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Abstract: Distribution and diversity of rhizobial strains associated with Acacia senegal (L.) Willd. in relation to seed provenances in soils from arid (Dahra) and semiarid (Goudiry) zones of Senegal were investigated. PCR-RFLP performed on 16S-23S rDNA intergenic spacer (IGS) of nodule crude extracts revealed a high genetic diversity of rhizobial strains, which was higher in the semiarid region than in the
arid region. The distribution of rhizobial populations was influenced by soil physical and chemical characteristics, and by A. senegal provenances as shown by the analysis of correspondence. In contrast, the
phenotypic diversity of rhizobial strains was not correlated with the soil origin. The phylogenetic tree
(performed by the maximum likelihood algorithm) of IGS 16S-23S sequences showed that most of the
rhizobial strains nodulating A. senegal were closely related to Mesorhizobium plurifarium. Our results
showed that rhizobial taxa associated with A. senegal were mainly distributed according to soil physical
and chemical characteristics, and A. senegal provenances. A large subset of A. senegal root-nodulating bacteria
had high diversity that correlated with the most favourable environmental conditions. Understanding the
diversity and distribution of rhizobial strains may be exploited in the formulation of A. senegal inoculants for
different seed provenances for resilience to soil stresses in various environmental conditions.
Keywords: Acacia senegal; Mesorhizobium; Diversity; Symbiosis; Ecology; Phylogeny

Introduction
Many legume trees significantly contribute to the nitrogen
balance of tropical wetlands and rainforests (Dommergues,
1995; Pons et al., 2007; Roggy et al., 1999), and thus play an
important role in their function and ecology. The prevalence of
legumes to inhabit different environmental conditions might be
related to their ability to associate with rhizobia, which enable
them to fix atmospheric nitrogen (Moreira et al., 1992). Among
these legumes, A. senegal is a species of major importance for
the reforestation of arid and semiarid zones in sub-Saharian
Africa. This multipurpose species is much valued by rural
populations as a source of fodder and timber, and gum arabic
(Muller & Okoro, 2004). Thus, research on phenotypic and genotypic diversity of microsymbionts, their nodulation and symbiotic performances, becomes necessary. Diversity is of major
*
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importance in the function of root nodulating communities by
imparting greater resilience to soil stresses (Bala & Giller,
2007). Keyser et al. (1993) reported that the efficient exploitation of biological nitrogen fixation to improve agricultural productivity required the characterization and isolation of a population of native rhizobia.
Rhizobia are a taxonomically diverse and phylogenetically
heterogeneous group divided into alpha, and beta-proteobacteria. Recently, numerical genotypic analyses revealed large genetic diversity among root-nodulating bacteria able to nodulate
A. senegal (de Lajudie et al., 1998; Fall et al., 2008; Sarr et al.,
2005a). However, these studies did not take into account various environmental conditions. Thus, information about the
relationships between the diversity of rhizobial strains associated with A. senegal and environmental conditions remains
sparse. Before inoculation, knowledge of these relationships is
crucial for formulation of appropriate A. senegal inoculants for
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different seed provenances for resilience to soil stresses in various environmental conditions. Indeed, several authors showed that
environmental stresses, such as soil acidity or salinity, were
detrimental to the survival and diversity of natural rhizobial
populations and to their ability to establish symbiotic associations (Bala et al., 2003; Diouf et al., 2007).
Rhizobial populations diversity could be greatly influenced
by the plant provenance used for trapping. Liu et al. (2005)
suggested to analyze rhizobia from different geographic regions
together with their host plants in order to characterize better
interactions between rhizobia, legumes and geographical factors. Previous studies showed diversity in A. senegal provenances in Senegal (Chevallier et al., 1994). The differences
between provenances could thus be reflected in their associations with rhizobial strains.
Our study aimed to determine the distribution, and to compare the diversity of rhizobial strains associated with A. senegal
in two pedoclimatic zones (arid and semiarid regions) of Senegal. It was essential to highlight the relationships between
rhizobia, soil conditions and A. senegal provenances. Thus, the
diversity of rhizobia occurring under A. senegal in natural
stands was assessed and compared with both those developing
in an A. senegal plantation and in bulk soil, in relation with A.
senegal provenances.

Materials and Methods
Host Plant and Soil Samplings
Three Senegalese A. senegal provenances, collected in February 2008, from Dahra (sylvopastoral zone, Lat. 15˚21'N; Long.
15˚29'W), Ngane (groundnut basin, Lat. 14˚13'N; Long.
16˚12'W) and Kidira (east of Senegal, Lat. 14˚24'N; Long.
12˚15'W) natural stands were tested for nodulation. Soil samples
were collected in Dahra and Goudiry, in Senegal, and analyzed
as described by Bakhoum et al. (2012). In each zone, soil under
four A. senegal trees separated by a distance of at least 10 to 15
m were randomly selected, in plantation and in natural stand, and
sampled around the trunk (East, West, North and South) and
pooled. Four soil cores were also randomly sampled in bulk soil
and pooled in the same conditions.

Rhizobial Trapping
Seeds of the three A. senegal provenances were used in the
trapping tests. Seed germination was conducted as described by
Sarr et al. (2005b). Rhizobial isolates were trapped in vitro on
roots of A. senegal seedlings grown in Gibson tubes (Gibson,
1963). After 1 week of growth, 1 ml of soil suspension was
added to each tube. Soil suspension was obtained with 10 g of
each composite soil sample, stirred for 1 h in 90 ml of sterile
buffered saline, pH 7 (NaCl, 0.15 mol∙l−1; KH2PO4, 0.002
mol∙l−1; Na2HPO4, 0.004 mol∙l−1). Four replicates were tested for
each soil. Uninoculated plants were used as controls.

Rhizobial Isolation and PCR-RFLP of 16S-23S rDNA
Intergenic Spacer (IGS)
Nodules collected in situ (from Goudiry A. senegal plantation
in August 2008) and in vitro were surface sterilized, isolated,
and authenticated cultures preserved as described by Fall et al.
(2008). Polymerase chain reactions (PCR) were carried out, on
the IGS rDNA of 42 isolates, directly on 2 µl of fresh bacterial
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culture suspended in 50 µl sterile water, and digested as described by Fall et al. (2008). Shannon diversity index was calculated according to Borcard & Buttler (2001). The relationship
between A. senegal provenances and IGS-RFLP profiles was
studied by the analysis of correspondence. Thus, in addition to A.
senegal provenances used for trapping bacteria, Goudiry plantation (Goudiry provenance), where in situ nodules were collected, was considered as a provenance.

Infectivity and Effectiveness Tests
Infectivity and effectiveness tests were carried out with Dahra
provenance because of its higher nodulation rate with the soil
samples after trapping. Germination, inoculation and plant cultivation were conducted as described by Diouf et al. (2007).
Infectivity and effectivity of rhizobial isolates were evaluated by
counting the number of nodules and from the dry weight of the
produced nodules and shoots in relation to control, respectively.
Each IGS-RFLP profile was represented by its most efficient
rhizobial isolate. Selected rhizobial strains were used for phylogenetic and phenotypic characterization.

Phylogeny of IGS 16S-23S rRNA
The partial sequence of the IGS region of 14 rhizobial strains
was investigated. PCR were performed with 2 µl of bacterial
culture, as described above, in 25 µl reaction tube containing
0.625U of Taq polymerase according to Diouf et al. (2007).
The partial IGS region was amplified using primers Br5;
5’-CTT-GTA-GCT-CAG-TTG-GTT-AG-3’ (Willems et al., 2001)
and 23S-38; 5’-CCG-GGT-TTC-CCC-ATT-CGG-3’ (Normand et
al., 1992).
PCR products were checked according to Diouf et al. (2007).
Expected bands were excised and DNA was purified using
PureLinkTM Gel Extraction Kit (Invitrogen, USA) according to
the manufacturer’s instructions. The IGS rRNA was sequenced
(Genoscreen, France) with the same primers used for PCR.
Amplified sequences were assembled with ChromasPro Program (Technelysium Pty. Ltd., Australia). Closely related sequences held in GenBank were retrieved with Blast algorithm
and included in the phylogenetic analysis. Multiple alignments
were performed with ClustalX and Genedoc software packages.
Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 5 (Tamura et al., 2011) with the
maximum likelihood algorithm, and the stability of groupings
was assessed by performing a bootstrap analysis. Azorhizobium
caulinodans strain ORS 571T was used as outgroup reference.
The obtained sequences were deposited in GenBank database
under accession numbers: JQ606813 to JQ606826.

Phenotypic Characteristics of Rhizobial Strains
The 14 rhizobial strains were compared by performing a numerical analysis of 52 phenotypic features. For each test, a
control was performed, and inoculation and incubation were
performed as described by Diouf et al. (2010). The use of various
carbohydrates (filter-sterilized, 0.2 µm) by rhizobial was tested
on MGS agar plates (Diouf et al., 2008) according to the method
described by Mohamed et al. (2000). The intrinsic resistance of
rhizobial to heavy metals was determined on tryptone-yeast
extract (TY) agar plates (Zhang et al., 1991) containing heavy
metals. The intrinsic antibiotic resistance of rhizobial strains was
tested on YMA (yeast extract mannitol) agar plates containing
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filter-sterilized (0.2 µm) antibiotics.

fixers (Rodríguez-Echeverría, 2010).

Statistical Analysis

Distribution of Rhizobial Strains in the Two Regions

Data from the infectivity and effectiveness tests were analyzed with SPSS software version 13 according to StudentNewman-Keuls (P < 0.05). An analysis of correspondence was
carried out to determine the distribution of IGS-RFLP profiles in
relation to plant provenances. Figures were obtained with
XLSTAT software version 2010. A dendrogram performed with
Ward method and Euclidian distance on the numerical analysis of phenotypic traits was built with R software (version
R-2.13.0).

Results showed a large diversity of rhizobial strains from
Senegalese arid and semiarid zones associated with A. senegal
based on IGS 16S-23S rDNA (Table 2). They agree with previous studies which highlight considerable genetic diversity in
the microsymbionts originating from the Sahel (Diouf et al.,
2007; Fall et al., 2008; Sarr et al., 2005a). The 42 isolates were
shared out into 14 IGS-RFLP profiles: three exclusively found in
Dahra, nine specific to Goudiry and two that occurred in both
regions. Data evidenced a distribution of rhizobial strains according to the geographic location in Senegal. Similar results
were found by Amrani et al. (2010) on Acacia saligna plants in
Algerian soils which were nodulated by different rhizobial
populations according to their geographical origin (i.e. Northern vs Southern areas). Results of Shannon diversity index (H’)
showed that the genetic diversity of rhizobial strains was higher
in Goudiry semiarid region than in Dahra arid region. However,
Diouf et al. (2007) and Sylla et al. (2002) did not find any clear
relationship between rhizobial strain diversity and ecogeographical origin.

Results and Discussion
Soil Properties and Nodulation
The soil samples from arid (Dahra) and semiarid (Goudiry)
regions of Senegal were sandy with a higher percentage of clay
and silt in those from the semiarid region (Table 1). Soil pH
was slightly acidic in both sites and did not vary significantly,
regardless of the vegetation cover. Total C, total N, Ca, Mg and
K contents were higher in Goudiry soil than in Dahra soil. Significant differences (P < 0.05) in total C, total N and K were
found between A. senegal plantation soils in Dahra and Goudiry.
By contrast, Dahra soil showed higher values of available P. In
the present study, we observed a higher A. senegal nodulation
rate in Goudiry soils (Table 2). This suggests that the result of
the in vitro nodulation test depends on the survival of rhizobia
that are associated with soil aggregates (Mendes & Bottomley,
1998; Postma et al., 1990). Bulk soil samples of both regions
did not promote nodule formation. Authors describe that legumes can be responsible for shifts in the soil bacterial community composition (Bakhoum et al., 2012; Lorenzo et al., 2010),
including changes in the communities of symbiotic nitrogen-

Infectivity and Effectiveness of Isolates
The 42 rhizobial isolates were all able to re-nodulate A.
senegal seedlings in vitro. Results showed that among the strains
selected as representative of IGS-RFLP profiles (Table 2), ORS
3604 significantly (P < 0.05) increased the nodule number
compared to ORS 3628 and ORS 3588. However the strains
ORS 3573, ORS 3574, ORS 3576, ORS 3593, ORS 3604, ORS
3588, ORS 3600, ORS 3598, ORS 3610 and ORS 3607 significantly (P < 0.05) improved the shoot dry matter compared to
non-inoculated control. The nodule dry matter was not signifi-

Table 1.
Soil properties of Dahra (arid) and Goudiry (semiarid) sites.
Dahra soil

Soil components*
Bulk soil

Plantation
d

% Clay

2.60 ± 0.10

3.57 ± 0.87

% Silt

10.26 ± 0.04c

% Sand
pH H2O

Bulk soil

Plantation
a

Natural stand
6.47 ± 0.05a

11.01 ± 0.18c

15.20 ± 0.55b

19.10 ± 2.62a

18.23 ± 0.40a

86.98 ± 0.44a

85.30 ± 1.73ab

83.09 ± 0.22b

79.32 ± 0.32c

73.87 ± 2.69d

75.46 ± 0.68d

5.71

5.97

6.11

6.23

5.96

6.53

0.52 ± 0.10

c

0.05 ± 0.01d

b

0.82 ± 0.01

0.08 ± 0.01b

b

6.87 ± 0.46

a

10.30 ± 1.97c

0.04 ± 0.01d
−1

b

6.76 ± 0.23

0.41 ± 0.01

% Total N

Natural stand
5.53 ± 0.15

d

% Total C

c

Goudiry soil

b

1.71 ± 0.02a

0.06 ± 0.01c

0.07 ± 0.01b

0.16 ± 0.01a

c

c

9.16 ± 0.06c

0.74 ± 0.04

0.77 ± 0.07

Available P (mg∙kg )

12.66 ± 0.20

Total P (mg∙kg−1)

33.11 ± 0.12d

49.00 ± 13.08c

83.03 ± 0.10b

53.00 ± 2c

79.33 ± 8.14b

166.00 ± 3.0a

% Ca (meq)

0.56 ± 0.05d

0.92 ± 0.20cd

1.11 ± 0.03c

1.69 ± 0.12b

1.33 ± 0.11bc

6.44 ± 0.47a

% Mg (meq)

0.53 ± 0.02b

0.42 ± 0.06b

0.56 ± 0.05b

0.29 ± 0.08b

0.42 ± 0.12b

3.57 ± 0.40a

% K (meq)

0.19 ± 0.01c

0.20 ± 0.02c

0.29 ± 0.01b

0.27 ± 0.02b

0.28 ± 0.03b

0.90 ± 0.07a

% Na (meq)

0.09 ± 0.01ab

0.11 ± 0.09ab

0.15 ± 0.01a

0.14 ± 0.03a

0.15 ± 0.04a

0.03 ± 0.01b

b

8.01 ± 1.82

c

29.66 ± 0.25

a

7.47 ± 0.11

8.29 ± 0.01

*
The 0 to 25-cm-deep analysed soil samples were collected in areas not covered by A. senegal trees (bulk soil), and under A. senegal trees in plantation and in natural
stands at Dahra and Goudiry. For each parameter analysed, means of values followed by the same letter on each line are not significantly different according to NewmanKeuls test at 5%.
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Table 2.
Shannon diversity index, distribution and effectiveness of rhizobial IGS-RFLP profiles. The most efficient isolates (in bold) were selected as representative of each IGS-RFLP profile and their values were showed. *mean nodule number per plant; **nodule dry matter; ***shoot dry matter. In each
column, means values followed by the same letter were not significantly different according to Newman-Keuls test at 5%.
Infectivity and effectiveness test
Site

Shannon
index

Soil origin

Rhizobial isolate

IGS-RFLP
profile
Control

Dahra

Goudiry

0.638

0.933

Dahra
plantation

Goudiry
plantation

ORS 3575, ORS 3580, ORS
3581

I

ORS 3572, ORS 3573

II

SDM***
(mg∙plant−1)

0

0

55.2b

11.5abcd

5.37a

124.8a

a

127.2a

ab

III

ORS 3576, ORS 3577

IV

12.2abcd

3.8a

ORS 3578, ORS 3579

V

abcd

a

112ab

ORS 3585, ORS 3605, ORS
3628, ORS 3630, ORS 3631,
ORS 3632, ORS 3633

I

9.2bcd

4.3a

99.2ab

ORS 3629

III

ORS 3589, ORS 3593, ORS
3590, ORS 3599, ORS 3594

VI

16ab

5.3a

118.5a

ORS 3591, ORS 3604

VII

28a

6.2a

145a

ORS 3584, ORS 3602, ORS
3588, ORS 3601

VIII

9bcd

5.4a

130.7a

ORS 3595, ORS 3600

IX

15.7ab

5.4a

133.5a

ORS 3596, ORS 3597

X

12.7abcd

3a

96.7ab

XI

13.2

abcd

11.2

abcd

16

12.7

6.55

2.9

120.5a

2.8

a

123.5a

2.1

a

98.2ab

ORS 3603

XIII

ORS 3606, ORS 3610, ORS
3608, ORS 3609, ORS 3611,
ORS 3612

XII

12abcd

5.2a

115.5a

ORS 3607

XIV

14.6abcd

4.5a

116.8a

cantly different between inoculated treatments.

Relationship between Rhizobium Diversity and
A. senegal Provenances
Results of analysis of correspondence showed that the first
two axes explained 80.83% of total data variability which expressed high affinity between some IGS-RFLP groups and A.
senegal provenances (Figure 1). Three clearly distinct groups
were thus identified: the close association of Kidira provenance
with IGS-RFLP profiles V and VII; that of Goudiry provenance
with profiles I and III; and that of Dahra provenance with profiles II, IV, VI, VIII, IX, XI, XIII, and to a lesser extent XIV. It
suggests that A. senegal trees may select their symbiotic partners.
Consequently, their genetic polymorphism is reflected in their
nodulation as suggested by Sarr et al. (2005b).

Phylogeny of IGS 16S-23S rRNA
Rhizobial strains were clustered with Mesorhizobium plurifarium from their partial IGS rRNA sequences (Figure 2). Four
clusters were distinguished. Cluster I comprised six strains that
showed about 99% similarity with strains ORS 3365 and ORS
3356 isolated from A. seyal in the Senegalese groundnut basin.
Strains of cluster II were closely related to the type strain of M.
plurifarium LMG 11892T with 99% similarity. Cluster III was

OPEN ACCESS

NDM**
(mg∙plant−1)

ORS 3574

ORS 3598

Goudiry
natural stand

Nod no*

made of one strain which had 99% similarity with ORS 3404
isolated from A. seyal in the Senegalese groundnut basin, and
98% similarity with strains CIRADF 165 and ORS 3359 isolated
from Acacia nilotica in Mauritania and from A. seyal in the
Senegalese groundnut basin, respectively. Cluster IV contained
four strains, which were close to M. plurifarium strains isolated
from Acacia mangium in Senegal, i.e. CIRADAc8 and
CIRADAc15, and to strain CCBAU 45272 associated with
Astragalus in China. M. plurifarium strains were already isolated from nodules of Acacia, Leucaena, Prosopis and Chamaecrista from West Africa (Senegal), East Africa (Sudan) and
South America (Brazil) (de Lajudie et al., 1998), as well as
from South America (Velazquez et al., 2001). Interestingly, our
study revealed that IGS sequences exhibited clear diversity
within M. plurifarium strains. Nevertheless, studies performed
on A. senegal microsymbionts in Senegal showed that the species was nodulated by both the genera Mesorhizobium and Ensifer (de Lajudie et al., 1998) as well Rhizobium (Fall et al.,
2008). Nick et al. (1999) reported that A. senegal was naturally
and exclusively nodulated by Ensifer in Sudan. Moreover Njiti
& Galiana (1996) observed that A. senegal can form nodules
with both Rhizobium and Bradyrhizobium strains under in vitro
conditions but appeared to be only nodulated by Rhizobium
strains in natural conditions. On the basis of studies performed
in Senegal, A. senegal seems to be nodulated by M. plurifarium
139
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(axes F1 et F2: 80.83%)
1
XIV

B

V
VII

Ngane

VIII
IV
VI

A

X
XII

Kidira

IX
II
XI Dahra
XIII

F2 (34.81%)

0

C
I

-1
III

Goudiry

-2

-2

-1

0
F1 (46.02%)

1

2

Figure 1.
Projection of 14 representative IGS-RFLP profiles of rhizobial isolates of soils originating from arid
(Dahra) and semiarid (Goudiry) Senegalese zones, and Dahra, Ngane, Kidira, Goudiry A. senegal
provenances on the first two axes determined by the factorial analysis of correspondence.
89

ORS 3610 (JQ606825)
ORS 3607 (JQ606824)

61

ORS 3596 (JQ606819)

51

Mesorhizobium sp. ORS 3365 (DQ886913)

I

Mesorhizobium sp. ORS 3356 (DQ886910)
ORS 3603 (JQ606822)
ORS 3598 (JQ606820)
54

ORS 3604 (JQ606823)
ORS 3574 (JQ606814)

90

ORS 3600 (JQ606821)
Mesorhizobium plurifarium LMG 11892 T (AF345263)
99
96

II

ORS 3593 (JQ606818)

Mesorhizobium sp. ORS 3404 (DQ886916)
ORS 3588 (JQ606817)
Mesorhizobium sp. CIRADF 165 (AY458137)

III

Mesorhizobium sp. ORS 3359 (DQ886912)
ORS3628 (JQ606826)

95
75

ORS3576 (JQ606815)
Mesorhizobium sp. CCBAU 45272 (EU418367)
ORS 3573 (JQ606813)

61

IV

Mesorhizobium sp. CIRADAc8 (DQ311106)

51

ORS 3578 (JQ606816)

81
99

Mesorhizobium sp. CIRADAc15 (DQ311114)
Mesorhizobium mediterraneum USDA 3392 T (AF345262)
Mesorhizobium amorphae LMG 18977 T (AF345257)

50

Mesorhizobium tianshanense USDA 3592 T (AF345264)

53

Mesorhizobium huakuii LMG 14107 T (AF345259)
Mesorhizobium ciceri LMG 14989 T (AF345258)
94

Mesorhizobium loti LMG 6125T (AF345260)
Azorhizobium caulinodans ORS 571T (AF345253)

0.1

Figure 2.
Phylogenetic (maximum likelihood) tree based on aligned sequences of 16S-23S rDNA intergenic
spacer (700 nt) using MEGA5. The accession numbers for the sequences are indicated in parentheses.
The sequences generated in this work are shown in bold. Only bootstrap probability values >50% (100
replicates) are indicated at the branching points. Type strains are indicated as (T).
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Conclusion
In conclusion, the distribution of root-nodulating bacteria
associated with A. senegal was correlated to physical and
chemical characteristics of the soils. The root-nodulating bacteria associated to A. senegal seemed to be selected by the seed
provenance. Genotypic and phenotypic diversity of rhizobia
associated with A. senegal is considerable in the Sahalian part
of Senegal with an even higher genetic diversity in less drastic
environmental conditions. A. senegal appears to be mainly
nodulated by members of M. plurifarium strains in Senegal. In
the future, specific studies on the symbiotic performances of
rhizobial strains in relation to plant provenance and soil type
should be performed aiming at selecting both symbionts in
relation to environmental conditions.
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C ORS 3576
ORS 3578
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Phenotypic Properties of Rhizobial Isolates
Rhizobial strains from both regions were phenotypically heterogeneous and formed four distinct clusters (Figure 3). The
strains tested were linked with a similarity level of about 80%.
Majority of strains were able to metabolize all sugars except
salicin. In addition, most of the strains tolerated heavy metals at
the concentrations tested. However, all strains occurring in
clusters A, B and C were sensitive to CuSO4, HgCl2 and CdSO4,
Pb-acetate (1000) and FeCl3∙6H2O (750). Concerning antibiotics sensitivity, rhizobial strains were more sensitive to tetracycline. The strains isolated from A. senegal in our study exhibited
a high phenotypic diversity. These results are consistent with
those of Fall et al. (2008). In contrast to genotypic results based
on IGS-RFLP profiles, the phenotypic diversity of rhizobial
strains was not correlated to the geographical origin. However,
Xavier et al. (1998) observed that the antibiotic sensitivity of
rhizobial strains was influenced by climatic and soil conditions,
respectively. These results may indicate that there is no relationship between the genotypic and phenotypic diversity of
rhizobial strains. Similar results were reported by Elboutahiri et
al. (2010) for Sinorhizobium strains nodulating Medicago sativa in Morocco. Contrary to our results, Fall et al. (2008) found
a correlation between phenotypic and genotypic characteristics
of A. senegal rhizobial strains from Senegalese dry land areas.

5

Cluster Dendrogram

rather than Ensifer (Sinorhizobium) and Rhizobium. Ba et al.
(2002) showed that Nod factors of rhizobia isolated from Acacia tortilis subsp. raddiana in Africa are identical or very close
to Nod factors produced by other fast-growing Acacia nodulating rhizobia i.e. Sinorhizobium terangae ORS1073 and M.
plurifarium ORS1001 isolated from A. senegal (Lorquin et al.,
1997), strain GRH2 isolated from Acacia cyanophylla (LopezLara et al., 1995) and Rhizobium tropici CFN299 and CIAT899
(Folch-Mallol et al., 1996) isolated from bean. Since, as A.
senegal appears to have strict requirements in regard to Nod
factors the rhizobia that nodulate it produce (Ba et al., 2002),
the species seems to be mainly nodulated by a type of rhizobia
according to the geographic position.
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Figure 3.
Dendrogram showing phenotypic relationships between rhizobial
strains representative of the 14 IGS-RFLP groups isolated from A.
senegal based on similarity. Dendrogram was obtained from 52 phenotypic traits: 17 carbohydrate sources (ribose, D xylose, L (+)-rhamnose, L (+)-arabinose, D (+)-glucose, D (+)-galactose, saccharose, D
(+)-maltose, trehalose, lactose, D (+)-raffinose, mannitol, glycerol,
sorbitol, amidon, salicilin and levulose (Diouf et al., 2008)), 11 heavy
metals (µg∙ml−1): CuSO4, 5H2O (500); HgCl2 (5); CdSO4 (50); ZnSO4
(250); Pb-acetate (1000); FeCl3, 6H2O (750); MnCl2, 4H2O (1000);
MnSO4 (1000); MgSO4 (1000); BaCl2, 2H2O (1000) and CoSO4 (150))
and 6 antibiotics: (kanamicin, streptomycin, ampicillin, chloramphenicol, tetracycline, rifampicin with four concentrations for each 10, 20, 50,
100 µg∙ml−1).

Oumar SADIO for R statistical analysis. The authors are grateful to Marie-Cécile Maraval (Cirad/TAC-112/A, Baillarguet,
Montpellier) for the English editing.
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