA (Onyango et al. 2015).
Additionally, the genotypes appeared to be
varying in their pH tolerance in TY broth. In the
current investigation, at pH 4.8, the isolates
showed although very poor growth. This trend
might be related to the acid pH that characte-
rizes most of the origin soils of the tested iso-
lates. From the 16S RNA gene phylogenetic
tree, three main clades were identified inclu-
ding Rhizobium sp, R. pusense and an unidenti-
died clade. The diversity found in Céte d’lvoire
is less than the one in Kenya where Rhizobium
sp., Bradyrhizobium sp., Burkholderia sp. and
Agrobacterium sp. were identified (Onyango et
al. 2015). Two native rhizobia genotypes clus-
tered together with the putative Rhizobium sp.
Whether these two genotypes of this cluster
belong to taxonomically distinct species re-
mains to be determined. These two genotypes
belonging to Rhyzobium sp., within the rhizo-
bial population studied could be the symbiotics
strains most numerous in the rhizosphere of
bambara groundnut. Indeed, Oyango et al.
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(2015) isolated 18 bambara groundnut nodule
strains in Kenya, seven of which were identified
as Rhizobium sp.

Out of the four genotypes, one strain K39 was
congruently identified as R. pusense by 16S
RNA and atpD gene analyses. Indeed, phyloge-
netic analysis based on ATP atpD gene se-
guences, in agreement with 16S rRNA gene se-
guence phylogeny, demonstrated the close re-
lationship of strain K39 with R. pusense S1, R.
pusense CCGM11 and R. pusense NRCPB10T
strains. We found the occurrence of R. pusense
in two of three soils tested indicating the high
distribution of this group within the region of
north of Cote d'lvoire. Yet the phylogenetic re-
lationship between these strains has to be evi-
denced. Early studies that used genomic com-
parison demonstrated that R. pusense strains
obtained from bean nodules were different
(Aguilar et al., 2016). This study is the first to
report the presence of R. pusense within bam-
bara groundnut rhizosphere in Céte d’lvoire. R.
pusense strains may represent an interesting
link between the evolution from symbiosis to
pathogenicity or the evolution from pathogeni-
city to symbiosis .

References

Aguilar A, Peralta H, Mora Y, Diaz R, Vargas-Lagunas C,
Girard L, Mora J (2016). Genomic Comparison of Agro-
bacterium pusense Strains Isolated from Bean Nodules.
Front. Microbiol.7:1720. https://doi.org/10.3389/
fmicb.2016.01720.

Anderson JM, Ingram JSI (1993). Tropical soil biology and
fertility: A handbook of methods, 2nd edtn, CAB Interna-
tional, Wallingford, UK. P 85-93.

Aujoulat F, Marchandin H, Zorgniotti I, Masnou A, Jumas-
Bilak E (2015). Rhizobium pusense is the main human
pathogen in the genus Agrobacterium/Rhizobium.
Clin.Microbiol.Infect. 21,472e471-475. https://
doi.org/10.1016/j.cmi.2014.12.005.

Bationo A, Ntare BR (2000). Rotation and nitrogen fertili-
zer effects on pearl millet, cowpea and groundnut yield
and soil chemical properties in a sandy soil in the semi-
arid tropics, West Africa. J Agric Sci 134:277-284

Belane AK, Dakora FD (2009). Measurement of N2 fixa-
tion in 30 cowpea (Vigna unguiculata L. Walp.) geno-
types under field conditions in Ghana using 15N natural
abundance technique. Symbiosis 48: 47-57.

Doku EV (1995). Country report on Ghana. In B. Heller &

64

Microbiol. Nat.

J. Mushonga (Eds.), Conservation and improvement of
Bambara groundnut (Vigna subterranea (L.) Verdc. (pp.
72+77). Harare, Zimbabwe.

Fening JO, Ewusi-Mensah N, Safo EY (2011). Short-term
effects of cattle manure compost and NPK application on
maize grain yield and soil chemical and physical proper-
ties. Agricultural Science Research Journal, 1(3): 69- 83.

Fossou RK, Ziegler D, Zézé A, Barja, Perret X (2016) Two
Major Clades of Bradyrhizobia Dominate Symbiotic Inte-
ractions with Pigeonpea in Fields of Coéte d'lvoire. Fron-
tiers in Microbiology https://doi.org/10.3389/
fmicb.2016.01793

Gaunt MW, Turner SL, Rigottier-Gois L, Lloyd-Macgilp SA,
Young JP (2001). Phylogenies of atpD and recA support
the small subunit rRNA-based classification of rhizobia.
International Journal of Systematic and Evolutionary Mi-
crobiology, 51(Pt 6), 2037-2048. https://
doi.org/10.1099 / 00207713-51-6-2037.

Herrmann L, Sanon K, Zoubeirou A M, Dianda M, Sall S,
Thuita M, Lesueur D (2012). Seasonal changes of bacte-
rial communities in the rhizosphere of Acacia Senegal
mature trees inoculated with ensifer strains in Burkina
Faso and Niger. Agriculture, Ecosystems and Environ-
ment, 157: 47-53.

Hungria M, O'Hara G, Zilli J, Araujo R, Deaker R, Howie-
son J (2016). Isolation and growth of rhizobia. In: Howie-
son JG, Dilworth MJ (eds) Isolation and growth of rhizo-
bia. Australian Centre for International Agricultural
Research (ACIAR), Canberra, pp 39-60 ISBN: 978 1
925436 18 1.

Klu GYP, Amoatey HM, Bansa D, Kumaeja FK (2001). Cul-
tivation and use of African yam bean (Sphenostylis ste-
nocarpa ex A Rich) in the Volta region of Chana. J. Food
Technol. Africa 6: 74-77.

Lafay B, Burdon JJ (2006). Molecular diversity of rhizobia
nodulating the invasive legume Cytisuss coparius in Aus-
tralia. Journal of Applied Microbiology. 100: 1228-1238.

Lemaire B, Dlodlo O, Chimphango S, Stirton C, Schrire B,
Boatwright JS (2015). Symbiotic diversity, specificity and
distribution of rhizobia in native legumes of the Core
Cape Sub-region (South Africa). FEMS Microbiol. Ecol. 91,
1-17. doi: 10.1093/femsec/fiu024.

Li L, Sinkko H, Montonen L, Wei GH, Lindstrom K, Rasa-
nen LA (2012). Bio-geography of symbiotic and other
endophytic bacteria isolated from medicinal Glycyrrhiza
species in China. FEMS Microbiol. Ecol. 79, 46—68.

Lemaire B, Dlodlo O, Chimphango S, Stirton C, Schrire B,
Boatwright JS (2015). Symbiotic diversity, specificity and
distribution of rhizobia in native legumes of the Core
Cape Sub-region (South Africa). FEMS Microbiol. Ecol. 91,

GNANGUIS. L. E. et al 2019


https://doi.org/10.3389/fmicb.2016.01793
https://doi.org/10.3389/fmicb.2016.01793

65

Mazahib AM, Nuha MO, Salawa IS, Babiker EE (2013).
Some nutritional attributes of Bambara groundnut as
influenced by domestic processing. Internat Food Res
J.; 20:1165+1171.

Mousavi SA, Willems A, Nesme X, delajudie P,
Lindstrom K (2015). Revised phylogeny of Rhizobiaceae:
proposal of the delineation of Pararhizobium gen .nov.,
and 13 new species combinations. Syst.Appl. Microbiol.
38,84-90. https://doi.org/10.1016/
j.syapm.2014.12.003.

Ngo Nkot L, Ngo BM, Fankem H, Adamou S, Kamguia K,
Ngakou A, Nwaga D, Etoa FX (2015). “Isolation and
Screening of Indigenous Bambara Groundnut (Vigna
Subterranea) Nodulating Bacteria for their Tolerance to
Some Environmental Stresses.” American Journal of
Microbiological Research, vol. 3, no. 2: 65-75. https://
doi.org/ 10.12691/ajmr-3-2-5.

Normand P, Cournoyer B, Nazaret S, Simonet P (1992).
Analysis of a ribosomal RNA operon in the actinomy-
cete Frankia. Gene, 3, 119-124.

Onyango B, Anyango B, Nyunja R, Koech PK, Skilton RA,
Stomeo F (2015). Morphological, genetic and symbiotic
characterization of root nodule bacteria isolated from
Bambara groundnuts (Vigna subterranea L. Verdc) from
soils of Lake Victoria basin, western Kenya. Journal of
Applied Biology and Biotechnology Vol. 3 (01), pp. 001-
010. https://doi.org/10.7324/JABB.2015.3101.

Panday D, Schumann P, Das SK (2011). Rhizobium pu-
sense sp. nov., isolated from the rhizosphere of chick-
pea (Cicer arietinum L.) Int J Syst Evol Microbiol 61
(11):2632-2639. https://doi.org/10.1099/ ijs.0.028407-
0.

Pule-Meulenberg F, Dakora FD (2009). Assessing the
symbiotic dependency of grain and tree legumes on N2
fixation for their N nutrition in five agro-ecological
zones of Botswana. Symbiosis 48: 68-77.

Sanchez A, Ysunza F, Beltran-Garcia MJ, Esqueda M
(2002). Biodegradation of viticulture wastes by Pleuro-
tus: a source of microbial and human food and its po-
tential use in animal feeding. J. Agric. Food Chem., 50
(9): 2537-2542. http://dx.doi.org/10.1021/jf011308s.

Somasegaran P, Hoben HJ (1994). Handbook for Rhizo-
bia.  Springer Verlag, New  York. https://
doi.org/10.1007/978-1-4613-8375-8.

Stagnari F, Maggio A, Galieni A, Pisante M (2017). Mul-
tiple benefits of legumes for agriculture sustainability:
an overview. Biol. Technol. Agric. 4:2. https://doi.org/
10.1186/s40538-016-0085-1.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S
(2013). MEGA®6: molecular evolutionary genetics analy-
sis version 6.0. Mol Biol Evol 30(12):2725-2729.

Microbiol. Nat.

https://doi.org/10.1093/molbev/mst197.

Vincent JM (1970). A Manual for the Practical Study of
the Root—Nodule Bacteria, Blackwell, Oxford.

Wang ET, Berkum P, Sui XH, Beyene D, Chen WX, Mar-
tinez-Romero E (1999). Diversity of rhizobia associated
with Amorpha fruticosa isolated fromChinese soils and
description of Mesorhizobium amorphae sp. nov. Int. J.
Syst.Bacteriol. 49, 51-66. https://
doi.org/10.1099/00207713-49-1-51.

GNANGUIS. L. E. et al 2019



