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 In order to promote the Medicago sativa culture in areas with difficult environmental 
constraints, the inoculation of the plants by adapted and compatible rhizobial strains 

constitutes an effective way to enhance biologically agricultural production and the 

soils fertility. In this context, strains of sinorhizobium native of northesatern Algeria 
soils were caracterized phenotypically. To include bioclimatic and edaphic variability, 

the strains were isolated by trapping from root nodules of Medicago sativa grown on 

soils of four different geographical sites. The aim of this work is to establish a strains 
collection specific to Medicago sativa, to study their capacity to grow and to survive 

under different abiotic stresses then to select the most efficient strains able to resist to 
the most unfavorable constraint of the environment. After the results of 

cytomorphological tests, distinctive tests and nodulation test on the original host plant, 

a collection of 85 sinorhizobium strains was constituted and subjected to biochemical 
test and at different stresses: salinity, pH, temperature and antibiotics. The search for 

specific enzymes (biochemical test), necessary for symbiotic relation, showed that all 

the strains are provided of catalase, nitrate reductase and urease. Under the abiotic 
factor variations effect, the results revealed that tolerance limits depend on strains and 

their geographical origins. Their growth profiles in the range between 1% and 10%  

NaCl showed that about 54% of the total isolates were tolerant to 3% of NaCl of which 

5 strains were able to survive up to 10% NaCl. For their tolerance to pH, the strains 

exhibited a wide diversity in the range between pH 3,5 and pH10. The maximum 

growth rates were between pH 6 and pH 8. Concerning resistance profiles to 
temperature changes, the high growth rates were between 28°C and 35°C while highly 

thermoresistant strains were between 40 and 45°C. For antibiotics, almost the majority 

of the strains were sensitive to Ampicillin and to Gentamycin. The highest resistance 
profile was observed in the presence of Rifampin followed by Tetracycline then 

Chloramphenicol. The combined analysis of these phenotypic characteristics allowed us 

to identify high-performing strains presenting heterogeneity sufficient to allow us to 
select strains adapted to highly variable environmental conditions. 
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INTRODUCTION 

 

The aridity of soil and climate are the major constraints that significantly limit plant productivity on 40% of 

the earth's surface especially in Mediterranean regions [26]. Actually, these factors that combined with a strong 

multiform anthropic pressure are the major cause of the destruction of vegetation cover and a significant erosion 

of the biodiversity on a planetary scale. Thus, the ecosystem assessment has shown that the species extinction 

rate has significantly increased since the early industrial era [47, 51]. Such a loss of the biodiversity, it leads to 

ecosystems destabilization and biological processes modification [4]; consequently, a loss or a decrease in the 

density and activity of the microbial soil appears followed by a loss of the soil fertility that result from 

impoverishment in the organic matter and combined nitrogen, which is one of the most essential nutrients for 

plant live and the limiting factor for their growth and development [16]. 
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In order to establish the fertility of degraded soils, attention is focused on biological nitrogen fixation in 

recent years because it substitutes inorganic fertilizer and is environmental friendly farm inputs essential for 

poor resource farmers [35]. Installation of legumes would be one of the sustainable solutions and the most 

promising. These species are more effective to bring biologically molecular nitrogen in the soil in its organic 

form because they have ability to fix atmospheric nitrogen by symbiotically interaction with soil bacteria of the 

Rhizobium genus [43, 28], and they deposit significant amounts of nitrogen in the soil during growth [76]. 

Legume-Rhizobium symbiosis may provide nitrogen easy and inexpensive manner to enhance soil fertility and 

promote agricultural production [61]. Thereby, they allow reducing inputs of nitrogen chemical fertilizers 

sparing thus a large part of fossil fuels and contribute to the development of a sustainable and respectful 

agriculture of the environment. The symbiotic Rhizobia-legume system is the major contributor of biologically 

fixed nitrogen as compared with non-symbiotic nitrogen-fixing bacteria [68]. Its contribution was estimated at 

1.44 × 108 metric tons of nitrogen per year globally [45, 60]. 

Soil microorganisms specifically bacteria called rhizobia are able to colonise the rhizosphere, infect legume 

roots and biologically fix nitrogen in the soil through symbiotic process [52,25] and they are responsible for 

almost 30% of the annual nitrogen fixation [14, 24]. Inside the root nodules, microsymbionts convert 

atmospheric nitrogen into ammonium, an organic form they exchange with the plant against photosynthates 

[71]. 

The leguminous plants are an important family of the angiosperms. Undoubtedly, their association with 

atmospheric nitrogen fixing bacteria enabling them to have growth even on the soils deficient in nitrogen would 

be the major factor in the origin of their great success among all plants [57]. In Algeria, ovin and bovin rearing 

development poses an important socio-economic problem; indeed, the animal feed more often of poor quality 

does not cover the ruminants’ protein and energetic needs. In order to ensure an adequate feed for this livestock, 

it is fundamental to develop forage crops especially leguminous, that are privileged in the context of a 

sustainable agriculture, to introduce them in natural grasslands, in lands unsuitable for cereals or to replace 

unproductive fallow. Many of these species have an important and a wide agricultural and environmental 

application. Medicago sativa or alfalfa is a perennial legume resistant to overgrazing. By its deep root system, it 

also resists drought, improves soil structure, protects against erosion and limits nitrate losses through leaching 

[48, 11]. Alfalfa crop provides the major biological source of fixed nitrogen in the agricultural soils and builds 

up nitrogen reserves in topsoil [58].  Besides this ecological interest, Medicago sativa is the choice species to 

promote in the current agricultural context prohibiting animal meal. Indeed, it plays an important socio-

economic role for ensuring an adapted feed responding to ovin and bovin’s qualitative and qualitative needs. It 

is able to produce the high yields of the high-quality of forage with the high quality of protein and a variety of 

vitamins, minerals and even the biologically active molecules [12, 42, 27]. It is also a plant with many medicinal 

properties [74, 9, 3, 31]. 

Alfalfa may be naturally nodulated by bacteria of the genus Sinorhizobium which is in its rhizosphere. 

However, the natural process is affected by several abiotic constraints such as temperature changes, soil acidity, 

water stress and salinity which were often shown as the principal factors in determining the rhizobia diversity 

[53, 2]. It may reduce symbiotic efficiency [19, 10, 14] and negatively affect Medicago sativa production by 

acting on the survival and persistence of the strains saprophytic state [5, 18] or by influencing nitrogen fixing 

activity after the establishment of the symbiosis [44]. Under these conditions, the use of the Rhizobial strains 

may be an approach to improve the plant productivity in symbiosis [41]; therefore, the inoculation of culture 

with adequate Rhizobium, well adapted to harsh environmental conditions, becomes imperatively necessary 

[19]. 

The aim of this study is to isolate and to collect indigenous Sinorhizobium meliloti strains from different 

geographical areas in Northestern Algeria, to analysis their performance under some environmental constraints 

then to select strains for their high resistance profile. 

The relationship between the phenotypic diversity and some soil properties were also evaluated.   

 

MATERIAL AND METHODS 

 

Study areas characteristics: 

 

Soil samples used for trapping Rhizobia were collected from different sites located in four geographic areas 

in northeastern Algeria (Figure 1): Chatt (7°51′31″ East, 36°49′49″ North), El-Hadjar (7°43′60″ East, 36°48′0″ 

North), Heliopolis (7°27′0″ East, 36°30′0″ North) and Fetzara (7°29′11″ East, 36°47′33″ North).  These soils are 

different in their physical and chemical characteristics, the preceding crop or the predominant flora and the 

bioclimatic Characteristics (Table 1, Figure 1).  
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Fig. 1: Geographic location map and temperature of areas where the soil samples were collected 

 
Table 1: Soils and areas characteristics used in this study 

Site Altitude 

(m) 

Bioclimatic 

Floor 

pH 

water 

pH 

Kcl 

EC* 

   (mS/cm) 

Texture Organic  

 Matter (%) 

Preceding crop or 

predominant 

flora  

Chatt 

El-Hadjar 

Heliopolis 
Fetzara 

6m 

10m 

224m 

11m 

Subhumid 

Subhumid 

Semi-arid 

Subhumid 

7.22 

6.22 

6.35 

7.01 

6.94 

5.94 

6.03 

6.31 

2.09 

0.17 

0.09 

3.20 

Loamy-clay 

Clay-loamy 

Clay-loamy 

Loamy-clay 

2.11 

1.58 

2.06 

2.69 

Vegetables crops 

Vegetables crops 

Cereal growing 

Natural grassland 

*EC, electrical conductivity 
 

Soil samples collection: 

 

For each aforementioned site, three soil samples were taken at a distance of about 35 m between each 

sampling point. From each emplacement, about 500 g of soil were collected from 15 to 20 cm in depth with a 

clean steel spatula sterilized with ethanol. The soil samples were then collected in sterile plastic bags. In the 

laboratory, they were thoroughly homogenized, air-dried and passed through a 2 mm sieve to remove stones and 

large pieces of organic matter and then aliquots were placed into plastic pots previously sterilized. 

 

Isolation of rhizobial strains: 

 

The isolation of Rhizobia strains was obtained by the technique of the host plant infection that involve 

trapping Rhizobia by legume grown in pots containing soil collected in the four aforementioned sites. Alfalfa 

seeds were sterilized with calcium hypochlorite 5% (w/v) for 5min. This was followed by a thorough rinsing (6-

10 rinses) with sterile distilled water. The seeds were then put to swell during 5 minutes in the sterile distilled 

water. Finally, the seeds were aseptically disposed in Petri dishes containing water agar 1% and placed inverted 

in the dark at a temperature of 28°C [66]. The germination was observed after 3 days. 

Five (5) pre-germinated seeds were transferred into pots in triplicate (three pots for each site) and kept in a 

greenhouse at 22 C° day/18 C° night with a 16-h photo-period and 50–60% relative humidity. After 2 months of 

culture, all the plants were carefully uprooted from pots and thoroughly rinsed with tap water to remove soil 

particles. The large and pink nodules were collected, rinsed and sterilized by immersion in ethanol at 95°C for 

30 seconds and then in mercuric chloride at 0.1% for 2-3 minutes followed by a rinsing with sterile distilled 

water for ten times [69]. The sterilized nodules are placed in sterile Petri dishes separately and crushed with a 

sterile glass rod in the presence of sterile distilled water. A loopful of the resulting extract was streaked on 

YEMA (Yeast Mannitol Agar) medium surface containing Congo red in a Petri dish and incubated at 28°C [69]. 



106                                                           BOUZERAA-BESSILA Meriem, 2015 

Advances in Environmental Biology, 9(8) May 2015, Pages: 103-115 

After 2-5 days of incubation, single colonies having absorbed little dye were selected to check their purity by 

repeating streaking on the YEMA medium. After purifying and before undertaking the physiological 

characterization of isolates and tolerance tests to antibiotics, the purified cultures were subjected to an 

identification test followed by a nodulation test. Three replicates per isolate were performed for all realized 

tests. 

The identified isolates were designated by the MS code (M: Medicago, S: Sinorhizobium) and were 

followed by the letter and numeric number representing the first letter of the origin region and the number of the 

strain, respectively.  

 

 Purification and identification test: 

 

Among the methods used to identify the Rhizobium genus we based on those advocated by Vincent (1970), 

Beck et al. (1993), Somasegaran and Hoben (1994). 

 

- Cytomorphological characterization 

 Cytological and morphological tests were carried out for the identification of bacteria [30]. The cytological 

tests are based on Gram stain, mobility and shape of bacteria. Gram staining was done to ensure the purity and 

the absence of Gram positive bacteria. The reaction of Gram staining was carried out by using a loopful of pure 

culture grown on Tryptone agar and stained according to the Gram’s standard procedure.   

 

- Colony morphology 

Colony morphology includes: colonies aspect, colour, size, shape, margin, elevation, opacity, time of the 

appearance of the first colonies and their diameters. It  was evaluated by streaking a  loop of  the  initial  

inoculum on YEMA plates  and  incubating them in dish Petri  at  28°C  for  5  days [69, 64].                                                      

 

- Distinctive tests 

• Growth on YMA medium Blue Bromothymol: This test is performed to put in evidence the speed of the 

growth. The cultures were streaked on YEMA medium containing Bromothymol blue (BTB). The plates were 

incubated at 28°C. After 48 hours, a color change of the medium was observed. The isolates were classified 

either as a slow grower and alkali producers when the medium turns to blue or as a fast grower when the 

medium turns to yellow indicating that the isolates are acid producers [69].  

 

 • Precipitation of calcium glycerophosphate: This test allows differentiation between both Agrobacterium 

and Rhizobium genus. The strains are grown on YEMA medium calcium glycerophosphate [36]. On this 

medium, agrobacterium growth product colonies surrounded by a brownish halo and present a slight precipitate 

probably composed of tricalcium phosphate (positive reaction); however, Rhizobium ssp don’t give rise to any 

browning (negative reaction).   

 

Nodulation test: 

 

This test was performed to verify the ability of the strains to form root nodules with the host plant 

(Medicago sativa) under bacteriologically controlled conditions. It is the basic test to confirm the purification 

and assignment of strains to the group of rhizobia [69, 64]. In this work, Medicago sativa seeds were surface 

sterilized as described above. After germination, the seedlings were aseptically transferred in the test tubes 

containing the sterile Farhaeus medium. After 3 days, they were inoculated with 1 ml of bacterial suspension of 

each strain at log phase in order to identify the infectivity of the strains. The non inoculated plants served as 

negative controls. The cultures thus prepared were left in a lighted area under ambient laboratory conditions.  

Forty five days after inoculation, the plants were removed from the test tubes and the presence or absence 

of nodules was assessed.  

 

Biochemical characterisation: 

 

- Catalase activity 

Different  isolates which were 48 hours old were flooded with hydrogen peroxide  and  observed  for the 

liberation  of  the effervescence  of  oxygen  around  the bacterial colonies [33].  

 

- Urea Hydrolysis 

YEM broth was amended with 2% (w/v) urea and 0.012% phenol red to check the urea hydrolysis. The 

broth was inoculated with log phase cultures, incubated for 48 hours and observed for the production of the 

color  [49].  
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- Growth in Presence of 8% kNO3 

The strains were tested for the ability to grow in the presence of 8% KNO3 in YEM broth for 7 days 

incubation period at 28°C [20].  

 

Physiological characterization: 

 

For the physiological characterization, the solid medium was used for all performed tests. The Petri dishes 

were divided into small sectors (20 squares) and each of which was inoculated with 10 µl of a freshly prepared 

pre-culture at the rate of one strain by sector. The cultures were incubated at 28 ° C for 72 hours.  The reading 

was performed by a comparison with the control growth. For each abiotic factor, three replicates per strain were 

realized.  

 

- Determination of salt tolerance 

Strains tolerance to salinity was evaluated by a determination of the growth on the solid YEMA medium 

supplemented with NaCl at the concentrations ranging from 0% to 10%. The Petri dishes were inoculated from 

bacterial precultures prepared on liquid YEMA medium without salt. Bacterial growth was estimated by the 

importance of the diameter of the colony compared to the controls without salt. 

  

- Determination of pH tolerance 

The ability of the strains to grow on acid and basic pH was performed on the solid medium YEMA by 

adjusting the pH to 3.5, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10. All the plates were incubated at 28°C for 72 hours.  

The diameter of the colony is compared to the control at pH 7.  

 

- Determination of temperatures tolerance 

The temperature tolerance was evaluated on YEMA plates inoculated as described above and incubated at 

temperatures from 4 to 45°C. The control plates were incubated at 28°C.   

 

Antibiotics resistance test: 

 

The antibiotic resistance was detected using the disc diffusion method on a solid medium [6]. YEMA plates 

were inoculated with 1 ml of an exponentially growing liquid culture.  

The agar surface was dried for 3-5 minutes before applying antibiotic discs. The antibiotic discs were 

equidistantly placed on 90 mm Petri plate using sterile forceps. The plates were incubated aerobically at 28°C 

for 48 hrs.  A resistance to an antibiotic was detected by the absence of an inhibition zone formed around the 

discs [67]. The antibiotics used were Chloramphenicol (C30): 30 µg, Tetracycline (TE30): 30 µg, Rifampicine 

(RA30): 30 µg, Streptomycin (S10): 10 µg, Erythromycin (E15): 15 µg, Ampicillin (AM10): 10 µg, 

Gentamycin (CN10): 10 µg and Penicylline (P10): 10µg. 

 

                                                                        RESULTS 

 

Cytomorphological and biochemical characterization: 

 

A total of 85 strains of which 20 strains from the Chatt (C), 20 strains from El-Hadjar (E), 

22 strains from Heliopolis (H) and 23 strains from Fetzara (F) sites were obtained from nodules of different 

samples of Medicago sativa. 

The results of the morphological, cytological and biochemical characters of the strains, shown on the table 2, 

indicate that the isolates produce white, pink /or cream colonies of different sizes with circular homogeneous and 

curved shape, translucent and mucilaginous consistence on YMA-RC medium after 24 hours.The microscopic 

observation of different fresh bacterial suspensions showed that the isolates were gram negative, mobile and 

rounded tips. On YMA -BTB medium, the color of the medium was changed to yellow indicating that the isolates 

are acid producers and are fast growing while in YMA-Calcium Glycerophosphate medium no precipitate was 

formed, so the isolates show a negative effect revealing that our strains do not belong to Agrobacterium genus. 

Moreover, the nodulation test, realized under the microbiologically controlled conditions, showed the presence of 

nodules on all root systems which confirm that the strains are infective with their host plant (Medicago sativa). 

The biochemical characterization reveals the presence of catalase, urease and nitrate reductase in all authenticated 

strains. 
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Table 2: Cytomorphological and biochemical characteristics of isolated strains 

 Characteristics 
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MSE1 - 48h 4-5 BTrM acid + + + - 

MSE2 - 96h 4-5 BTM acid + + + - 

MSE3 - 96h 4-5 BTM acid + + + - 

MSE4 - 96h 4-5 BTC acid + + + - 

MSE5 - 48h 4 PTrC acid + + + - 

MSE6 - 48h 4 PTrC acid + + + - 

MSE7 - 48h 4 PTrC acid + + + - 

MSE8 - 48h 4-5 BTrC acid + + + - 

MSE9 - 96h 4-5 BTrC acid + + + - 

MSE10 - 96h 3-4 BTC acid + + + - 

MSE11 - 96h 3-4 BTrM acid + + + - 

MSE12 - 96h 4-5 BTrM acid + + + - 

MSE13 - 96h 4-5 BTrM acid + + + - 

MSE14 - 96h 4-5 BTrM acid + + + - 

MSE15 - 96h 4-5 PTrC acid + + + - 

MSE16 - 96h 4-5 BTrC acid + + + - 

MSE17 - 96h 4-5 BTrM acid + + + - 

MSE18 - 96h 4-5 BTrM acid + + + - 

MSE19 - 48h 4-5 BTrM acid + + + - 

MSE20 - 96h 4-5 PTM acid + + + - 

MSH1 - 96h 3-4 BTrC acid + + + - 

MSH2 - 96h 3-4 BTrM acid + + + - 

MSH3 - 96h 3-4 BTrC acid + + + - 

MSH4 - 96h 3-4 BTrM acid + + + - 

MSH5 - 72h 3-4 BTrC acid + + + - 

MSH6 - 72h 3-4 BTM acid + + + - 

MSH7 - 96h 3-4 BTM acid + + + - 

MSH8 - 96h 3-4 BTM acid + + + - 

MSH9 - 96h 2-3 PTrM acid + + + - 

MSH10 - 96h 2-3 PTrM acid + + + - 

MSH11 - 96h 4-5 BTM acid + + + - 

MSH12 - 72h 3-4 BTM acid + + + - 

MSH13 - 96h 4-5 BTM acid + + + - 

MSH14 - 72h 3-4 BTM acid + + + - 

MSH15 - 96h 2-3 BTM acid + + + - 

MSH16 - 96h 2-3 PTrC acid + + + - 

MSH17 - 96h 2-3 WTrM acid + + + - 

MSH18 - 96h 2-3 WTrM acid + + + - 

MSH19 - 96h 2-3 WTrM acid + + + - 

MSH20 - 48h 2-3 PTrC acid + + + - 

MSB1 - 72h 2-3 PTrC acid + + + - 

MSB2 - 72h 2-3 PTrC acid + + + - 

MSB3 - 48h 2-3 WTrM acid + + + - 

MSB4 - 48h 2-3 WTrM acid + + + - 

MSB5 - 48h 2-3 WTrM acid + + + - 

MSB6 - 48h 2-3 PTrM acid + + + - 

MSB7 - 48h 2-3 WTrM acid + + + - 

MSB8 - 48h 2-3 PTM acid + + + - 

MSB9 - 48h 2-3 PTC acid + + + - 

MSB10 - 72h 2-3 PTrC acid + + + - 

MSB11 - 72h 2-3 PTrM acid + + + - 

MSB12 - 96h 2-3 PTM acid + + + - 

MSB13 - 96h 2-3 PTM acid + + + - 

MSB14 - 72h 2-3 WTM acid + + + - 

MSB15 - 72h 2-3 PTC acid + + + - 

MSB16 - 96h 2-3 PTC acid + + + - 

MSB17 - 96h 2-3 PTC acid + + + - 

MSB18 - 96h 2-3 PTC acid + + + - 

MSB19 - 48h 2-3 BTC acid + + + - 

MSB20 - 48h 2-3 PTrM acid + + + - 

MSB21 - 48h 2-3 PTrM acid + + + - 

MSB22 - 48h 2-3 PTrM acid + + + - 
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MSF1 - 96h 2-3 BTC acid + + + - 

MSF2 - 96h 2-3 BTrC acid + + + - 

MSF3 - 72h 2-3 BTrC acid + + + - 

MSF4 - 72h 2-3 BTC acid + + + - 

MSF5 - 72h 2-3 BTrC acid + + + - 

MSF6 - 72h 2-3 BTC acid + + + - 

MSF7 - 72h 2-3 BTrM acid + + + - 

MSF8 - 72h 2-3 BTM acid + + + - 

MSF9 - 72h 2-3 BTM acid + + + - 

MSF10 - 96h 2-3 BTC acid + + + - 

MSF11 - 96h 2-3 BTC acid + + + - 

MSF12 - 96h 2-3 PTC acid + + + - 

MSF13 - 96h 2-3 BTC acid + + + - 

MSF14 - 96h 2-3 BTrM acid + + + - 

MSF15 - 72h 2-3 BTrM acid + + + - 

MSF16 - 72h 2-3 PTrM acid + + + - 

MSF17 - 96h 2-3 WTM acid + + + - 

MSF18 - 96h 2-3 BTrM acid + + + - 

MSF19 - 96h 2-3 WTrC acid + + + - 

MSF20 - 96h 2-3 BTrM acid + + + - 

MSF21 - 96h 2-3 PTM acid + + + - 

MSF22 - 96h 2-3 WTrC acid + + + - 

MSF23 - 96h 2-3 BTM acid + + + - 

B: Beige, P: Pink, W: White, T: Transparent, Tr: Translucent, M: Mucous, C: Creamy 

 

Physiological characterization: 

 

- Salt tolerance 

The study of the salt tolerance shows that the salt has a deleterious effect on growth rhizobia.  

 At 1% of NaCl, the growth percentage of the strains is optimal; it is 100% (Fig. 2). From this concentration, 

this percentage decreases as the salinity increases, and a wide diversity of the strains for their halotolerance is 

then observed in the 4 prospected sites. At 2% of NaCl, the percentage of the tolerant strains is at 70% at Chatt 

soil, 80% at El-Hadjar soil, 63.63% at Heliopolis soil and 82.60% at Fetzara soil.                                                          

At 3% of NaCl, an average more than 50% of the strains are able to grow normally. The concentrations of 

5% and 6% of NaCl constitute the tolerance limits to the native strains of Heliopolis and El-Hadjar, respectively. 

The most salt-tolerant strains are those isolated from Chatt and Fetzara soils. These soils, which are highly 

affected by salt, justify the presence of the highly halotolerant strains of which 5 strains can even tolerate 10% 

of NaCl: MSC2 and MSC9 are native from Chatt soil, and MSF21, MSF20 and MSF19 are native from Fetzara 

soil. 

 
 

Fig. 2:  Isolates growth on different concentration in Nacl 

 

- pH tolerance 

The results of pH tolerance observed in the different prospected areas are shown in the figure 3. In the range 

between pH 3.5 and pH 10, the vast majority of the strains isolated from Chatt soil are rather neutrophils. Their 

growth is optimum at pH 7 whereas more than 70% of the strains have sensitivity outside this value.  The strains 

isolated from three other sites showed a wide diversity for their tolerance to pH changes. At alkaline pH, the 

strains are more tolerant especially those isolated from the soils of Heliopolis and Fetzara. The growth 

percentages recorded at pH 8 are 55%, 91% and 73.91% at El-Hadjar, Heliopolis and Fetzara soils, respectively. 

At pH 9, they are of the order of 50%, 68.18 and 47, 82%. At pH 10, the rates of tolerant strains vary from 20% 

to over 30% according to locality. Concerning acid pH, the strains originate from El-Hadjar and Heliopolis 

seems rather indifferent to the acidity of the medium. At pH 6, it was recorded 85% and 81.81% of resistant 
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strains, respectively, against 65.2% of strains native from Fetzara soils. At pH 5, these percentages are in the 

order of 55%, 63.63% and 43.48%, respectively. 

Strains tolerant to pH 4 were also registered which (4) strains (MSE2, MSE7, MSE15, MSE16) from El-

Hadjar soil and (1) strain (MSH5) originating from Heliopolis soil were even able to survive at pH 3.5. This 

resistance to extremely acid pH could be in relation with pH origin of the isolates (Table 1).  

 

 

 
                            

Fig. 3: Effect of pH on isolates Growth 

 

- Temperature tolerance 

The results indicating margins temperature tolerance of the tested strains in this study show that most of the 

isolates exhibit a good thermotolerance (Fig. 4).  The strains isolated from Heliopolis seem to be the most 

indifferent and the most resistant to temperature changes. Their growth rate is optimal (100%) in the interval 

comprised between 4 and 35 °C. It is 81.81% and 72.72% at 40 °C and at 45 °C, respectively.                                

The existence of highly thermotolerant strains with such a high percentage on the soils of Heliopolis could be an 

indication of their adaptation to the temperature of the area (Fig.1). 

On the other tested sites, the maximum growth of the isolates was obtained between 28°C and 35°C. 

Outside these values, the percentage of the tolerant strains vary on average from 85% at 22°C to 75% at 4°C.  

From 35 ° C, the strains seem less tolerant; nevertheless, 65% of them exhibited a resistance at 40 ° C. 

 At 45 ° C, almost half of the Fetzara strains (47.82%) exhibit forever a good growth against only 20% (MSC4, 

MSC9, MSC18, MSC19) at Chatt soil and 25% (MSE4, MSE16, MSE17, MSE18, MSE20) at El-Hadjar soil. 

 

 

 
Fig. 4: Effect of temperature on isolates Growth 

 

Intrinsic antibiotics resistance: 

 

The evaluation of the intrinsic resistance to antibiotics of Alfalfa rhizobia indicates in figure (5) that the 

inhibitory effect of the antibiotics depends on their nature and on the bacterial strains. It appears from the results 

that AM10 and N10 have proved the most harmful antibiotics on the growth of the strains. Indeed, on a total of 

85 strains, only (6) strains (MSC1, MSC19, MSF1, MSF22, MSH17, MSH21) have survived in the presence of 
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AM10 and (2) strains (MSC1, MSF22) in the presence of CN10. In contrast, in the vast majority, the strains 

have been resistant with the six (6) other tested antibiotics. The highest resistance profile was observed in the 

presence of Rifampin followed by Tetracycline then Chloramphenicol. Comparing the resistance of the strains 

in relation of their geographical origin, the results reveal that moderately resistant strains are native from Chatt 

and El-Hadjar soils with an average of 63.33% and 70%, respectively, whereas the most resistant strains are 

majority amongst those belonging to Heliopolis (77.28%) and Fetzara soil (83.38%). 

 

 

 
              

Fig. 5: Effect of antibiotics on isolates Growth 

 

                                                                       DISCUSSION 

 

A collection of 85 Rhizobia strains was obtained from the nodules of Medicago sativa which had been 

grown on soils belonging to 4 different edapho-climatic characters sites. These strains were distributed as 

follows: 20 strains from the Chatt site, 20 strains from El-Hadjar, 22 strains from Heliopolis and 23 strains from 

Fetzara. The results of morphological and cytological tests supported by biochemical tests, which are realized on 

YMA-BTB and YMA-Calcium Glycerophosphate, show that all characters developed by our strains were 

consistent with the phenotypic appearance previously described in fast growing Rhizobium [69, 39, 63]. The 

nodulation test realized under the microbiologically controlled conditions authenticates the appearance of the 

strains to the Rhizobia genus, and allows identifying them as Sinorhizobium meliloti and/or Sinorhizobium 

medicae two species able to infect Medicago sativa. 

The strains have all been able to reduce nitrates and nitrites and present catalasic and ureasic activities. 

Theses enzymes enabling the strains to resist to their environments and to infect their host plants are 

ecologically important for the selection.  

The effects of the abiotic factors on the growth and on the survival of the isolated strains were studied. The 

results were submitted to comparative analysis between strains from the same site and between strains of 

different sites.  

Regarding the effect of the salinity on the growth of the tested Rhizobia, an adverse effect appears beyond 

1% of NaCl by a percentage of the growth that decreases when the salt concentration increases.  This inversely 

proportional negative effect to the concentration of NaCl was also reported by other authors [34, 22, 1]. El-

Sheikh (1998) reported for this factor that the osmotic effect is the main backlash of the application salt on the 

growth of Rhizobia. The results also indicate that each site presents native strains with different resistance 

profiles and different tolerance limits. Indeed, Jida and Assefa (2012) and Jebara et al. (2001) reported that the 

tolerance limit to NaCl for Rhizobia can considerably change from one species to another and even between 

strains of the same species. In this study, the highest tolerance limit was at 10% of NaCl. It was observed in 

three strains (MSF21, MSF20, MSF19) isolated from Fetzara and two strains (MSC2, MSC9) isolated from 

Chatt. This high tolerance to salt could be related to soil isolation highly affected by salt. In this context, 

Mpepereki et al. (1997) reported that the existence of tolerant salt strains in halomorphic sites may be an 

indication of their adaptation to osmotic stress due to an increase of the ion concentration and to the variation in 

soil moisture during dry periods. Many studies mentioned a very interesting resistance profiles in Sinorhizobium 

associated with the species of Medicago [21]. In other legumes, associated strains to Lupinus sp were able to 

grow at 10% of NaCl [75], and one associated strain to fenugreek was able to grow at a limit of 14% of NaCl 

[1]. In this regard, Boncompagni et al. (1999), Gouffi et al. (1999) and Vriezen et al. (2007) reported that the 

salt high tolerance of some rhizobial strains was associated to their ability to accumulate some protective 

organic osmolytes such as amino acids (proline, betaine, glutamate) or carbohydrates (trehalose, sucrose) in 

order to maintain the cell turgor and to limit the damage caused by salt. 
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The results on the effects of the pH changes show that tested Rhizobia strains exhibited a wide diversity for 

their tolerance to pH variations for all prospected sites in the range between pH 3.5 and pH 10. On average, the 

majority of the isolates grow best between pH 5 and pH 9 with an optimal growth rate at pH 7. The tolerance to 

pH changes seems to depend on the strains; a preference to basic pH was observed to strains native of Heliopolis 

and Fetzara soil. Tolerant strains to pH extremely acids (pH 4 and 3.5) were also recorded. The margins of 

tolerance to pH were the object for many studies on different isolated rhizobial species from various legumes of 

which herbaceous legumes Medicago genus [72, 39, 62, 21], so the results depend on the rhizobial strains and 

the host species.  Concerning alkalinity, Yadav and Vyas (1971) reported that the growth of fast growing strains 

was normal in the alkaline medium up to pH 10. On acidity, Brockwell et al. (1991) reported that Sinorhizobium 

meliloti is sensitive to acidic pHs. However, Yadav and Vyas (1973) and Elboutahiri et al. (2010) were able to 

isolate tolerant Sinorhizobium strains at about pH 3.5. Under these conditions of low pH, Kurchak et al. (2001) 

reported that some strains in response to acid stress would present specific genes, the act genes (acid tolerance). 

Many other mechanisms related to this tolerance were also reported: exclusion and expulsion of protons H + 

[78], polyamines accumulation [29] and exopolysaccharide production [70]. 

By their effects on the turgor and on the enzymes action of the bacterial cell, the extreme temperatures have 

adverse effects on the growth, the survival of Rhizobia and on their ability to fix atmospheric nitrogen. Our 

conducted study on the isolated Rhizobia submitted to temperature variations reveals that the vast majority of 

the strains exhibited a good growth in the temperature range between 4 and 35 ° C with a luxuriant growth 

between 28 and 35°C. The effect of the low temperatures on the growth of Rhizobia was little reported [59, 50]. 

In general, the bacteria are tolerant to temperatures from the order of 4°C and  5°C. However, in the stressed 

bacteria, the extremely low temperatures could result a jellification of the cellular water and sometimes 

irreversible inactivation of their enzymes from which inhibition of the expression of the “nod” genes and 

therefore the infection and the nodulation [77].                                                      

Concerning the high temperature, our results show an interesting growth percentages at 40 °C of which 

some strains have continued to survive even at 45 °C. The isolated strains from the Heliopolis soil represent the 

highest percentage of resistance at the mentioned temperature limits in this study.  The resistance of 

Sinorhizobium to such a high temperatures was also reported by Nich et al. (1999), Sebbane et al. (2005),  

Elboutahiri et al. (2010) and Chriet et al. (2014), who mentioned tolerances between 42 and 45 ° C according to 

the host plant. For other Rhizobia species, many results reported a high tolerance limits in the order of 47 ° C 

[40] and 48.7 ° C [55]. Cloutier et al. (1992) indicated that not the extreme heat stress generally induces the 

expression of HcP (Heat shock Proteins), which provide protection key enzymes of microbial physiology. In 

contrast, the exposure to the extreme high temperatures can lead to a loss of the infective capacity of the 

bacterium [40].  

The evaluation of the intrinsic resistance to the antibiotics reveal that all strains of four geographical groups 

have presented a remarkable sensitivity in the presence of AM and CN except some strains (MSC1, MSC19, 

MSF1, MSF22, MSH17, MSH21) and (MSC1, MSF22) that have made proof of resistance to these antibiotics, 

respectively.  In contrast, in the presence of other antibiotics, each site presents native strains with different 

resistance profiles. The highest resistance has been observed in the presence of Rifampin followed by 

tetracycline then Chloramphenicol. Comparing the resistance profiles of the different strains, we find that the 

most resistant strains are predominantly found among the strains belonging to Fetzara and Heliopolis sites. In 

these sites considered as few or not treated with pesticides, the strong presence of the resistant strains to the 

different antibiotics could be explained by the fact that these bacteria might adapt to different emitted stimulus 

by various fungi and bacteria by sharing, initially, the same ecological niche with these microorganisms, present 

in the soil.  

 

                                                                        CONCLUSION 

 

To the term of this work, the study of the resistance profiles to the variations of the abiotic factors revealed 

a wide phenotypic diversity in isolated Sinorhizobium in relation to their geographic origins. This allows us to 

select the suitable candidates for the inoculation of Medicago sativa according to the different envisaged 

conditions of soil and climate. Highly tolerant strains to salt, acid and basic pH, temperature and antibiotics 

were identified; they reflect the environmental stresses pressure predominant in their sites. These strains 

constitute biological material which should be tested in combination with Medicago sativa in controlled 

conditions to select those with the best performance symbiotic under unfavorable conditions of the environment. 
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