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Abstract: We aimed to characterize 83 endophytic bacteria isolated from roots (73 isolates coded IRC) and epicotyls (11 

isolates coded IEC) of young Carob (Ceratonia siliqua L.) seedlings. These seedlings were obtained from seeds collected in 

several regions in Morocco. 30 IRC and 4 IEC were selected on the basis of PCR-Pep for the further analyses. All the strains 

exhibited a wide tolerance to NaCl and 30 % tolerated well concentration up to 11 % NaCl. Strains showed also a wide tolerance 

to the variable pH. 60 % of strains grew well at pH4. Most of the strains were resistant to different antibiotics but were sensitive 

to kanamycin and tetracycline. The strains showed a resistance to heavy metals except mercury chloride that was toxic at a low 

concentration 50 µg.ml-1. According to their phenotypical features, the associative bacteria were very similar to eight symbiotic 

bacteria previously identified by Missbah in 1996 and used in this work. 
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1. Introduction 

In managed ecosystems, plant-associated bacteria play a 

key role in host adaptation to a changing environment [1, 2, 

3]. Microbial endophytic species are present in a wide range 

of plant species and reside either within cells, in the 

intercellular space or in the vascular system of plant [4]. 

The term endophyte was defined by De Bary [5] cited by 

Stone [6] and refers to mycotic flora that inhabits the interior 

of plant tissues. This term was then applied to bacteria and 

was the subject of several conceptual definitions [7]. In 

general, this term includes all microorganisms that are able to 

colonize, during some portion of their life cycle, the inner 

tissues of plants without causing any apparent damage to the 

host [8]. 

Interaction between plant and beneficial bacteria can have 

a profound effect on crop health and yield [3]. Bacteria 

known as Plant Growth-Promoting Rhizobacteria (PGPR) [9] 

that colonize root, can enhance shoot emergence and 

stimulate plant growth through production of auxins, 

gibberellins and cytokinins [10], induce plant defense 

mechanisms, produce antibiotic, out-compete pathogens and 

improve soil structure [11-13, 14]. 

The faculty to infect and colonize roots has been considered 

the major factor that determine inoculum efficacy both for 

crop yield enhancement and for disease control [15]. Root 

colonization by endophytic bacteria occurs preferentially 

through the natural fissures resulting from the emergence of 

lateral root like lateral root cracks (LRCs) or on the root 

surface and root tips [16]. 

The flavonoids (naringenin and daizein) were found to 

stimulate significantly the LRC colonization of Wheat and 

Arabidopsis thaliana by Azorhizobium caulinodans ORS571, 

by Azospirillum and by Herbaspirillum [16, 17]. Inside the 

plant tissues, bacteria form a large intercellular infection 

pockets in which the endophyte divide, develop infection 

threads and interchange with host [18]. 

The potential of PGPR to fix atmospheric nitrogen and 

promote plant growth has renewed the interest in such 

associations. Patriquin et al. [19] demonstrated hormonal 

effects, biological nitrogen fixation and interference in other 

processes of the nitrogen assimilation of some bacteria 

associated with plants. For several uninoculated soil grown 

Gramineae, 15N-enriched tracer studies have shown that 
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microbial communities can fix substantial amounts of 

atmospheric N2 [20, 21]. The activity of the enzyme 

Nitrogenase was detected, in vitro culture, inside the Carob 

roots and bourgeons [22]. The identification of diazotrophic 

bacteria responsible for N-gain is important for agricultural 

applications well as for understanding ecosystem processes 

[23, 24]. Non-rhizobial endophytic diazotrophs like Azoarcus 

spp., Gluconacetobacter diazotrophicus, Herbaspirillum spp. 

and Burkholderia spp. have been isolated respectively from 

kallar grass, sugarcane, rice and vine [25, 26, 27]. Recently, 

several researches demonstrated other behaviour of symbiotic 

rhizobia such as natural endophytes that can colonize interior 

tissues and increase the productivity of many leguminous or 

non-leguminous plants [28-32, 33, 34]. In Côte d’Ivoire, first 

producer of cocoa to the world, cultivation practices increase 

cocoa farms degradation [35] and cocoa diseases. Indigenous 

microorganisms of cocoa tree were identified as well as 

antagonist against Phytosphthora sp, the causal agent of 

black pod disease [36]. 

Carob (Ceratonia siliqua L.) is an endemic leguminous tree 

of the Mediterranean region [37, 38]. It presents a great 

industrial and pharmaceutical importance [39, 40, 41]. 

Actually, Carob tree gain much attention since it is 

considered as an important component for re-vegetation and 

environmental conservation [39, 42]. 

In a previous investigation, we have observed from sterile 

sectioned parts of young seedlings used in vitro culture, the 

emergence of some bacterial strains. We were curious to 

know if endophytic bacteria can reside in internal tissues of 

Carob. In our knowledge, no investigation has concerned the 

finding of endophytic bacteria associated with Carob tree. 

Thus, the aims of the present work are: (i) to isolate 

endophytic bacteria from vegetative organs of Carob 

originating from seeds collected in different regions of 

Morocco; (ii) to characterize representative’s strains by 

phenotypic features selected on the basis of PCR-Pep. 

2. Material and Methods 

2.1. Plant Material 

The seeds used in this work were obtained from pods 

collected from 11 regions of Morocco: Taourirt, Al Houceima, 

Taounate, Aïn Safa, Akchort, Demnate, Ouazzane, Sidi Bou 

Othmane, Essaouira, Tetouan and Ouad Lou. Each collection 

of seeds was referred to its original region as a separate 

accession. Soil sample were also collected in each region. 

Seeds were scarified by H2SO4 at 95%. After the 

germination of seeds on sterile water agar (0.7% w/v), plates 

were incubated at 28°C in obscurity. The young seedlings 

were transferred in pots containing soil of the same origin then 

placed in a growth chamber.  

2.2. Isolation of Endophytic Bacteria 

After six months of cultivation (Figure 1 a), roots and 

epicotyls of young Carob seedlings were used for bacterial 

isolation.  

 

Figure 1. Carob seedlings in cultivation (a). roots of young Carob tree, (b) 

filament and finger (rectangle) forms. 

2.2.1. Isolation from Roots 

The roots of Carob tree were not uniform. We have found 

filament and finger forms (Figure 1 b). Finger forms of roots, 

was washed several times with sterile water, sterilized with 

0.1% HgCl2 for 5min under vigorous shaking, and washed 

thoroughly with sterile water and then ground with 1mL of 

pure water. The mixed tissue (0.5 mL) was spotted on YEM 

medium [43] and incubated at 28°C. 

2.2.2. Isolation from Epicotyls 

Epicotyls were successively treated with SDS (0.01%) for 2 

h, with HgCl2 (0.2%) for 10min then washed with sterile 

water. Epicotyls portions of 0.5 cm to 1 cm were sectioned, 

transferred on sterile water agar plates (0.7% w/v) then 

incubated at 28°C. 

2.3. Phenotypic Features 

30 IRC and 4 IEC strains representing the various PCR-Rep 

groups and also 8 strains nodulating Carob (RCM) previously 

identified by Missbah et al. [44] were used to realize further 

analyses. 

All tests were carried out on YEM agar plates. Petri dishes 

containing YEM medium were subdivided into squares and 

each square was inoculated with 10µl of YEM broth bacterial 

culture. After 7 days of incubation at 28°C, bacterial growth 

was compared to the controls. Two replication tests were done 

for each treatment. 

2.3.1. Salt Tolerance 

It was conducted on agar plates at variable concentrations 

ranging from 1 to 12% NaCl (w/v). 

2.3.2. pH Resistance 

Tolerance to pH was tested on YEM plates set at different 

pH values, using the buffers MES (20mM) (SIGMA) for pHs 

ranging between 5.5 and 6.7, and MOPS (20 mM) (SIGMA) 

for pHs ranging between 6.7 and 7.9. The medium was 

buffered with HCl for pH values lower than 5.5 and with 

NaOH for pH values between 8 and 10. 

2.3.3. Antibiotics Tolerance 

The intrinsic resistance of strains was determined on solid 

YEM medium containing the following filter sterilized 

antibiotics: ampicillin, chloramphenicol, erythromycin, 

kanamycin, nalidixic acid, rifampicin, spectinomycin, 

streptomycin and tetracycline at variable concentrations 

ranging from 10 to 100 µgml-1. 
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2.3.4. Heavy Metal Resistance 

The resistance of strains to heavy metals was also 

determined on solid YEM medium. The stock solutions of 

metals were filter-sterilized and added to sterile agar as 

follows concentrations: CdCl2, 10-50 µg/ml; AlCl3, 400-500 

µg/ml; HgCl2, 50-100 µg/ml; MnCl2, 500-600 µg/ml and 

ZnCl2, 50-100 µg/ml. 

3. Results 

3.1. Root and Epicotyls Endophytic Bacteria 

The isolation of endophytic bacteria from the vegetative 

organs of Carob seedlings harvested after six months of 

culture, in occurrence from roots and epicotyls, was very 

successful. However, the presence of bacteria in the two 

organs was not found with plants of all accessions, for 

instance: Taourirt and al-Houceima (Table 1). Strains isolated 

from roots were coded as IRC (Isolates Root Carob) and 

similarly strains isolated from epicotyls were coded IEC 

(Isolates Epicotyle Carob). 

A total of 73 endophytic bacteria were isolated from roots 

(IRC) and were obtained from 9 accessions. The high numbers 

of these endophytes were obtained from Taounate accession 

with 26% of isolates and from Ouazane accession with 20.5% 

of isolates. The lowest number was recorded from Akchort 

accession with 1.4% of isolates. 

11 endophytic bacteria were isolated from epicotyls and 

were obtained with plants originating from 3 accessions. More 

than 50% of isolates were obtained from Sidi Bou Othaman 

accession while 9.1% were native to Essaouira (Table 1). 

Table 1. Percentage of endophytic bacteria isolated from roots and epicotyls of Carob seedlings originating from different regions of Morocco. 

Accession  Accession origin Presence of endophytic bacteria (+) or (-) Type of organ % of IRC % of IEC 

1 Taourirt - - - - 

2 Al Houceima - - - - 

3 Taounate + 
Roots 

Epicotyls 
26 36.4 

4 Aïn Safa + Roots 5.5 0 

5 Akchort + Roots 1.4 0 

6 Demnate + Roots 9.6 0 

7 Ouazane + Roots 20.5 0 

8 Sidi Bou Othmane + 
Roots 

Epicotyls 
4.1 54.5 

9 Essaouira + 
Roots 

Epicotyls 
4.1 9.1 

10 Tétouan + Roots 16.4 0 

11 Ouad Laou + Roots 12.4 0 

Total 11 73 from roots 11 from epicotyls   100 100 

 

The dendrogram (PCR-Rep) constructed on pair-wise 

comparison of Rep fingerprints of all IRC, IEC and RCM 

strains, showed a high diversity (data not shown). In fact, we 

obtained 8 clusters and 18 independent lineages above 85 % of 

similarity level. The results allowed us to identify the exact 

number of strains in our collection. We obtained 65 different 

strains for root endophytes and only 3 strains for epicotyls 

endophytes. 30 IRC and 4 IEC strains representing the various 

groups were selected for the further analyses. 

3.2. Phenotypic Features 

42 strains originating from Carob, the 34 endophytic 

bacteria (30 IRC and 4 IEC) selected on the basis of Rep 

analysis and the 8 symbiotic bacteria RCM, were used in four 

phenotypic tests. 

 

Figure 2. Tolerance of Carob strains to different concentrations of NaCl. 

Salt tolerance: Figure 2 shows that all the strains exhibited 

a clear tolerance to the salt tested. More than 90 % of strains 

grew well from 1 to 3 % NaCl. At higher concentration, the 

percentage of tolerant strains decreased. However, more than 

60% were tolerant to 5 % NaCl and about 30 % were tolerant 

to 11 % NaCl. 

 

Figure 3. Tolerance of Carob strains to different pH. 

pH tolerance: All the tested bacteria were uniformly 

tolerant to the variable pH tested (Figure 3). 90 % of strains 

grew well in slightly acid and acid pH. 60 % of strains were 

acid-tolerant exhibiting a marked tolerance at pH 4. However, 

at pH 3, most the strains were sensitive. In alkaline pH, strains 

were widely tolerant. 

Antibiotics resistance: More than 60 % of strains exhibited a 
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high resistance to the concentration of 10 µl/ml of ampicillin, 

chloramphenicol, erythromycin, nalidixic-acid, spectinomycin 

and streptomycin while a lower percentage was recorded with 

kanamycin and tetracycline. This result was highly observed 

with the other concentrations tested (50 and 100 µg/mL). The 

latest two antibiotics have significantly affected the growth of 

the bacteria. However, nalidixic acid produce a slight inhibitory 

effect on the growth of the different strains (Table 2). 

Table 2. Effect of different antibiotics on growth of Carob endophytic bacteria and RCM strains. 

Souche 
Strep Spect Amp Rif Kan Chlo Ac. Nal Ery Tet 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

IRC1 + + + + + + - - - + + - + + - + + + + + + - - - - - - 

IRC6 + + + + + + + + + + + + + + + + + + + + + - - - - - - 

IRC7 + + + + + + + + + + + + + - - + + + + + + + + + - - - 

IRC9 + + + + + - + + + + + + + + + + + + + + + + + + - - - 

IRC11 + + + + + + + + + + + + + + - + + + + + + + + + - - - 

IRC15 + + + + + + + + - + + + + - - + + + + + + + + + - - - 

IRC18 + + - + + + + + + + + + - - - + + + + + + + + + + - - 

IRC19 + + + + + + + + + + + + + + - + + + + + + + + + - - - 

IRC20 + + + + + + + - - + + + + - - + + + + + + + + + - - - 

IRC24 + - - + + + - - - - - - + - - + + - + - - - - - + - - 

IRC27 + + - + + + + + + - - - - - - + + - - - - - - - + - - 

IRC29 + - - + + + + + + + - - - - - + + - + + + - - - + + - 

IRC32 + - - + - - + + + - - - - - - - - - - - - - - - - - - 

IRC37 + + + + + + + + + + + + + + - + + + + + + + + + - - - 

IRC42 - - - - - - - - - - - - - - - - - - - - - - - - - - - 

IRC43 - - - + + + - - - - - - - - - - - - - - - - - - - - - 

IRC44 + + + + + + + + + - - - + - - + + - + + - - - - + + + 

IRC45 - - - + - - - - - + + + - - - + - - - - - - - - - - - 

IRC47 - - - + - - + - - - - - - - - - - - - - - - - - - - - 

IRC49 + + - + - - + + + + + + + - - + + + + + + + + + + + - 

IRC50 - - - + + + - - - - - - - - - + - - - - - - - - + - - 

IRC51 + - - + - - + + + + + + + - - + + + + + + + + + + + - 

IRC53 + + + + + + + + + + + + + + + + + + + + + + + + + + + 

IRC54 + + + + + + + + + + + + + + + + - - + + + + - - + - - 

IRC56 + + + + + + + + + + + + + + - + + + + + + + + + - - - 

IRC57 + + + + - - + - - - - - + - - + + + + - - + + + - - - 

IRC58 + - - + - - + + - - - - - - - - - - - - - - - - - - - 

IRC61 - - - + - - - - - - - - - - - - - - - - - - - - - - - 

IRC66 - - - + - - + - - + + - - - - - - - + + + - - - - - - 

IRC73 - - - + - - - - - - - - - - - + + + + + + + - - - - - 

IEC1 + + + + + + + + + + + - + + + + + + + + + + + + - - - 

IEC4 + + + + + + + + + + + + + + - + + + + + + + + + - - - 

IEC10 - - - - - - - - - - - - - - - + - - + + - - - - - - - 

IEC11 + + + + + + + + - + + + + + - + + + + + + + + + - - - 

RCM3 + - - + + + + + + + + + - - - + + + + + + + + + + - - 

RCM4 + + - + + + + + + + + + - - - + + + + + + + + + + - - 

RCM5 - - - - - - - - - - - - - - - + + - - - - + + + - - - 

RCM7 + + - + + + + + + + + + - - - + + + + + + + + + + + - 

RCM9 + + + + + + + + + + + + + + + + + + + + + + + + - - - 

RCM10 - - - - - - - - - + + + - - - - - - + - - - - - - - - 

RCM11 + + + + + + + + + + + + + + + + + + + + + - - - - - - 

RCM12 + + - + - - - - - + + + + + - + + + + + + + + + - - - 

1: correspond to 10µg/ml. 2: correspond to 50µg/ml. 3: correspond to 100µg/ml. (+): resistance. (-): sensible 

 

Figure 4. Effect of heavy metals on the growth of Carob associative bacteria. 

Heavy metal resistance: The Carob associated bacteria 

showed a wide resistance to heavy metals tested (Figure 4). 

Except for a few number (18 %), all the strains were sensitive to 

mercury chloride. The others metals (cadmium, cobalt, 

aluminium, manganese and zinc), were less toxic on the growth 

of bacteria even at a higher concentration of 500 µg/ml. 

Manganese is the least toxic metal because even at very high 

concentrations, the growth of the strains were not affected. The 

aluminum concentration of 500 µg/ml inhibited half of the 

strains. For cobalt and zinc, more than 60 % of strains were 

resistant to a concentration of 100 µg/ml. For cadmium, 65 % of 

strains were resistant to a concentration of 50 µg/ml and the half 
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of the strains to 100 µg/ml. 

4. Discussion 

The present study demonstrates clearly that associative 

endophytic bacteria can reside in the internal tissues of the 

vegetative organs, in occurrence epicotyls and roots of Carob 

without inducing any obvious symptoms. Plants grown in 

natural soil eventually develop a continuum associative 

relationship with living microorganisms that can extend from 

the rhizosphere to the rhizoplane, deeply into the epidermis, 

the endodermis and through the vascular system [25, 34]. The 

endophytic habitat has been reported as an important pool for 

the isolation of N-fixing plant growth-promoting rhizobacteria 

[45]. The plant naturally select endophytes that can fit 

competitively to occupy compatible niches within its 

nutritionally-enriched and protected habitat of its internal 

tissues without causing pathological symptoms on the host 

plant [46]. 

Several authors reported the capacity of different bacteria to 

infect and colonize roots, stems, leaves or the system vascular 

of a wide range of monocotyledons and dicotyledons. In fact, 

many plants such as Saccharum officinarum [20, 47], 

Sorghum bicolor L. [48], Triticum aestivum [33, 49], Oryza 

sativa L. [33, 34, 50, 51], Zea mays L. [28, 52], Gossypium sp. 

[53, 54], Vitis vinifera [25, 55], Lactuca sativa [28], Picea 

-abies [56], Coffea arabica [57], Helianthus petiolaris [11], 

Musa spp. and Ananas comosus L. [58] are successively 

reported to establish beneficial association with different type 

of endophytic bacteria. This could strongly contribute to 

increase productivity and reduce disease in the agricultural 

practices in regard to the potential of these bacteria concerning 

their reaction to mineral concentration and antibiotics.  

Roots and epicotyls endophytes were found with all plant 

accessions, except Al Houceima and Taourirt. A total of 73 

endophytic bacteria was isolated. Most of the isolates 

originated from roots especially from Taounate and Oauzane 

accessions. However, 11 endophytic bacteria were isolated 

from epicotyls and were obtained only from three accessions. 

In Vietnam, 561 endophytic bacteria were isolated from stems 

and roots of 70 Rice plants [51]. 

PCR-Rep allowed us to determine the exact number of the 

different endophytes in the collection. Root endophytes 

showed to be more diverse than expected with a number of 65 

strains while, epicotyls endophytes were represented by 3 

distinct strains. 

34 rep-based selected strains, for instance IEC and IRC, and 

8 RCM strains were subject of three physiologic tests. 

Morphologically, Carob endophytic bacteria were found to be 

Gram-negative, non-spore-forming, motile and rods. The 

optimum temperature was 28 - 30°C. The colonies were 

circular, convex, smooth, raised, and mucilaginous, usually 2 

– 4 mm in diameter within 3 – 5 on YEM medium. Strains 

exhibited a wide tolerance to salinity (NaCl). 15 % of strains 

showed a great osmotolerance since they were able to grow in 

12 % NaCl. It was reported that Bacillus endophyticus sp. 

isolated from the internal tissues of cotton plants (Gossypium 

sp.) presented an optimum growth in the presence of 10 % 

NaCl [54]. Rhizobia isolated from woody legumes like 

Hedysarum, Acacia, Prosopis and Leucaena can also tolerate 

high NaCl concentrations up to 500 and 800mM NaCl [59]. A 

strong salt tolerance was reported to aid in tolerance to high 

pH and temperature [60]. Many species of rhizobia were 

reported to develop adaptation to salinity stress by 

intracellular accumulation of compatible solute [61]. Salt 

tolerance strains can give them advantages to survive, 

multiply in saline soil and efficiency infect their host plants. 

Strains were uniformly tolerant to high pH. At low pH, 60 % 

of strains exhibited an acid-tolerant character since they grew 

well at pH 4. Some physiological studies showed that 

Gluconacetobacter diazotrophicus, endophyte of sugarcane, 

grew well at pH 5.5 and was able to grow at pH 3.0 and even to 

fix nitrogen in a culture medium at pH 2.5 [62]. Spirillum 

lipoferum, endophyte of Digitaria, has an optimum growth 

and Nitrogen fixing capacity at pH 6.8 to 7.8 [63]. Various 

rhizobial strains such as R. tropici, R. leguminosarum bv. 

trifolii and Mesorhizobium loti, were described as 

acid-tolerant and presented a good growth at pH 4 [64, 65, 66].  

Strains were highly sensitive to tetracyclin and to 

kanamicin. But they were mostly resistant to nalidixic acid. 

They showed, however, a similar character in their resistance 

to the different concentrations tested of ampicillin, 

chloramphenicol, erythromycin, Nalidixic acid, 

spectinomycin and streptomycin. This result, indicate that 

strains exhibited a multiple antibiotic resistance. The same 

result was described for many rhizobacteria. Various strains 

belonging to the genus Burkholderia such as B. vietnamiensis 

isolated from rice exhibited a multiple antibiotic resistance 

[26]. Schwinghamer [67] and Cole et al. [68] has described 

several strains of Rhizobium sp., resistants to several 

antibiotics. The rhizobia isolated from root-nodule of Cicer 

arietinum grew well in presence of 9 different antibiotics [66].  

The level of heavy metal resistance exhibited by Carob 

associative bacteria, appears relatively high compared to what 

we know in general on rhizobia. Their resistance to metals is 

very similar to the behavior of rhizobium strains nodulating 

Acacia sp. [69], and slightly different from that exhibited by 

strains of rhizobia isolated from Cicer arietinum (64). In 

general, compared to various species of rhizobia, the 

endophytic bacteria from roots and epicotyls of Carob as well 

as those of the RCM collection exhibited good tolerance to 

heavy metals. This feature can be exploited later in the 

bioremediation trials aimed at improving the quality of soil 

contaminated with heavy metals sites. 

5. Conclusion 

We clearly demonstrate that rhizobacteria possess the 

faculty that allow them to be associate efficiently as natural 

endophytes with Carob tree (Ceratonia siliqua L.). So, our 

study, confirm the result obtained by Bryan et al. [22] who 

observed the enzyme Nitrogen-fixing activities in Carob roots 

and bourgeons internal for in vitro culture. Under laboratory 

conditions, the direct isolation of associative endophytic 
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bacteria, from vegetative organs of Carob, was successfully 

positive. 73 and 11 isolates were respectively recovered from 

roots and epicotyls of plants originating from eleven different 

regions of Morocco. Rep analysis showed a high level of 

diversity. The strains selected by Rep marker grew well in 

YEM alkaline medium and were also acid-tolerant. They were 

mostly osmotolerant and exhibited a multiple antibiotic and 

heavy metal resistances. These results could serve as a 

reference for future ecosystems management. 
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