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Abstract: We aim use in this study, endophytic bacteria isolated from inside the roots (IRC) and epicotyls (IEC) of carob (Ceratonia 
siliqua L.) plants collected from different Moroccan regions and previously screened by Rep-PCR. 30 IRC and 4 IEC strains selected on 
the basis of Rep-PCR representative groups and 8 carob symbiotic bacteria (RCM) were tested for their solubilizing activities and 
antibiotic resistance and analyzed by PCR-RLFP technique. 70 % and 50 % of carob associative bacteria and RCM strains respectively 
were solubilizing phosphate in culture media with P solubilization index (SI) ranged from 1,63 to 2,13 for IRC and IEC and from 1,25 to 
1,5 for RCM. Amplified ribosomal DNA analysis (ARDRA) of the isolates based on cleavage with four restriction enzymes yielded 25 
genotypes with IRC and 3 and 5 differents profiles respectively with IEC and RCM. Dendrogram based on upon UPGMA analysis of 
ARDRA patterns showed a wide genetic diversity and divided the strains into six clusters at 50 % of similarity level. Two clusters 
revealed relatedness with the rhizobial reference strains used and four others clusters which contain mainly associative endophytic 
bacteria were more heterogeneous and very distinct from all the other strains. 
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1. Introduction  
 
Rhizospheric, endophytic associative and endophytic 
symbiotic bacteria play an important role in the 
enhancement and retain of agricultural and forestry soils 
fertility. Called Promoting Growth Plants Bacteria (PGPB), 
endophytic associative bacteria may promote plant growth 
and development in terms of increase germination rates, 
biomass, leaf area, nitrogen content, chlorophyll content, 
hydraulic activity, roots and shoot length, yield and 
tolerance to abiotic stress like drought, flood and salinity [1]. 
Associative bacteria have directly or indirectly divers 
positive effect on their host plants. Directly, they contribute 
significantly in biological fixation and reduction of nitrogen 
molecular [2, 3], increase and influence phytohormone 
production such as auxins, gibberellins, ethylene, cytokinins 
and abscisic acid [4], increase the availability of selected 
soils minerals via solubilization of the nutrients such as 
phosphprus [5] and siderophores production [6]. Indirectly, 
they also support plant growth by improving growth-
restricting conditions either via biocontrol activities by 
production of antagonistic substances [7] or by inducing 
resistance against plant pathogens [8, 9] and systemic 
tolerance such as presence of toxic metals, drought, salt and 
extremes of temperature [10, 11, 12].  
 
The improvement of soil fertility is one of the most common 
strategies to increase agricultural yield. In addition to 
biological nitrogen fixation, phosphate solubilization is 
equally important [1, 13]. Phosphate is known to be the 
second most limiting compound for plant growth. Although, 
many of the soil is rich in phosphate but they are in insoluble 
form and cannot be utilized by plants or other soil organisms 
[12]. Use of these PGPB as environmental friendly 
biofertilizer helps to reduce the much excessive phosphatic 

fertilizers. A vast number of PGPB with phosphate 
solubilzing property have been rpported which included 
member belong to Rhizobium [14], Mesorhizobium, 
sinorhizobium [15], Bacillus [16], Pseudomonas [17], 
Burkhoderia [18, 19]. However, characterizing bacterial 
isolates on the base of biochemical and biological tests like 
phosphate solubilizing trait is not very enough to distinguish 
well between the different populations. DNA marker un-
affected by environmental and physiological factors, present 
a good tool for identification and speed analysis of the 
genetic diversity among bacterial population or collection.  
 
The use of molecular methods, such us restriction 
endonulease analysis of 16S rDNA amplified (ARDRA) has 
provided more information about genomic characterizations 
of the microorganisms. 16S rDNA genus conserved through 
the generation and formed by a stable regions and a variable 
regions [20, 21], is frequently used by several authors for 
genotypic characterization and diversity analysis of bacteria 
including associative bacteria [22, 23, 24]. Since, the 
molecular study using ARDRA marker for carob (Ceratonia 
siliqua L.) symbiotic or associative bacteria is un-available.  
 
Carob (Ceratonia siliqua L.) tree, leguminous belong to the 
Ceasalpinoideae subfamily, is natural native from most 
countries of the Mediterranean basin and from some world 
regions like Southwestern Asian, Australia, USA, Mexico 
and South Africa [25]. It was considerate by Martins-Loucâo 
and Rodriguez-Barrueco [26] to be no nodulate and unable 
to fix atmospheric nitrogen. But, in 1996 Bryan et al. 
detected, in vitro culture, the enzyme nitrogenase activity 
internal the carob roots and bourgeon. The symbiotic 
bacteria of carob plant (RCM) and natural associative 
bacteria were also reported respectively by Misbah et al. 
[27] and El-Refarey [28]. In this research we aim (i) to study 
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the phosphate solubilization activity and the resistance to 
antibiotic substances of carob associative bacteria isolated 
from roots (IRC) and epicotyls (IEC) and carob symbiotic 
bacteria described by Misbah et al. [27] and (ii) to use 
molecular marker ARDRA for genetic diversity analysis.  
 
2. Materials and methods  
 
2.1 Plant Material 
 
The seeds and soils sample were collected from eleven 
Moroccan localities. Scarification, sterilization and 
germination of seeds were carried out as described by konate 
et al. [29, 30]. On the base of Rep-PCR data, eight 
provenances were retained for this study: Aïn Safa, 
Demnate, Essaouira, Ouad Lou, Ouazzane, Sidi Bou 
Othmane, Taounate and Tetouan.  
 
2.2 Bacteria Material 
 
30 endophytic bacteria isolate from roots coded IRC (Isolate 
Root Carob) and 4 endophytic bacteria isolate from epicotyls 
coded IEC (Isolate Epicotyls Carob) representing the various 
Rep-PCR groups (data not showed) and also 8 strains 
nodulating carob (RCM) plant and previously described by 
Misbah et al. [27] were used. In addition, thirteen reference 
strains belong to the different genre Rhizobium, 
Mesorhizobium, Sinorhizobium, Bradyrhizobium and 
Agrobacterium were used.  
 
2.3 Biological Characters  
 
42 isolates of carob plants (34 associative and 8 symbiotic 
bacteria) were tested in vitro in the presence of iron of 
phosphate insoluble and antibiotic substances  
 
2.3.1 Solubilization of Phosphate Mineral 
Ability of mineral phosphate solubilizing of the associative 
(IRC and IEC) and symbiotic (RCM) bacteria was assayed 
on Pikovskaya agar [31]. The isolates bacteria were spotted 
onto agar medium containing inorganic phosphate composed 
by ((g.l-1)[ agar, 15; glucose, 10; phosphate bi-calcium, 5; 
yeast extract, 0,5; (NH2)2SO4, 0,5; KCl, 0,2; MgSO4, 7H2O, 
0,1], bromophenol blue, 4ml/l; MnSO4 and FeSO4 in trace; 
pH6,7) and incubated at 28°C for up to 7 days. The presence 
of halo zone around the bacterial colony was considered as 
indictor for positive mineral phosphate solubilization. 
Solubilization index (SI) was determined using following 
formula [32]: 

SI = (colony diameter + halo zone) / colony diameter 
2.3.2. Resistance to antibiotic substances 
This test was realized on YEM agar containing the following 
filter sterilized antibiotic at variable concentrations ranging 
from 10 to 100 µg.ml-1 (ampicillin, chloramphenicol, 
erythromycin, nalidixic acid, rifampicin, spectromycin, 
streptomycin and tetracycline).  
 
2.4 DNA extraction 
 
DNA extraction was carried by method of alkaline treatment 
according to De Bruij [33] protocol. 
 
 

2.5 Amplification of region 16S ribosomal DNA 
 
34 endophytic bacteria, 8 RCM and 13 reference strains, 
were used in this analysis. Purified template DNA of 60 ng 
was used by reaction. Amplification of 16S rDNA was 
performed in a total volume of 70 µl containing 7 µl of 10X 
reaction buffer (Promega), 11.8 mM MgCl2, 5ppm of each 
of the following primers: 41f 5’-
GCTCAGATTGAACGCTGGGG-3’ and 1488r 5’-
CGGTTACCTTGTTACGACTTCACC-3’ [21], 1.75 mM of 
dNTP, 4U of Taq DNA Polymerase (Promega). The reaction 
mixtures, after incubation at 95°C for 2 min, were cycled 
through the following temperature profile: 2 different cycles 
of the denaturation at 94°C for 40 s, annealing for 1 min, 
extension at 72°C for 2 min; the annealing temperature was 
60°C for the ten first cycles and 50°C for the last 25 cycles. 
The mixtures were then incubated at 72°C for 5 min. 10 µl 
of each PCR product was analyzed by agarose gel (1 % w/v) 
electrophoresis and the visualisation of band has been done 
with thidium bromide (10 mg/ml) under ultra-violet light.  
 
2.6 Amplified Ribosomal DNA Restriction analysis 
(ARDRA) 
 
Endonuclease restriction was carried out in 10 µl of PCR 
product with MspI, HinfI, HhaI and TaqI (Promega) as 
recommended by the manufactures. Digested products were 
resolved by electrophoresis in 2.4 % agarose gels in TBE at 
80 volts for 4 h.  
 
Clustering analysis based on restriction profiles was 
performed using the Gel Compar II. The Dice similarity 
coefficient and UPGMA clustering were also used. 
 
3. Results  
 
3.1 Solubilization of Phosphate Mineral 
 
A total of 34 associative isolated form roots (30 IRC) and 
epicotyls (4 IEC) and 8 symbiotic (RCM) isolates of carob 
(Ceratonia siliqua L) were analyzed for their ability to 
solubilize phosphate in vitro. The results showed that 70 % 
of carob associative bacteria and 50 % of RCM strains were 
positively solubilizing phosphate in culture media. However, 
the high frequency of the isolates able to solubilize 
phosphate was obtained with IRC strains. Four IRC (42, 53, 
61 and 73) isolates exhibited an efficient P solubiliging 
activity with P solubilization index (SI) ranged from 1,63 to 
1,70. The low P solubiliging activity was observed with 
RCM strains with SI ranged from 1,25 to 1,5 (Table 1).  
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Table 1: Test of phosphate solubilization by associative and symbiotic strains of carob
 

Isolate Origin of 
host plant Colony diameter (cm) Halo zone diameter +colony (cm) SI 

IRC1 Oued Laou - - - 
IRC6 Ouazzane - - - 
IRC7 Tétouan - - - 
IRC9 Taounate 0,9 1,2 1.33 
IRC11 Taounate 0,8 1 1.25 
IRC15 Tétouan - - - 
IRC18 Ouazzane - - - 
IRC19 Ouazzane 0,9 1,2 1.33 
IRC20 Tétouan 1,7 1,1 1.24 
IRC24 Taounate 0,9 1,2 1.33 
IRC27 Taounate 0,7 1 1.43 
IRC29 Ouazzane - - - 
IRC32 Ouazzane - - - 
IRC37 Taounate 0,8 1,1 1.38 
IRC42 Sidi Bou Othman 1,1 1,8 1.64 
IRC43 Tétouan 1,2 1,6 1.33 
IRC44 Essaouira 0,9 1,1 1.22 
IRC45 Essaouira 1,7 2,3 1.35 
IRC47 Tétouan 1,2 1,7 1.42 
IRC49 Aïn Safa 1 1,6 1.6 
IRC50 Aïn Safa 1,9 1,4 1.36 
IRC51 Aïn Safa - - - 
IRC53 Taounate 0,8 1,3 1.63 
IRC54 Demnate 1,1 1,7 1.55 
IRC56 Taounate 0,8 1,2 1.5 
IRC57 Taounate 1,2 1,7 1.42 
IRC58 Aïn Safa 1,1 1,7 1.55 
IRC61 Demnate 1 1,7 1.7 
IRC66 Ouazzane 1,6 2,2 1.36 
IRC73 Sidi Bou Othman 1,1 1,8 1.64 
IEC1 Sidi Bou Othman 1,2 1,4 1.17 
IEC4 Sidi Bou Othman 0,8 1,3 1.63 

IEC10 Essaouira 0,8 1,7 2.13 
IEC11 Sidi Bou Othman - - - 
RCM3 Oujda - - - 
RCM4 Oujda - - - 
RCM5 Oujda 1 1,5 1.5 
RCM7 Oujda - - - 
RCM9 Oujda 0,7 1 1.43 

RCM10 Oujda 1,1 1,4 1.27 
RCM11 Oujda 0,8 1 1.25 
RCM12 Oujda - - - 

 

 
Figure 1: Effect of antibiotic substances on the growth of carob strains 
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3.2 Resistance to antibiotic substances 
 
Strains were resistant to the concentration of 10 µl/ml of 
ampicillin, chloramphenicol, erythromycin, nalidixic acid, 
rifampicin, spectromycin and very sensitive to streptomycin 
and tetracycline. The same result was also observed with 
above 60 % of strains that exhibited a high resistance to 
concentration tested (50 µl/ml). The last two antibiotics 
(kanamycin and tetracycline) affected significantly the 
growth of the isolates. However, nalidixic acid has a slight 
inhibitory effect on the growth of the carob associative and 
symbiotic bacteria (Fig. 1).  
 

3.3 RFLP analysis of PCR-amplified 16S rDNA 
(ARDRA) 
 
We performed ARDRA technique to compare the 34 new 
endophytic carob bacteria to the 8 RCM strains previously 
described by Misbah et al. [27] and to the thirteen reference 
strains belonging to different genus of rhizobia and 
Agrobacterium. Nearly the full-length 16S rDNA region was 
amplified with universal primers 41f and 1488r (Fig. 2) 
 
 
 

 
Figure 2: Genomic profiles obtained par by amplified of 16S rDNA region of carob endophytic bacteria 100pb A. rh IRC1 

IRC29 IRC37 IRC47 R. ga IEC1 IEC4 IEC10 R. so RCM9 RCM10 B. ja 100pb 
 

 
Figure 3: Type of restriction patterns of PCR-amplified 16S rDNA restricted with Taq I obtained with IRC, RCM and 

reference strains (A.rh = Agro. rhizogenes; R. ga = R. gallicum; S. kostiens; B. ja = B. japonicum) used in this study 
 
The PCR products were individually restricted with the four 
endonucleases MspI, HinfI, HhaI and TaqI. Although; each 
digestion enzyme produced divers profiles and polymorphic 

banding patterns (Fig. 3). All enzymes yielded together 25 
genotypes with IRC, 3 and 5 different profiles respectively 
with IEC and RCM. 
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Figure 4: Dendrogram constructed with Dice similarity coefficient of GelCompar II on the basis of ARDRA patterns of 

selected carob endophytic bacteria (IEC and IRC), symbiotic bacteria 
 
RCM (Missbah et al. 1996) and reference strains.  
The clustering analysis of combined MspI, HinfI, HhaI and 
TaqI restriction patterns showed a wide diversity among 
endophytic strains isolated from roots and epicotyls (Fig. 4). 
The result showed six main clusters at a mean Dice 
similarity coefficient of 50%.  
 
Clusters 2, 4 and 6 contain only endophytes and RCM 
strains. Cluster 6 was formed by a large number of 
endophytic strains. In fact, this cluster was divided at 54% of 
similarity to two groups: the first group, formed mainly by 
IRC stains, one RCM strain and two IEC strains which were 
revealed identical by REP analysis, and the second group 
formed only by IRC strains which show more than 96% of 
similarity. Cluster 1 contains two strains IEC10 and IRC54 
which has 53% of similarity with Ag. Rhizogenes. Cluster 3 
is formed by rhizobial reference strains of Mesorhizobium 
and Sinorhizobium. Cluster 5 is divided at 54% of similarity 
in two groups: the first group which contain an epicotyls 
isolated strain: IEC11 ant two strains nodulating carob: 
RCM9 and RCM11 that were tightly related to reference 
strains of the genus Rhizobium. The second group contain 
only endophytic strains originating from roots.  
 
 
 
 

4. Discussion  
 
Biological test conducted in the presence of insoluble 
phosphate showed that associative bacteria isolated from 
roots (IRC) and epicotyls (IEC) of the carob tree (Ceratonia 
siliqua L.) exhibited a similar manner the ability to 
solubilize phosphate di-calcium in vitro. These endophytic 
bacteria are Gram negative and according Rashith et al. [34], 
Gram-negative strains are the most efficient in the 
solubilization of phosphate across the production of organics 
acids and the phosphatases enzymes. Solubilization index 
(SI) obtained in our study is consistent with the results 
reported for various rhizobacteria. It is 2.48 for Rhizobium 
leguminosarum bv Vicia, 1.41 Mesorhizobium ceceri, M. 
mediterraneun and Sinorhizobium meliloti [14, 15, 35], 2.15 
for Burkholderia [18] and 4,1 for Pseudomonas sp. [14]. 
 
For antibiotic test, the strains of carob tree exhibited a 
multiple antibiotic resistance. They were highly sensitive to 
tetracyclin and kanamicin and mostly resistant to nalidixic 
acid and moderately to the different concentrations tested of 
ampicillin, chloramphenicol, erythromycin, Nalidixic acid, 
spectinomycin and streptomycin (Fig. 2). The same result 
was described for many rhizobacteria. Various strains 
belonging to the genus Rhizobium and Burkholderia 
exhibited a multiple antibiotic resistance [35, 36]. 
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The technology based on DNA digestion by endonucleases 
results in pattern of bands, is called ARDRA and it offers the 
opportunity to review polymorphism in the analyzed DNA 
[37]. Selected endophytic bacteria and RCM strains 
compared by ARDRA analysis to each other and to thirteen 
reference strains were present in the all clusters, except 
cluster 3 (Fig. 4). These endophytes of Ceratonia siliqua 
plant were very heterogeneous and some of them were 
related to the rhizobial reference strains such as Rhizobium, 
Mesorhizobium, Sinorhizobium and Ag. Rhizogenes. The 
rhizobia strains that usually known to form nodule organ 
with legumes plants are recently reported to be as well as 
natural associative bacteria colonized wide range of host 
plants non-legumes. Here, we cited some natural associative 
rhizobia: Rhizobium leguminosarum bv. phaseoli, trifolii and 
viceae [3, 35, 38], Rhizobium sp. [14, 39], Bradyrhizobium 
japonicum [40], photosynthetic bradyrhizobia [41], 
Sinorhizobium meliloti [40], Azorhizobium caulinodans [42, 
43], Burkholderia brasilensis [44] nd Burkholderia cepacia 
([35].  
 
5. Conclusion  
 
The similarity of physiological, cultural, biological and 
molecular data between endophytes associations (IRC and 
IEC) and symbiotic (RCM) isolates of the carob (Ceratonia 
siliqua L.) tree confirms that these soil bacteria have the 
same host plant. On the other hand, these rhizobacteria 
(PGPB) promote the growth and development of their host, 
contribute significantly to the favorable installation of carob 
on poor soils and it resist face various abiotic stresses such 
as salinity, toxic metals, antibiotic substances, strong 
drought, ... 
 
6. Acknowledgments  
 
This work was realized in the Laboratory of Microbiology 
and Molecular Biology LMMB, Faculty of Sciences, Univ. 
Md V-Agdal, Rabat (Morocco). It was supported by the 
Moroccan project PROTARS I-P2T2/24 and by the IRD 
project No 01-2-MAR-28-1. 
 
References  

 
[1] Dudeja S.S. and Giri R. (2014). Beneficial properties, 

colonization, establishment and molecular diversity of 
endophytic bacteria in legume and non legume. Afr. J. 
Microbiol. Res. 8: 1562-1572. 

[2] Baldani, J. I., and Baldani V. L. D. (2005). History on 
the biological nitrogen fixation research in 
graminaceous plants: special emphasis on the Brazilian 
experience. An. Acad. Bras. Cienc. 77: 549- 579. 

[3] Yanni Y. G., Rizk R. Y., Corich V., Squartini A., Ninke 
K., Philip-Hollingsworth S., Orgambide G., De Buijn 
F., Stoltzfus R., Buckley D., Schmidt T., Mateos P. F., 
Ladha J. K., and Dazzo F. B. (1997). Natural 
endophytic association between Rhizobium 
leguminosarum bv. Trifolii and rice roots and 
assessment of its potential to promote rice growth. Plant 
Soil. 194: 99- 114. 

[4] Calvo P., Nelson L. and Klopper J.W. (2014). 
Agricultural use of plant biostimulants. Plant Soil. 383: 
3-41.  

[5] Rodriguez H., Fraga R., Gonzalez T. and Bashan Y. 
(2006). Genetics of phosphate solubilization and its 
potential applications for improving plant growth-
promoting bacteria. Plant Soil. 287: 15-21. 

[6] Catherine N.N., Vivienne N.M., Akio T. and Catherine 
W.M. (2012). Isolation and identification of endophytic 
bacteria of banana (Musa sp.) in Kenya and their 
potential as biofiertilizers for sustainable banana 
production. Afr. J. Microbiol. 6: 6414-6422.  

[7] Tilak K. V. B. R., Ranganayaki N., Pal K. K., de R., 
Saxena A. K., Nautiyal C. S., Mittal S., Tripathi A. K. 
and Johri B. N. (2005). Divesity of plant growth and 
soil health supporting bacteria. Curr. Sci. 89: 136-150. 

[8] Kebe I.B., Mpika J., N’Guessan K.F., Hebbar P.K., 
Samuels G.S. and Ake S. (2009). Isolement et 
identification de microorganisms indigenes de 
cacaoyères en Côte d’Ivoire et mise en evidence de 
leurs effets antanistes vis-vis de Phytosphtora 
palmivora, agent de la pourriture brune des cabosses. 
Sciences & Nature, 6 (1) : 71-82. 

[9] Ma L., Cao Y.H., Cheng M.H., Huang Y., Mo M.H., 
wang Y., Yang J.Z and Yang F.X. (2013). Phylogenetic 
diversity of bacterial endophytes of Panax notoginsens 
with antagonistic characteristics towards pathogens of 
root-rot disease complex. Antonie Van leeuwenhock. 
103: 299-312. 

[10] Kramer P.J. and Boyer J.S. (1997). Water relations of 
plants and soils. Elsevier, san Diogo. 

[11] Corovilla M.P., Berrido S.I., Ligero F. and Lluch C. 
(1999). Rhizobium strain effects on the growth and 
nitrogen assimilation in Pisum sativum and Vicia faba 
plant growth under salt stress. J. Plant Physiol. 154: 
127-131. 

[12] Jha P.N., Gupta G., Jha P and Methrotra R. (1012). 
Association of rhizospheric/endophytic bacteria with 
plants: a potential gateway to sustainable agriculture. 
Greener J. Agr. Sci. 3: 73-84. 

[13] Amutha D.K. and Singh S. (2014). Effect of soil NPK 
on symbiotic association of Glomus macrocarpum with 
Allium cepa. Inter. J. Sci. Res., 3: 324-327. 

[14] Afzal A. and Bano A. (2008). Rhizobium and phosphate 
solubilizing bacteria improve the yield and phosphorus 
uptake in wheat (Triticum aestivum). Int. J. Agri. Biol., 
10: 85-88.  

[15] Alikhani H.A., Saleh-Rastin1 N. and Antou H. (2006). 
Phosphate solubilization activity of rhizobia native to 
Iranian soils. Plant and Soil, 287, 35–41. 

[16] Rodriguez H. and Fraga R. (1999). Phosphate 
solubilizing bacteria and their role in plant growth 
promotion. Biotechnol. Adv. 17: 319-339. 

[17] Bardiya M.C. and Gaur A.C. (1974). Isolation and 
screening of microorganisms dissolving low 
rockphosphate. Folia Microbiol., 19: 386-389. 

[18] Piyush P., Kang S. C. and Maheshwari D. K. (2005). 
Isolation of endophitic plant growth-promoting 
Burkholderia sp MSSP. from root nodules of Mimosa 
pudica. Curr. Sci., 1: 89.  

[19] Tao G.C, Tian S.J., Cai M.Y and Xie G.H. (2008). 
Phosphate-solubilizing and-mineralizing abilities of 
bacteria isolates from soils. Pedosphere, 18: 515-523.  

[20] Vandamme P. B., Grillis P. D. V., Kersters K. and 
Swing J. (1996). Polyphasic taxonomy, a consensus 

Paper ID: SUB14350 478

http://creativecommons.org/licenses/by/4.0/�


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Impact Factor (2012): 3.358 

Volume 3 Issue 12, December 2014 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

approach to bacteria systematic. Microbiol. Rev. 60, 
407- 438. 

[21] Herrera-Cervera J. A., Caballero-Mellado J., Lageurre 
G., Hans-Volker T., requena N., Amarger N., martinez-
Romero E., Olivares J. and Sanjuan J. (1999). At least 
five rhizobial species nodulate Phaseolus vulgaris in a 
Spanish Soil. FEMS Microbiol. Ecolgy. 30: 87-97. 

[22] Cruz L. M., De Souza. E. M., Weber O. B., Baldani J. 
I., Döbereiner J. and Pedroso F. D. (2001). 16S 
Ribosomal DANN characterization of nitrogen-fixin 
bacteria isolated from Banana (Musa spp.) and 
Pineapple (Ananas comosus (L.) Merril). Appl. Environ. 
Microbiol. 67: 2375-2379.  

[23] Seghers D., Wittebolle L., Top E.M., Verstracte W. and 
Siciliano S.D. (2004). Impact of agricultural practices 
on the Zea mays L. endophytic community. Appl. Envir. 
Microbiol., 70: 1475-1482.  

[24] Elboutahiri N., Thami-Alami I., Zaïd E. and Udupa S.U. 
(2009). Genotypic characterization of indigenous 
Sinorhizobium meliloti and Rhizobium sullae by rep-
PCR, RAPD and ARDRA analyses. Afr J Biotechnol., 
8: 979-985. 

[25] Batlle I. and Tous J. (1997). Carob tree. Ceratonia 
siliqua L. Promoting the conservation and use of 
underutilized and neglected crops. 17. Institute of Plant 
Genetic and Crops Plant Research. 
Gatersleben/International Plant Resources Institute. 
Rome. Italy. 

[26] Martins-Loução M. A. and Rodríguez-Barrueco C. 
(1982). Studies in nitrogenase activity of carob 
(Ceratonia siliqua L.) callus cultures associated with 
Rhizobium. Pp. 671-672 in Proceedings V International 
Congress Plant Tissue Culture, Tokyo. 

[27] Misbah M. E. I., Aujjar N., Belabed A., Dessaux Y. and 
Filali-Maltouf A. (1996). Characterization of rhizobia 
isolated from carob (Ceratonia siliqua L.). J. App. 
Bacteriol. 80:165-173.  

[28] El-Refaey F., El-Dengawy A., Ahmed A., Hussein A. 
and Saad A.A. (2011). Improving growth and salinity 
tolerance of Carob seelings (Ceratonia siliqua L.) by 
Azospirillum inoculation. Am Euras. J. Agric. & 
Environ. Sci., 11: 371-384. 

[29] Konate I., Berraho E.B. and Filali-Maltouf A. (2009). 
Inter-Simple Sequence Repeat Markers Variation 
among Natural Accessions of Moroccan Carob Tree 
(Ceratonia siliqua L.), Inter. J. Agri. Biol., 11: 168-172. 

[30] Konate I., Koulibaly A., Koffi., Sorouri A., Berraho 
E.B. and Filali-Maltouf A. (2014). Phenotypic 
variations of endophytic bacteria associated with carob 
tree (Ceratonia siliqua L.). American J Life Sci., 2: 325-
332. 

[31] Pikovskaya R.I. (1948). Mobilization of phosphorus in 
soil connection with the vital activity of some microbial 
species. Microbiologiya, 17: 362–370. 

[32] Edi-Premono M., Moawad A. M. and Vlek P. L. G. 
(1996). Effect of phosphate-solubilizing Pseudomonas 
putida on the groth of maize and its survival in the 
rhizosphere. Indonesian J. Crop Sci. 11:13-23. 

[33] De Bruijn J. F. (1992). Use of repetive (Repetitive 
Extragenic Palindromic and Enterobacterial Repetitive 
Intergeneric Consensus) Sequences and the polymerase 
chain reaction to fingerprint the genomes of Rhizobium 

meliloti isolates and other soil bacteria. Appl. Environ. 
Microbiol, 2180-2187. 

[34] Rashid M., Khalil S., Ayub N., Alam S. and Latif F. 
(2004). Organic acids production and phosphate 
solubilization by phosphate solubilizing 
microorganisms (PSM) under in vitro conditions. Pak. 
J. Biotechnol. Sci. 7: 187-196. 

[35] Singh R.K., Malik N. and Singh S. (2013). Impact of 
rhizobial inoculation and nitrogen utilization in plant 
growth promotion of maize (Zea mays L.). Bioscience, 
5: 8-14. 

[36] Gillis M., Tran van T., Bardin R., Goor M., Herbar P., 
Willems A., Seger P., Kersters K., Heulin T. and 
Fernandez M. P. (1995). Polyphasic taxonomy in the 
genus Burkholderia leading to an emended description 
of the genus and preposition of Burkholderia 
vietnamiensis sp. nov., for N2-fixing isolates from rice 
in Vietnam. Int. J. Syst. Evol. Microbiol. 45: 274-289. 

[37] Reis J.F.B., Mendes J.C., Texeira K.R.S, and Reis V.M. 
(2002). Uso de ferramentas moleculares em estudos da 
diversidade de microrganismo do solo Planaltina, DF: 
Embrapa Cerrados, 51 : 1517-5111. 

[38] Chabot R., Antoun H., Kloepper J. W. and Beauchamp 
C. J. (1996). Root colonization of maize and lettuce by 
bioluminescent Rhizobium leguminosarum biovar 
phaseoli. Appl. Environ. Microbiol. 62: 2767-2772.  

[39] Alami, Y., Achouak W., Marol C., and Heulin T. 
(2000). Rhizosphere soil aggregation and plant growth 
promotion of Sunflowers by an exopolysaccharide-
producing Rhizobium sp. strain isolated from Sunflower 
roots. Appl. Environ. Microbiol. 66: 3393-3398. 

[40] Matiru V. N. and Dakora F. D. (2004). Potential use of 
rhizobial bacteria as promoter of plant growth for 
increased yield in landraces of African cereal crops. Afr. 
J. Biotech. 3: 1-7. 

[41] Chaintreuil C., Giraud E., Prin Y., Lorquin J., Bâ A., 
Gillis M., de Lajudie P. and Dreyfus B. (2000). 
Photosynthetic Bradyrhizobium are natural endophytes 
of the African wild rice, Oriza breviligulata. Appl. 
Environ. Microbiol. 66: 5437-5447. 

[42] Gough C., Galera C., Vasse J., Wesbter G., Cocking E. 
C. and Dénarié J. (1997a). Specific flavonoids promote 
intercellular root colonization of Arabidopsis thaliana 
by Azorhizobium caulinodans ORS571. Mol. Plant-
Microbe Interact. 10: 560-570. 

[43] O’Callaghan K. J., Davey M. R. and Cocking E. C. 
(1997). Xylem colonization of the legume Sesbania 
rostrata by Azorhizobium caulinodans. Pro. R. Soc. 
Lond. B. Sci. 246: 1821-1826. 

[44] Baldani V. L. D., Oliveira E., Balota E., Baldani J. I., 
Kirchhof G. and Döbereiner J. (1997b). Burkholderia 
brasilensis sp. nov., uma espécie de bacteria 
diazotrófica endofítica. An Acad Bras Cienc. 69: 116. 

 
Author Profile  
 
Dr Konate I.is Research-Professor in Agricultural and Forestry 
Microbiology, University Jean Lorougnon Guedé, Daloa, Côte 
d’Ivoire.  
 

Paper ID: SUB14350 479

http://creativecommons.org/licenses/by/4.0/�



