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Piliostigma reticulatum shrub is a native legume found in fallow areas in dry and semi-dry savanna soil 
and is used in intercropping systems. The aim was to understand the functioning of the rhizosphere, 
particularly the involvement of symbiotic and free living-N fixing bacteria. Soil extracts collected from P. 
reticulatum roots were sampled in two contrasting areas and endophytic bacterial communities were 
isolated using three trap host species (F. albida, A. bivenosa and V. seyal). Potential endophytic 
bacteria (PEB) were characterized by RFLP, nifH PCR and by 16S rRNA gene sequencing. The 
subsequent behavior of P. reticulatum was monitored in vitro by measuring leaf weight, biomass and 
chlorophyll content, after inoculation with PEB. This approach enabled isolation of 59 bacteria 
belonging to different genotypes. The most abundant genera were Cohnella (27.65%) among which 11 
isolates clustered together and could represent a new species closely related to C. plantaginis. The 
other dominant genera were Paenibacillus (21.27%), Bradyrhizobium (14.89%) and Ensifer (8.5%). The 
nitrogen fixing gene (nifH) was detected in 21 strains and in particular, detected in a single isolate 
(PZS_S04) close to Cohnella xylanilytica. The strains PZS_S05 (Ensifer) and PZG_A18 (Cohnella) 
significantly increased certain parameters including shoot dry weight, shrub height at 90 days and 
photosynthetic activity (SPAD), compared to  non-inoculated controls.The result obtained showed that 
soil under the influence of P. reticulatum roots harbored a specific diversity of endophytic bacteria 
including two free living-N fixing bacteria with the potential to improve the growth of P. reticulatum in 
natural conditions. 
 

Key words: Piliostigma reticulatum, microbiology, phylogeny, Potential endophytic bacteria (PEB), nitrogen-fixing 
bacteria. 

 
 

INTRODUCTION  
 

The rhizosphere of legumes is a  fertile  zone  due  to  the accumulation  of  different  organic  compounds  released  



 

 
 
 
 
from their roots (Bowen and Rovira, 1999; Barea et al., 
2005). For this reason, the soil under the influence of 
plant roots is very favorable for the growth and activity of 
microbial communities, which plays a significant role in 
carbon and nitrogen biogeochemical cycles (Vitousek 
and Howarth, 1991; Toal et al., 2000). Plant-associated 
bacteria can also have a beneficial impact on legume 
nutrition as nitrogen is biologically fixed by nitrogen-fixing 
symbiotic bacteria or by free living-N fixing bacteria in the 
rhizosphere. Nitrogen-fixing symbiotic bacteria (or 
rhizobia) can establish symbiotic relationships and can 
reduce the atmospheric nitrogen (N2) into ammonium 
(NH4

+
), which can be directly assimilated by plants. In 

addition, it is known that rhizobia can behave like non-
symbiotic endophytes of legumes or non-legume plants 
such as maize, rice, cotton and wheat (Ueda et al., 1995; 
Engelhard et al., 2000) and can establish non-specific 
relationships with plants. However, the effects of the 
micro-environment formed by the plant rhizosphere on 
nitrogen-fixing symbiotic bacteria diversity remain 
unclear, in particular, on the subfamilies of Leguminosae 
such as Cercidoideae (LPWG, 2017). This new subfamily 
proposed by the Legume Phylogeny Working Group 
(LPWG) currently contains 12 genera (including 
Piliostigma genus) which mainly grow in tropical regions 
and have no root nodules (LPWG, 2017).   
P. reticulatum (DC.) Hochst is a pioneer species, able to 
grow on degraded land, and to increase plant succession 
by other species. The shrub induces spatial heterogeneity 

of soil chemical properties in arid and semi-arid 
environments (Diedhiou et al., 2009). Twigs and wood 
fragments of P. reticulatum can also be used as dead 
ground cover (Diedhiou et al., 2009; Yélémou et al., 
2013), to restore degraded land and improve crop yields 
(Bright et al., 2017). The use of P. reticulatum residues 
may improve the ability of soils to respond to saline 
conditions (Sall et al., 2015). Soil under the influence of 
the shrub is described in terms of islands of fertility 
(Wezel et al., 2000; Housman et al., 2007) due to a shift 
in soil microbial community diversity and enzymatic 
functions beneath the rhizosphere of the shrub compared 
to bulk soil (Diedhiou et al., 2009; Diedhiou-Sall et al., 
2013). However, how microbial communities including 
symbiotic and non-symbiotic bacteria present in the soil 
under the influence of P. reticulatum contribute to the 
growth of this shrub remains unclear. Some non- 
symbiotic endophytic bacteria have several beneficial 
effects on host plants.  During colonization of the roots or 
soil rhizosphere, they stimulate and promote plant growth 
(Bai et al., 2003; Aserse et al., 2013). Microorganisms 
isolated from the rhizosphere of various crops have been 
shown to produce phytohormones such  as  indole  acetic  

Niang et al.          2669 
 
 
 
acid as secondary metabolites. The different biosynthetic 
pathways of this hormone are already well described for 
some bacterial genera such as Azospirillum, Azotobacter 
and Paenibacillus (Shokri and Emtiazi 2010). Endophytes 
play an important role in the degradation of plant litter 
and organic pollutants, which in turn, actively increases 
soil fertility (Wang and Dai, 2011). Some works (James et 
al., 2000; Turner et al., 2013) suggest that endophytic 
bacteria may increase nitrogen fixation. 

The aims of the study were to understand the 
functioning soil under the influence of P. reticulatum to: 1) 
evaluate the diversity of bacteria (symbiotic and non-
symbiotic nitrogen fixing); and 2) study their impact on 
the growth of P. reticulatum plants. 
 
 
MATERIALS AND METHODS 
 
Sites and sampling of shrub 

 
This study was performed at two climatically and environmentally 
contrasted sites. The first site Zone Sudano-Sahelian (ZSS) is 
located near Ndiassane (14°55'N-16°49' W), Senegal. The area is 
characterized by a Sudano-Sahelian climate with mean annual 
rainfall ranging from 400 to 600 mm. The second site Zone Sudano-
Guinean (ZSG) is located in the village of Sare Yorobana (12°50'N-
14°50'W), Senegal. This southern area is characterized by a 
Sudano-Guinean climate with more rain, and the mean annual 
rainfall reaches between 800 and 1,200 mm. At each site, three P. 
reticulatum shrubs ~ 1.5 m high were chosen and the soil under the 
shrub was sampled to a depth of 25 cm. The soil samples were 
composed of rhizosphere soil and extended to soil located around 
the roots, as soil adhering to the roots and around the roots are 
both under the influence of the shrub. 

 
 
Trapping potential endophytic bacteria (PEB) associated with P. 
reticulatum. 
 
The PEB present in the soil under the influence of P. reticulatum roots 
were studied using three trap host species (Faidherbia (syn Acacia) 
albida, A. bivenosa and Vachellia (syn Acacia) seyal) belonging to the 
mimosoid clade and the subfamily of Caesalpinioideae (LPWG, 2017). 
Firstly, the seeds of these species were scarified and the surface 
sterilized by soaking them in 95% (v/v) sulfuric acid for 30 min. The 
seeds of F. albida, A. bivenosa and V. seyal were thoroughly rinsed and 
soaked in sterile distilled water for 5 h, 7 h and 2 h for F. albida, A. 
bivenosa and V. seyal, respectively. The seeds were left to sprout in 
Petri dishes containing 2% agar and then incubated at 28°C for 48 h. 
The sprouting seeds were transferred under sterile conditions to Gibson 
tubes (Gibson 1963) containing a sterile Jensen nitrogen-free nutrient 
medium adjusted to pH 7 (Vincent 1970). The seedlings in the tubes 
were maintained in a growth chamber in the following conditions (at 28 
± 1°C with a 16 h day/8 h night photoperiod, relative humidity of 45 ± 
5% and a 74 μmol.m

−2
. s

−1
 light intensity). After one week, the young 

plants were inoculated with 5 ml soil suspensions (10 g of soil in 90 ml 
of physiological water) influenced by P. reticulatum. Four repetitions 
were performed for each trap host species and four non-inoculated 
plants were used as controls. 
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Isolation of endophytic bacteria 
 
After 45 days of growth, the nodules growing on the roots of the 
trap host species (F. albida, A. bivenosa, V. seyal) were harvested 
and enumerated. The nodules were then sterilized using a solution 
of HgCl2 (2% w/v) for 3 min, followed by several soakings in sterile 
water. The endophytic bacteria were isolated by streaking a loop-
full of the crushed nodule on yeast mannitol agar (YMA) medium 
(Vincent, 1970) and incubated at 28°C for  24 h to 72 h. Similar 
morphological colonies to rhizobia were pricked out on YMA. Pure 
colonies were obtained after successive transplanting of single 
colonies on new plates. 

After the strains were identified by sequencing, sub-groups of 
strains showing strong similarity with known bacterial species 
belonging to the family of Rhizobiaceae and Bradyrhizobiaceae 
were retested for their ability to nodulate their respective hosts, 
using Gibson tubes (Gibson, 1963) as described above.  
 
 
DNA extraction and PCR of 16S rRNA and nifH genes  
 
The genomic DNA of isolated bacteria was extracted using the 
NucleoSpin Tissue 96 kit (Macherey Nagel) according to the 
manufacturer’s instructions. All PCR were performed using the kit 
illustra Hot Start Mix RTG (GE Health care, Bucking Hampshire, 
UK). The 16S rRNA gene was amplified using pA 
(AGAGTTTGATCCTGGCTGAG) and pH 
(AAGGAGGTGATCCAGCCGCA) primers (Edwards et al., 1989). 
The reaction was carried out with 35 cycles as follows: denaturation 
for 15 s at 94 °C, primer annealing for 30 s at 55°C, and 
polymerization for 90 s at 72°C, plus a preheating phase of 5 min at 
94°C and a terminal extension for 3 min at 72 °C. The nifH gene 
was amplified using the primers PolR 
(ATSGCCATCATYTCRCCGGA) and PolF 
(TGCGAYCCSAARGCBGACTC) (Poly et al., 2001) under the 
following conditions: 30 cycles each, denaturation for 60 s at 94 °C, 
annealing for 60 s at 60 °C, and elongation for 60 s at 72 °C. The 
cycles began with 95 °C denaturation for 15 min and ended with an 
extension phase for 10 min at 72 °C. PCR products were submitted 
to electrophoresis on 1% agarose gel for 30 min at 100 V and 
stained with ethidium bromide. 
 
 
RFLP of 16S rRNA gene 
 
The PCR products of the 16S rRNA gene were digested with two 
restriction endonucleases (Fast Digest enzyme) HaeIII and MspI 
(Thermo Fisher Scientific). For each PCR product, digestion was 
carried out in a volume of 20 μl containing 0.5 μl of enzyme, 2 μl of 
buffer, 5 μl of PCR products and 12.5 μl of water, and the mixtures 
were incubated at 37 °C for 30 min. Electrophoresis was performed 
on 2% agarose gel for 60 min at 100 V and stained with ethidium 
bromide. The results were analyzed by comparing bands, which 
enabled the clustering of profiles according to the position and size 
of bands. 
 
 
Taxonomic identification of endophytic bacteria 
 
The PCR products of 16S rRNA gene of isolates were sequenced 
(GATC Biotech, Constance, Germany). The nucleotide sequences 
were verified and corrected using SeqMan Pro (DNASTAR - 
Software for Molecular Biology - Sequence Analysis) and aligned 
with Clustal W Multiple alignment (Thompson et al., 1994). The 
resulting sequences were blasted against reference sequences in 
the NCBI database (http://www.ncbi.nlm.nih.gov/Blast.cgi). The 
evolutionary history was inferred using the neighbor-joining  method  

 
 
 
 
(Saitou and Nei 1987). Evolutionary analyses were conducted in 
MEGA6 (Tamura et al., 2013). The percentage of replicate trees in 
which the associated taxa were clustered together in the bootstrap 
test (1000 replicates) was shown next to the branches. All 
sequences were submitted to NCBI with accession numbers 
ranging from KY992880 to KY992923. 
 
 
Growth of P. reticulatum in in vitro conditions 
 
The seeds of P. reticulatum were scarified in sulfuric acid for 1 h, 
then rinsed several times and soaked for 24 h in sterile water. The 
seeds were grown on 2% agar at 28°C for 48 h and then 
transferred into Gibson tubes. The seedlings in tubes were 
maintained in a growth chamber under the conditions described 
above. After 5 days, the seedlings were inoculated with 1 ml of 
bacterial culture (approximately 109 cfu ml−1) of each of the seven 
PEB. Five replicates were made for each strain and five non-
inoculated plants were used as controls. The level of free-nitrogen 
nutritional plant was readjusted regularly in the tubes. 

After three months of growth, the height of the plants was 
measured and chlorophyll content of the leaves was measured with 
a SPAD-502 chlorophyll meter (SPAD-502, Minolta Corp.; Ramsey, 
NJ, USA). Shoots and roots were harvested separately and dried at 
70 °C to constant dry weight, after which dry weight was measured.  
 
 
Statistical analyses  

 
Statistical analyses were performed on the different growth 
parameters to investigate the effect of each treatment. ANOVA was 
followed by comparison with controls using Dunnett’s test. The 
multcomp package (Hothorn et al., 2008) was used with one-sided. 
Dunnett tests (strains tested had positive effects on these growth 
parameters).  

 
 
RESULTS 
 
Capture of PEB from soil under the influence of P. 
reticulatum 
 
Soil under the influence of P. reticulatum sampled from 
the two contrasting sites contained different numbers of 
nodules depending on the three trap plants (F. albida, A. 
bivenosa and V. seyal). A total of 140 nodules were 
recovered at Sudano-Sahelian site (ZSS), of which 83 
nodules came from the roots of F. albida, 43 nodules 
from the roots of V. seyal and only 14 from the roots of A. 
bivenosa. At the Sudano-Guinean site, a greater number 
of nodules (412) formed on the roots of the three trap 
plants. A total of 337 nodules formed on the roots of F. 
albida, 74 nodules on the roots of V. seyal and only one 
nodule formed on roots of A. bivenosa. Next, 10 nodules 
were sub-sampled on each trap plant to isolate the PEB, 
except for A. bivenova from the Sudano-Guinean site. 
Morphological screening under a magnifying glass 
enabled the selection of 59 PEB including 26 from the 
site. Sudano-Sahelian site and 33 from the Sudano-
Guinean.  

The 16S rRNA gene PCR was performed on the 59 
PEB. RFLP profiles  revealed  14  different  clusters  (I  to  
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Table 1. Distribution of 16S RFLP profiles of Potential Endophytic Bacteria (PEB) isolated from 
nodules of three trap host species (Faidherbia albida, Acacia bivenosa and Vachellia seyal). 
 

Distribution of profiles (number)  Distribution of Grps (%) 

 ZSS  ZSG  

 F. alb A. biv V. Sey  F. alb A. biv V. Sey  

I 2 1 5  5 1 6  34 

II 7 - -  3 - 1  18 

III - - 1  1 - 2  7 

IV 1 - 2  - - 7  17 

V - 1 -  - - 1  3 

VI 1 - 1  - - 1  5 

VII - - 1  - - 1  3 

VIII - 1 -  - - -  2 

IX - - -  1 - -  2 

X - - -  1 - -  2 

XI - - -  1 - -  2 

XII 1 - -  - - -  2 

XIII - 1 -  - - -  2 

XIV - - -  - - 1  2 

 
 
 
XIV) based on the number and size of the bands (Table 
1). Cluster I was the most abundant (34%) and was found 
with three plant hosts. Cluster II was the second biggest 
group with 18% of profiles most isolated from nodules of 
F. albida. The profile of cluster IV was characteristic of 
the Sudano-Guinean site and isolated from nodules of V. 
seyal. The other groups were poorly represented, 
regardless of the host plant or the origin of the soil. 

The PCR of nifH gene was also performed on 59 PEB, 
of which 35.6% (21 isolates) showed a positive 
amplification signal (Table 2), with nine positive signals of 
PEB at the Sudano-Sahelian site and 12 at the Sudano-
Guinean site. According to the three trap host species 
used, the 21 nifH genes were distributed as follows: 15 
positive signals (71.4%) were obtained with V. seyal; four 
positive signals (19%) with F. albida and only two positive 
signals (9.5%) with A. bivenosa. 
 
 
Taxonomic diversity of potential endophytic bacteria 
(PEB) 
 
The results (Table 2) revealed 25 different species of 
PEB distributed in four clusters (Figure 1). These PEB 
belong to nine (9) families: Paenibacillaceae, Bacillaceae, 
Rhizobiaceae, Phyllobacteriaceae, Bradyrhizobiaceae, 
Moraxellaceae, Pseudomonadaceae, Burkholderiaceae 
and Micrococcaceae.   

Cluster I included 25 strains and was separated in two 
sub-clusters (SC1 and SC2). The SC1 group contained 
22 strains with strong  similarity  to  the  Paenibacillaceae 

family. Thirteen (13) strains were closely related to the 
Cohnella genus, most of which (11) were grouped in a 
subgroup closely related to Cohnella plantaginis isolated 
from plantain in China (Wang and Dai 2011). One strain 
(PZG_A13) was close to C. rhizosphaerae isolated from 
the rhizosphere environment of Zea mays (Kämpfer et 
al., 2015) and one (PZS_S04) formed a set with C. 
xylanilytica (Khianngam et al., 2010). Nine strains were 
closely related to Paenibacillus glycanilyticus (Kajiyama 
et al., 2002), to P. humicus (Vaz-Moreira et al., 2007), 
and to P. rigui, isolated from a freshwater wetland (Baik 
et al., 2011). The SC2 grouped three strains, including 
two strains (Bacillus aryabhattai and Bacillus sp strains 
(HM212416.1)), closely related to the Bacillus genus and 
one strain close to Rummeliibacillus suwonensis. These 
strains were isolated from different environments; 
Bacillus aryabhattai was isolated from the rhizosphere 
region of Lemna sp of East Kolkata wetlands of the 
Indian sub-continent (Ray et al., 2012), Bacillus sp strains 
(HM212416.1) and Rummeliibacillus suwonensis isolated 
from soil collected in a mountain area of South Korea 
(Her and Kim, 2013). 
Cluster II contained a single isolated strain (PZS_A07), 
which was closely related to Kocuria marina sp, which is 
a novel Actinobacterium isolated from marine sediment 
(Kim et al., 2004). 

Cluster III contained 12 strains separated in two sub-
clusters (SC3 and SC4). Five strains were grouped in the 
SC3 cluster with almost 100% similarity with 
Bradyrhizobium elkanii (Kuykendall et al., 1992) and 
Bradyrhizobium   liaoningense   isolated   from   the   root  
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Table 2. PCR signal of the nifH gene and sequence similarities of 16S rRNA gene of Potential Endophytic Bacteria 
(PEB) isolated from nodules of three trap host species (Faidherbia albida, Acacia bivenosa and Vachellia seyal). 
 

Name of PEB nifH PCR Accession number Closest related organism Accession n° % Similarity 

PZS_B04 -  KY992880 Acinetobacter.pittii CP017938 100 

PZG_S16  +  KY992881 Bacillus aryabhattai EF114313 100 

PZS_B03  +  KY992882 Bacillus sp. GIMN1.006  HM212416 100 

PZS_S08  +  KY992883 Bradyrhizobium elkanii  JQ911631  100 

PZG_S14  + KY992884 Bradyrhizobium elkanii  JQ911632 100 

PZG_S20  + KY992885 Bradyrhizobium elkanii  JQ911633 100 

PZS_A08  + KY992886 Bradyrhizobium elkanii  JQ911633 100 

PZG_S09  + KY992887 Bradyrhizobium liaoningense AB698736 99 

PZG_A19  - KY992888 Paraburkholderia insulsa KF733462 100 

PZS_S06 - KY992889 Caballeronia zhejiangensis HE983367 100 

PZS_A03 - KY992890 Caballeronia zhejiangensis HE983367 100 

PZS_B01 - KY992891 Cohnella plantaginis JN982125 98 

PZS_S02 - KY992892 Cohnella plantaginis JN982125 98 

PZS_S07 - KY992893 Cohnella plantaginis JN982125 97 

PZS_A06 - KY992894 Cohnella plantaginis JN982125 98 

PZG_B05 - KY992895 Cohnella plantaginis JN982125 98 

PZG_S10 - KY992896 Cohnella plantaginis JN982125 97 

PZG_S15 - KY992897 Cohnella plantaginis JN982125 97 

PZG_S18 - KY992898 Cohnella plantaginis JN982125 98 

PZG_A12 - KY992899 Cohnella plantaginis JN982125 98 

PZG_A13 - KY992900 Cohnella plantaginis JN982125 99 

PZG_A18 - KY992901 Cohnella plantaginis JN982125 98 

PZG_A20 - KY992902 Cohnella plantaginis JN982125 98 

PZS_S04  + KY992903 Cohnella xylanilytica HE866503 97 

PZS_S05  + KY992904 Ensifer adhaerens   AJ420774 100 

PZG_S11  + KY992905 Ensifer adhaerens   AJ420774 100 

PZG_S19  + KY992906 Ensifer adhaerens   AJ420774 100 

PZG_A15  + KY992907 Ensifer sp. JNVU CB6 JN832576  100 

PZS_A07  - KY992908 Kocuria marina   KP345974 100 

PZS_B02  + KY992909 Mesorhizobium plurifarium JQ039741 100 

PZS_A02 - KY992910 Paenibacillus glycanilyticus NR_024759  99 

PZS_A09  - KY992911 Paenibacillus humicus AM411529 100 

PZS_A10  - KY992912 Paenibacillus humicus AM411529 100 

PZG_A14 - KY992913 Paenibacillus glycanilyticus NR_024759 99 

PZG_A17 - KY992914 Paenibacillus glycanilyticus NR_024759  99 

PZS_A01 - KY992915 Paenibacillus humicus AM411529 99 

PZG_A11 - KY992916 Paenibacillus rigui strain NR116517 97 

PZS_A05  + KY992917 Paenibacillus sp. JG-TB13 FR849925 99 

PZG_S12  + KY992918 Paenibacillus sp. JG-TB13 FR849925  99 

PZG_A16 - KY992919 Pseudomonas azotoformans  KT375344 100 

PZG_S17 - KY992920 Ralstonia pickettii  CP001069 99 

PZG_S21 - KY992921 Rhizobium sp. Lv6.1Se DQ422964 98 

PZS_S01 - KY992922 Rhizobium sp. ORS 3441 EU584258 100 

PZG_A21  - KY992923 Rummeliibacillus pycnus NR041521  99 
 

PEB: Potential endophytic bacteria; (+): positive signal of nifH; (-): negative signal of nifH;  Twelve (12) other strains were not 
sequenced and the results by nifH amplification were as follows: PZG_A22 (-); PZG_S22 (-); PZG_S23 (-); PZG_S24 (-); 
PZG_S25 (-); PZG_S26 (+); PZG_S27 (+); PZG_S28 (+);PZS_A23 (-); PZS_A24 (-);PZS_S29 (-); PZS_S30 (-). Three slow 
sequences are not included in the table: PZG_S13 (+), PZS_S03 (+), PZS_A04 (+). 
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Figure 1. Phylogenetic tree of Potential Endophytic Bacteria (PEB) based on aligned sequences of 16S 
rRNA gene. Phylogeny history was inferred using the neighbor-joining method. Only bootstrap probability 
values >70% (1000 replicates) are shown at the branching points. Phylogenetic analyses were 
conducted in MEGA version 6; C: cluster; SC: sub-cluster 
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Figure 2. Response of P. reticulatum inoculated with 7 potential endophytic bacteria (PEB) in terms of chlorophyll content 
(SPAD) and height at 90 days (cm); The histograms represent the means and the errors represent the standard deviations 
(n=5); Signification of codes:  0.001 ‘**’, 0.01 ‘*’ and 0.05 ‘°’ according to ANOVA and Dunnett’s.  

 
 
 
nodules of soybean (AB698736). The SC4 grouped seven fast 

growing strains, which were close to Mesorhizobium 
plurifarium (de Lajudie et al., 1998), to Rhizobium 
giardinii sp isolated from Phaseolus vulgaris nodules 
(Amarger et al., 1997) and to Ensifer adhaerens (Casida 
Jr, 1982).  

Cluster IV contained six strains, which were close to 
different bacterial species: Pseudomonas azotoformans 
(Iizuka and Komagata 1963), Acinetobacter calcoaceticus 
(AJ888983), Ralstiona pickettii (Ralston et al., 1973), 
Caballeronia zhejiangensis (HE983367), and 
Paraburkholderia insulsa (KF733462).  
 
 
Impact of PEB on the growth of P. reticulatum 
 
In order to evaluate the impact of PEB isolated from soil 
under the influence of P. reticulatum, seedlings of the 
shrub were inoculated with seven strains (PZG_A17, 
PZG_A18, PZG_S09, PZG_S14, PZS_B02, PZG_S04 
and PZS_S05), mainly chosen on the basis of the 
presence of the nifH gene (Table 2). After three months, 
P. reticulatum shrubs inoculated with the three strains 
significantly increased the chlorophyll contents of leaves 
measured by SPAD (Figure 2), compared to the 
inoculated shrub. These were strains PZG_A18 close to 
Cohnella, PZG_S14 close to Bradyrhizobium elkanii and 
to a lesser extent, PZS_S05 close to Ensifer (p < 0.001, p 
<  0.01  and   p  <  0.05  respectively).  Analyses  of  plant 

height showed that (Figure 2) the endophytic bacteria 
PZS_S05 and PZG_A18 significantly improved (p < 0.001 
and p < 0.01, respectively) the growth of the shrub, 
compared to controls.  

In terms of shoot dry weight (Figure 3), only the 
endophytic bacteria PZG_A18 differed significantly (p < 
0.001) from inoculated plants. The dry weight of roots 
(Figure 3) revealed no significant difference between the 
inoculated plants and the controls, except for PZS_S05, 
which increased root weight (p < 0.05). In terms of total 
dry weight, no significant difference was observed 
between inoculated plants and controls (Figure 3). In 
total, the strains PZS_S05 close to Ensifer and PZG_A18 
close to Cohnella induced a significant increase in certain 
parameters including dry weight of roots, growth at 90 
days and photosynthetic activity, compared to the 
inoculated shrub.  
 

 

DISCUSSION 
 
The use of three host trap species (F. albida, V. seyal 
and A. bivenosa) provided access to the diversity of 
potential endophytic bacteria (PEB) present in the soil 
under the influence of P. reticulatum roots in two 
contrasting areas (one Sudano-Sahelian and one 
Sudano-Guinean). Indeed, the number of nodules formed 
on the roots of host plants showed that the soil from 
Sudano-Guinean site induced more nodules  than the soil  
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Figure 3. Dry weight of shoots (g) roots (g) and total of P. reticulatum inoculated with 7 endophytic bacteria. The histograms 
represent the means and the errors represent the standard deviations (n=5). Signification of codes:  0.001 ‘**’, 0.01 ‘*’ and 0.05 
‘°’ according to ANOVA and Dunnett’s. 

 
 
 

Table 3. Soil properties at the ZSS site (Sudano-Sahelian climate) 
and at the and at the ZSG site (Sudano-Guinean climate) 
 

Soil components ZSS soil ZSG soil 

% Clay 11.93
a
 9.02

a
 

% Silt 11.8
a
 18.28

a
 

% Sandy 73.14
a
 71.92

a
 

% Total N 0.084
a
 0.040

a
 

% Total C 0.940
a
 0.622

a
 

Total P (mg∙kg−1)  1486.25
a
 57.75

b
 

Ratio C:N 11.52
b
 15.69

a
 

 
 
 
from Sudano-Sahelian site. These differences seem to be 
due mainly to the contrasting soil properties (Table 3) at 
the two sites. In fact, soils from the two regions of 
Senegal used in this study are both sandy, but the soil 
from the Sudano-Guinean site had a higher percentage 
of silt and clay than the soil from the Sudano-Sahelian 
site. Similar results were found using Senegalia senegal 
inoculated with soils from arid and semi-arid regions of 
Senegal (Bakhoum et al., 2014) and A. saligna  
inoculated with soils from northern and southern areas of 
Algeria (Amrani et al., 2010). As expected, the diversity of 
RFLP profiles was also higher in the soil from Sudano-
Guinean site than the soil from Sudano-Sahelian site.  

On the other hand, the results showed that the number 
of nodules formed with F. albida was higher than the 
number  obtained   with   A.    bivenosa    and    V.   seyal 

regardless of the origin of the soil. The largest number of 
taxonomic groups was obtained on V. seyal host despite 
the fact that the same number of nodules was sub-
sampled. This is in agreement with the fact that V. seyal 
belongs to the group of plant species that can be 
nodulated by the Ensifer genus (Sinorhizobium) (Odee et 
al., 2002; Romdhane et al., 2005; Cordero et al., 2016; 
Sankhla et al., 2017) and Mesorhizobium (Diouf et al., 
2007). In contract, A. bivenosa and F. albida are 
frequently nodulated by the Bradyrhizobium genus (Odee 
et al., 2002; Perrineau et al., 2012; Sprent et al., 2017). 
Even though the trap plants are selective with respect to 
soil bacteria, they have the advantage of selecting 
endophytic bacteria, including Rhizobia, more easily.  

The results showed that the isolated bacterial belonged 
to      nine      families:     Paenibacillaceae,    Bacillaceae,  
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Rhizobiaceae, Phyllobacteriaceae, Bradyrhizobiaceae, 
Moraxellaceae, Pseudomonadaceae, Burkholderiaceae 
and Micrococcaceae. More than 60% of these bacterial 
species were denoted non-symbiotic bacteria. A similar 
study carried out by Burbano et al. (2015) found fewer 
families of bacteria associated with Colophospermum 
mopane. As P. recticulatum, Colophospermum mopane 
also belongs to the family of non-nodulate plants (LPWG, 
2017). Thus, the trap species used in this study clearly 
revealed the presence of symbiotic and nitrogen-fixing 
bacteria (Mesorhizobium, Bradyrhizobium and 
Rhizobium) in soil under influence of P. reticulatum. In 
addition, all the strains identified as belonging to the large 
group of rhizobia were able to form nodules on roots of 
their respective host plants (data not shown). This shows 
that P. reticulatum is unable to form visible nodules, but 
could influence the bacterial diversity of soil. This is in 
agreement the work of Diedhiou et al. (2013) who used 
phospholipid fatty acid analysis (PLFA) of microbial 
communities and also reported that Gram-positive 
bacteria (non-symbiotic) were in the majority in the soil 
under the influence of P. reticulatum. 

To study the growth of P. reticulatum in in-vitro 
conditions, nitrogen fixing genes among the isolated 
strains were investigated. Among nitrogenase proteins, 
the nifH sub-unit is the most conserved. In this study, the 
screening of 59 PEB showed that a little less than half the 
isolates produced positive signals to nifH gene 
amplification, including almost endophytic bacteria 
belonging to the rhizobia group (except PZS_S01, 
Rhizobium sp). The absence of amplification of the latter 
strain may be due to a sequence divergence between the 
primers used and the gene present in the genome.  
Strains closely related to Cohnella species were the most 
abundant endophytes sampled. The majority of these 
isolates clustered together with a high bootstrap value 
and was closely related to C. plantaginis. This cluster 
could represent a new Cohnella species (Figure 4). All 
the strains in this sub-cluster showed negative signals for 
the nifH gene. However, Wang et al. (2012) recently 
reported Cohnella plantaginis to be a novel nitrogen-
fixing species, but by using the acetylene reduction 
assay. In contrast to this sub-cluster, PZS_S04, similar to 
Cohnella xylanitytica (97%), showed positive 
amplification of the nifH gene. C. xylanitytica is a xylan-
degrading bacterium and was recently proposed as a 
new Cohnella species (Khianngam et al., 2010). It is 
known that many members of the Bacillus and 
Peanibacillus genera are diazotrophic bacteria. This is 
certainly the case of strains PZS_B03, PZG_S16 
(belonging to the Bacillus genus), PZS_A04 and 
PZG_S12 (belonging to the Peanibacillus genus). In fact, 
the Bacillus genus also comprised a high percentage of 
endophytic bacteria associated with the roots of 
Colophospermum mopane (Burbano et al., 2015). 
Comparison of the results of this study and those of 
Burbano  et  al.,  showed  that  PEB  from  P.  reticulatum  

 
 
 
 
were more diversified than those associated with the 
roots of C. mopane and Cohnella sp. was not found 
associated to with roots of C. mopane. The different 
approaches used in the two studies (direct isolation or 
functional approach) could explain these differences.  
In addition, the presence of nitrogen-fixing species 
suggests that these species could be involved in the 
supply of nitrogen to the plant, as well as enriching the 
soil with nitrogen. These groups are frequently 
encountered in the nodules of legumes (Zakhia et al., 
2006). Their role in the nodules remains obscure, but 
they probably play a role in biological fixation in the 
nodules and/or beneficial effects via production of plant 
hormones that promote plant growth. In all, seven PEB 
were selected and inoculated on young plants of P. 
reticulatum. Compared to controls, PZS_S05 (Ensifer sp.) 
and PZG_A18 (Cohnella sp.) were able to significantly 
increase the height of the shrub. These two same strains 
also significantly increased chlorophyll contents, as is the 
case for PZG_S14 strain. Regarding dry weight, only 
strains PZG_A18 and PZS_S05 significantly increased 
dry shoot and root dry weight, respectively, but to a 
lesser extent. The mechanisms involved in these 
significant increases in plant growth should now be 
investigated, although many studies have shown that 
non-symbiotic endophytic bacteria can been used as 
inoculants to promote plant growth, nodulation, and to 
increase yields (Bai et al., 2003; Liu et al., 2010; 
Stajkovic et al., 2011). Stajković and collaborators (2011) 
also showed that shoot dry weight and nitrogen content in 
common bean plants were improved after co-inoculation 
of Rhizobium phaseoli and Bacillus sp. On the other 
hand, it appears that the increase of chlorophyll (SPAD) 
increased dry weight of leaves for PZG_A18, whereas in 
contrary the dry weight of the roots is increasend with 
PZS_S05.  The current state of our knowledge on this 
shrub does not know the mechanism involved, which 
seems not related to bacterial strains. It will be interesting 
to test these strains in field conditions and to measure 
their impact on the growth of associated millet. As 
recently shown by Diakhaté and collaborators (2016) P. 
reticulatum appears to promote greater diversity of 
microorganisms in the root zone of cereal millet. 
 
 
Conclusion  
 
P. reticulatum is an important shrub for soil fertilization. 
Thus knowledge of bacterial diversity and their impacts 
on growth and nitrogen status of this shrub could help 
make better use of P. reticulatum in the arid and semi-
arid zones of the Sahel. The results of this study revealed 
that the soil under the influence of P. reticulatum is 
associated with greater bacterial diversity, the extent of 
which varies depending on its area of origin (northern or 
southern Senegal). 

The methods  used  including  trapping  bacteria,  PCR- 
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Figure 4. Phylogenetic tree based on aligned sequences of 16S rRNA gene of Cohnella species. 
Phylogeny history was inferred using the neighbor-joining method. Only bootstrap probability values 
>70% (1000 replicates) are indicated at the branching points. Phylogenetic analyses were conducted 
in MEGA. 

 
 
 

RFLP and 16S rRNA gene sequencing efficiently 
demonstrated that P. reticulatum exerts an impact on the 
bacterial communities of the  soil.  The  strains  PZS_S05 

(Ensifer) and PZG_A18 (Cohnella) were able to improve 
P. reticulatum growth and increase chlorophyll content. 
These results pave the way for the use of the  endophytic  
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bacteria / P. reticulatum association to improve the 
growth of the shrub. 
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