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ABSTRACT 

Phenotypic and genotypic diversity as well as symbiotic effectiveness of twenty one 

symbionts isolated from nodules of four Acacia species (Acacia melanoxylon, A. mearnsii, 

A. saligna and Acacia tortillis) grown in Morocco were evaluated. Growth in various 

media (YMA, YMA-BBT, YMA-RC), colony morphology, tolerance to stress factors 

(temperature, pH, salt concentrations, various heavy metals) and different carbon sources 

were used as phenotypic markers. The genetic characterization was studied by Random 

Amplification of Polymorphic DNA (RAPD) and 16S rRNA gene sequencing. The 

symbiotic effectiveness of rhizobial isolates on acacia was evaluated using plant 

nodulation assay in controlled conditions. Results showed that twelve isolates were fast 

growing, all of the twenty one isolates tolerated pH between 4.8 and 8.8 and temperatures 

of 14, 22, 28, and 37°C, while only five could grow at 44°C and three at 55°C. Highest 

resistance to heavy metals was recorded for arsenate, mercury, chromium; in contrast, 

low resistance was noted for copper (15 isolates resisted to10 g mL-1). Most of the isolates 

were able to grow in a wide range of carbohydrates. The genotypic analysis of the tested 

isolates showed that they could be regrouped into three principal clusters based on their 

RAPD profiles. Acacia saligna was principally nodulated by Bradyrhizobium sp. while the 

other species were nodulated by different rhizobial species. Both phenotypic and 

genotypic studies showed great rhizobial isolate’s diversity. The symbiotic effectiveness 

tests showed that two isolates (AsF and AsAg1) had high N2 fixing potential on Acacia 

saligna.  
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INTRODUCTION 

High soil nutrient depletion by intensive 

agricultural practices leads to soil desertification, 

irreversible degradation of vegetation cover, and 

decline in soil fertility, enhanced by over-

exploitation of forest areas for wood and fodder 

and by erosion (Hermès et al., 2014). To solve 

these problems, it is recommended, among 

others, to integrate trees in the crop system 

(intercropping), especially in forestry 

managements including reforestation and pasture 

management programs, and also to use green 

manures (Fikri Benbrahim et al., 2004). 

Nitrogen-fixing trees such as acacias are used 

in arid and semi-arid areas to prevent 

desertification and erosion and to improve soil 

fertility, thanks to their ability to adapt to adverse 

conditions and tolerate environmental stresses 

such as cold, low rainfall, heavy metals, and 

salinity (Zahran et al., 2003).  
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Table 1. Geographic origin and geodesic coordinates of the Acacia host plants from which studied 

Rhizobium were isolated. 

Strain 

number 

Strain 

name 

Acacia species 

(A) 

Geographic 

origin 

Coordinates  °N, °W 

Latitude Longitude Altitude 

1 As A A. saligna Asilah 35° 27‟ 54‟‟ N 6° 02‟ 05‟‟ W 32 m 

2 As A1 A. saligna Asilah 35° 27‟ 54‟‟ N 6° 02‟ 05‟‟ W 32 m 

3 As A1r A. saligna Asilah 35° 27‟ 54‟‟ N 6° 02‟ 05‟‟ W 32 m 

4 As Ag 1 A. saligna Agadir 30° 25‟ 12‟‟ N 9° 33‟ 53‟‟ W 16 m 

5 As Ag 2  A. saligna Agadir 30° 25‟ 12‟‟ N 9° 33‟ 53‟‟ W 16 m 

6 As A2 A. saligna Asilah 35° 27‟ 54‟‟ N 6 02‟ 05‟‟ W 32 m 

7 As F A. saligna Fez 34° 02‟ 13‟‟ N 4° 59‟ 59‟‟ W 104 m 

8 As K A. saligna Kenitra 34° 15‟ 39‟‟ N 6° 34‟ 48‟‟ W 25m 

9 As L‟2 A. saligna Larache 35° 11‟ 35‟‟ N 6° 09‟ 20‟‟ W 44m 

10 As L2r A. saligna Larache 35° 11‟ 35‟‟ N 6° 09‟ 20‟‟ W 44m 

11 As L2 A. saligna Larache 35° 11‟ 35‟‟ N 6° 09‟ 20‟‟ W 44m 

12 Mel A. melanoxylon Meknes 33° 53‟ 36‟‟ N 5° 32‟ 50‟‟ W 548m 

13 Mol A. mearnsii Meknes 33° 53‟ 36‟‟ N 5° 32‟ 50‟‟ W 548m 

14 As Ag 3 A. saligna Agadir 30° 25‟ 12‟‟ N 9° 33‟ 53‟‟ W 16 m 

15 At Ag 4 A. tortilis Agadir 30° 25‟ 12‟‟ N 9° 33‟ 53‟‟ W 16 m 

16 At Ag 5 A. tortilis Agadir 30° 25‟ 12‟‟ N 9° 33‟ 53‟‟ W 16 m 

17 As S.Y A. saligna Sidi Yahia 34° 18‟ 23‟‟ N 6° 18‟ 22‟‟ W 19m 

18 As S.Yr A. saligna Sidi Yahia 34° 18‟ 23‟‟ N 6° 18‟ 22‟‟ W 19m 

19 As T1 A. saligna Tangier 35°46‟ 50‟‟ N 5°48‟49‟‟ W 80m 

20 As T2 A. saligna Tangier 35°46‟ 50‟‟ N 5°48‟49‟‟ W 80m 

21 As T3 A. saligna Tangier 35°46‟ 50‟‟ N 5°48‟49‟‟ W 80m 

 

 

Acacias have also multipurpose uses such as 

wood production for A. melanoxylon and tanning 

properties for A. mearnsii and A. tortillis; soil 

rehabilitation and fodder source for subsistence 

and commercial livestock production for A. 
saligna (Fikri Benbrahim et al., 2014). 

Moreover, the symbiotic nitrogen fixing 

bacteria have an important role particularly in 

sustainable low-input agriculture and land 

rehabilitation (Ben Romdhane et al., 2006). 

Currently, about 122 species belonging to 

eleven genera of Alpha- proteobacteria and three 

genera of Betaproteobacteria have been 

described as rhizobia and are distributed as 

follows: Aminobacter, Azorhizobium, 
Bradyrhizobium, Devosia, Mesorhizobium, 

Methylobacterium, Microvirga, Ochrobactrum, 

Phylobacterium, Rhizobium, 
Sinorhizobium/Ensifer, Shinella (Class of α-

proteobacteria), Burkholderia, Cupriavidus and 
Herbaspirillum (Class of β-proteobacteria) 

(Laranjo et al., 2014); showing a great diversity. 

This study aimed to enhance biological 

nitrogen fixation by Acacia sp., by selecting 

bacteria resistant to various stress factors, 

through phylogenetic studies using phenotypic 

and molecular techniques and to produce an 

efficient inoculum adapted to different 

environmental conditions.  

MATERIALS AND METHODS 

Root Nodule Survey 

Root nodules were collected from four 

Acacia species: Acacia melanoxylon, A. 

mearnsii, A. saligna and A. tortilis, growing in 

different geographical sites in Morocco such 

as Asilah, Larache and Tangier in the North 

West, Fez and Meknes in the center, and 

Agadir in the South West (Table 1). These 

nodules were collected from acacia‟s roots 

according to methods developed by Vincent 

(1970) and Beck et al. (1993). 

Isolation of Rhizobia from Acacia 

plant’s Nodules  

Healthy, unbroken, pink root fresh nodules 

were selected; surface sterilized by the 
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standard method (Van Berkum et al., 1996), 

then aseptically crushed with a glass rod in 

some NaCl (9g/L) drops to make it slurry 

(Beck et al., 1993). Nodule‟s bacterial 

suspension obtained was streaked on Yeast-

Mannitol-Agar (YMA) (Vincent, 1970) 

supplemented with Congo Red (CR) (0.0025% 

w/v). Plates were incubated at 28°C for 3 to 7 

days. The culture‟s purity was verified by 

repeated streaking of a single isolate‟s colony 

into YMA medium (Jordan, 1984). Finally, 

pure cultures were preserved in 20% glycerol 

at -80°C until further use according to Zahran 

et al. (2012). 

Isolates Authentication 

Bacterial isolates were re-inoculated to 

Acacia saligna plants in Gibson tubes, in a 

growth chamber at 28 /25°C (day/night), 

with a photoperiod of 16 hours light/8 hours 

dark, a light intensity of 400 lux. Acacia 
saligna’s seeds were surface sterilized 

according to Vincent (1970), scarified with 

H2SO4 at 95% for 45 minutes, then 

germinated on 9% agar, at 28°C for 2 to 3 

days. The seedlings were placed aseptically 

in Gibson tubes supplemented with a 

nitrogen free plants nutrient solution 

(Gibson, 1980). Each tube was inoculated 

with an isolate at exponential growth 

conditions (~10
8
 UFC mL

-1
). Un-inoculated 

plants were used as controls. Three 

replicates were prepared for each treatment. 

After six months, plants were harvested, 

nodules separated from roots, then rhizobia 

was re-isolated from nodules. 

Phenotypic Characterization 

Colony morphology was examined on 

YMA agar plates, incubated at 28°C for 3 to 

7 days, based on their size, color, shape, 

mucosity, transparency, borders and 

elevation (Vincent, 1970); then, Gram stain 

reaction was conducted to perform a 

microscopic examination. 

The isolates were grown on YMA medium 

supplemented with Bromothymol Blue 

(BBT) at (0.0025% w/v) (Vincent, 1970) 

and incubated at 28°C for 7 to 10 days, to 

distinguish between acid and alkaline 

producing rhizobia and to have an idea about 

their growth rate. Indeed, change of the agar 

medium to yellow indicates acid production 

(Keneni et al., 2010). Moreover, the ability 

to change the pH distinguishes fast-growing 

bacteria (yellow) from slow growing ones 

(dark blue color) for which medium‟s 

acidification is late (3-5 days). 

Effect of Intrinsic Factors 

Isolate‟s ability to use different carbon 

sources was tested on Yeast Mannitol Broth 

(YMB) containing one of the following 

sugars: fructose, galactose, glucose, sorbitol, 

lactose, maltose, raffinose, starch, dextran or 

mannose at a concentration of 1% (W/V) 

instead of mannitol (Bekele et al., 2013; 

Razika et al., 2012).  

Each sugar was tested in triplicate and 

used as a stock solution previously filter-

sterilized (Somasegaran and Hoben, 1994). 

An YMB medium containing mannitol 

without bacterial suspension was used as 

control. The other tubes were inoculated 

with 200 µL of exponential cultures (10
8
 

UFC mL
-1

) and incubated at 28°C under 

agitation in a rotary shaker (125 rpm) for 3 

days. The use of sugars as carbon source 

was recorded by measuring the culture‟s 

optical density at 600 nm. 

Another test was conducted to assess 

resistance of the studied isolates to the 

following heavy metals: AsNa2HPO4 (6, 60, 

100, 300 µg mL
-1

), CuSO4 (10, 50, 100 µg 

mL
-1

), Hg2Cl2 (5, 10, 20, 40, 50 µg mL
-1

); 

NiCl2, 6H2O (20, 40, 60, 80 µg mL
-1

); 

ZnSO4, 7H2O (10, 20, 30, 40, 50 µg mL
-1

), 

and K2Cr2O7 (25, 50, 100, 150 µg mL
-1

).  

Stock solutions of different metals were 

filter sterilized (Millipore 0.2 µm) and a 

suitable sample of each stock solution was 

added to a previously autoclaved YMA 

medium, to have the target concentrations in 

µg mL
-1

. This medium was inoculated by 10 

µL of rhizobia culture (10
8
 UFC mL

-1
) of 

each isolate and incubated at 28°C for one 

week (Küçük et al., 2006). 
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Effects of Extrinsic Factors 

The isolates were grown on YMA medium 

with different NaCl concentrations (0.5, 1.5, 2, 

and 5%) and incubated for one week at 28°C 

(Ben Romdhane et al., 2006). 

The isolates were grown on YMA at 

different pH values: 4.8, 5.8, 6.8, 8.8 and 

incubated for one week at 28°C (Küçük et al., 

2006). 

The isolates were incubated at 6, 14, 22, 28, 

37, 44 and 54°C for one week (Hung et al., 

2005). 

Genotypic Characterization  

The polymorphism of the tested isolates was 

studied by Random Amplification of 

Polymorphic DNA (RAPD). Total genomic 

DNA was extracted according to Ivanova et al. 
(2000). Then, PCR amplification of the 

isolated DNA was performed according to 

Berrada et al. (2012) by using a mixture of 

equal volumes of 1/20 dilution in distilled 

water of two primers pairs: 2a/2s (A) and 3a/2s 

(B), at a final concentration of 1 mM for each 

primer. 

(A) 2a: 5'GCCCGTTTGA3'/2s: 

5'GCGGGCTTGA3' 

(B) 3a: 5'AGGCGAGTCA3'/2s: 

5'GCGGGCTTGA3' 

Finally, the amplification products were 

separated by electrophoresis in a 2% agarose 

gel, prepared in 1X TBE buffer (10.8 g Tris, 

3.4 g boric acid, 0.92 g EDTA, qsp 1,000 mL 

H2O) added with few drops of Ethidium 

bromide 0.5 µg mL
-1

), by deposition of 8 µL 

DNA mixed with 2 µL loading buffer (50% 

glycerol, 50% TBE 10X, Bromophenol blue).  

At the end of DNA migration, bands 

obtained in the agarose gel were compared. 

Amplification and Sequencing of 16S 

rRNA Gene 

The genomic DNA was extracted using a 

thermal shock technique by suspending a 

colony of each strain in 50 µL of sterile 

distilled water and stirring well, cooling at -

20°C for 20 minutes then transferring 

immediately at 95°C for 3 minutes. To ensure 

complete cell lysis, the operation was repeated 

three times. After centrifugation at 7,000 rpm 

for 10 minutes, the supernatant was recovered 

and 2 μL was used for the amplification 

reaction. 

Amplification of 16S rRNA Gene 

Amplification of the 16S rRNA gene, of each 

bacterial isolate, was performed with the 

universal primers fD1 (5′-

AGAGTTTGATCCTGGCTCAG-3′) and 

Rs16 (5′-GGTTACCTTGTTACGACTT-3′) 

(Weisburg et al., 1991), and carried out in a 20 

µL total reaction volume containing template 

DNA (100 ng), Taq buffer (10X), MgCl2 (25 

mM), dNTP (1 µM), Fd1 (10 µM), Rs16 (10 

µM) and Taq DNA polymerase (5 U μL
-1

). 

The PCR temperature profile used was 94°C 

for 5 minutes followed by 35 cycles consisting 

of 94°C for 30 seconds, 55°C for 30 seconds, 

72°C for 1 minute, with a final extension step 

at 72°C for 5 minutes. PCR products were 

confirmed by size and specificity by horizontal 

agarose gel electrophoresis 1% (w/v) stained 

by ethidium bromide‟s aqueous solution (1 mg 

mL
-1

) and photographed under UV 

illumination. 

The 16S rRNA gene amplification for five 

isolates resulted in a single band of interest 

revealed by electrophoresis for each isolate. 

The PCR amplification products were 

purified to eliminate dNTP excess and 

primers, then, sequencing was performed. The 

obtained sequences were compared with the 

16S RNA gene‟s sequences database via the 

National Center for Biotechnology 

Information "NCBI" using the BLAST (Basic 

Local Alignment Search Tool). Based on 

sequence homology, the degree of relationship 

was determined.  

Study of the Symbiotic Effectiveness of 

Different Rhizobial Isolates 

Twelve bacterial isolates (AsAg1, AsAg2, 

AsA, AsF, AsK, AsL2, Mel, Mol, AsAg3, 

AsAg5, AsSY and AsT) were compared by 

inoculating them separately to A. saligna 
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Figure 1. Use of ten different carbohydrates by ten tested isolates. 

plantlets grown in Gibson tubes, maintained in 

a growth chamber 28°C day/25°C night, 16 

hour light/8 hour dark photoperiod and 400 lux 

(light intensity) and filled as needed with 

Munns nitrogen free nutrient solution (Beck et 
al.,1993; Somasegaran and Hoben, 1994). 

Each inoculation treatment was conducted in 

triplicate. The plantlets were cultivated for 6 

months, then, shoot and root dry matter yields, 

nodulation parameters, aerial part‟s nitrogen 

percentage and total nitrogen content were 

measured. For this purpose, shoot and root of 

plants were separated, oven dried at 70°C for 

48 hours, and weighted. Nodules were also 

separated from the root system, counted and 

weighted. The Kjeldahl method was used to 

determine the nitrogen percentage and aerial 

plant‟s N content. 

RESULTS 

Microscopic observation showed that the 

twenty one isolates were Gram-negative. 

Most colonies were detected after 24 hours 

of incubation and presented character‟s 

differences: Seventeen isolates produced 

circular, convex, smooth, non-puncture, 

translucent, milky or creamy colonies. Four 

isolates produced punctate, not 

translucent/transparent colonies. High 

production of mucus was observed in most of 

the studied isolates. 

The low consistency, translucent and 

gummy appearance was observed in the fast-

growing strains; while the thick, viscous 

consistency milky hue was found in slow 

growing ones. 

Furthermore, the majority of colonies 

obtained in YMA-CR were pink and/or white 

with a low frequency of red color.  

Color change of the pH indicator to yellow 

was detected after 24 hours for ~45% of the 

tested isolates (9), after 48 hours for 14% (3), 

72 hours for 23% (5), and after 96 hours for 

18% (4 isolates). 

All of the sugars added to the YMB medium 

were assimilated by the isolates (Figure 1). 

Optical density measurements showed that 

glucose, fructose, mannose and maltose 

provided good rhizobial development for most 

isolates; while a reduced growth was observed 

with lactose. 

All the isolates tolerated low concentrations 

of the six heavy metals tested. But, at higher 

concentrations, the isolates were negatively 

affected (Figure 2, Table 2). 

High tolerance was recorded against 

Arsenate (As), mercury (Hg) and Chromium 

(Cr). Low tolerance was recorded for Copper 

(Co) and for high Nickel (Ni) concentrations 

(>40 µg mL
-1

). 

All studied isolates had normal growth at 

pHs 4.8, 5.8 and 8.8 (Table 2). 
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Figure 2. Tolerance of the twenty one isolates to different concentrations of heavy metals. 

 

Table 3. Polymorphism obtained from two different primers couples (2a/2s and 3a/2s).  

2a/2s 3a/2s 

Groups Band‟s number Groups Band‟s Number 

1/ As F, As Ag 2, As A1, As 

T1, As A2 

4 1/  As F, As Ag 2, As A1, 

As T1, As A2 

3 

2/ Mol, As Ag 5, As Ag4, Mel 2 2/ As SY,  As Ag3, Mol, Mel 7 

3/  Cyc 3 3/  Cyc 2 

4/ As L‟2 1 4/As Ag1 5 

5/ As Ag 3, As S.Y, Mel‟ 4 5/  As L‟2 3 

 6/  As L2, Mel‟ 2 

7/  As Ag 5 4 

8/ As Ag 4 2 

 

All isolates tolerated salt stress at 2% NaCl. 

Moreover, fast-growing isolates were 

generally more tolerant of high NaCl 

concentrations than slow growing ones (Table 

2). 

Most of the isolates were able to grow from 

6 to 37°C with optimal growth temperature 

between 14 and 37°C (100%). However, 

76.19% of the tested strains were able to grow 

at 6°C, 26.31% at 44°C and 14.28% at 54°C 

(Table 2).  

A preliminary study of isolate‟s 

polymorphism by Random Amplification of 

Polymorphic DNA (RAPD) using two 

different primer pairs (2a/2s and 3a/2s) 

showed that: 

The isolates: AsF, AsAg2, AsA1 and AsA2 

had the same profile (Table 3). 

Mol and Mel isolated from two different 

acacia species [A. mearnsii (Mol) and A. 

melanoxylon (Mel)] also had the same 

polymorphism profile. 

Similarly, isolates AsAg3 and AsSY gave the 

same RAPD profile (Table 3). 

Based on these results, a representative 

isolate was selected from each group for 

sequencing. 

Sequencing and comparison of the obtained 

sequences with those available in databases 

using the BLASTn program indicated that the 
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Figure 3. N percentage and shoot total N of A. saligna inoculated with different rhizobial tested isolates 

(the bars correspond to the standard deviation). LSD %N= 1.44%, LSD total N= 2.11 mg plant
-1

. 
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isolate AsAg2 can be assigned to the Genus 

Bradyrhizobium at 99% identity. Moreover, 

isolate AsT2 can be assigned to the Genus 

Brevundimonas at 99% identity. Both isolates 

were sequenced in the innovation city 

(USMBA).  

The other strains were deposited in the 

Coordinated Collection of Moroccan 

Microorganisms (CCMM) and identified as 

Rhizobium radiobacter, respectively, for Mol 

isolate (B79) and AsSY isolate (B82) and as 

Rhizobium sp. for AsT isolate (B83). 

Results of shoot dry matter yield showed a 

highly significant difference between 

inoculated isolates (P= 0.0005) (Figure 3). 

Inoculation with AsF and AsAg1 isolates 

induced a better plant growth with a shoot dry 

matter of 2 times and 2.5 times those obtained 

for plants inoculated respectively with AsK 

and AsL, which proved to be less efficient. 

Then, AsAg2, AsSY and AsA2 gave yields 

approaching twice those obtained with As L. 

Finally, AsT, Mol, As Ag3 and Mel gave 

yields of about 1.5 times the yield obtained 

with the isolate AsL. 

Roots dry matter yield also showed highly 

significant difference (P= 0.0146) between 

inoculated isolates (Table 4). AsAg1 showed 

the highest Root Dry Weight (RDW), which 

was 1.35 times of that shown by AsA and AsF, 

about 1.5 times of that found by AsT, AsAg2, 

AsSY, Mol, AsK and AsAg1, about 2 times 

that of Mel and 2.85 times that of AsL which 

showed the lowest RDW. 

A highly significant difference was observed 

for nodulation parameters between inoculated 

isolates [P= 0.0004 for Nodule Number (Nod 

N) and P= 0.0090 for Nodule Dry Weight 

(NDW)]. As F gave the highest Nod N which 

was 1.4 times that obtained by As Ag1; about 

1.6 times that obtained by AsK, more than 

twice those formed by AsA2 and Mol and 

more than 3 times that found with inoculation 

by AsL (Table 4).  

The highest NDW was obtained with the 

isolates AsF and AsAg1, for which NDW was 

1.15 times that obtained for AsAg2, about 1.35 

times that of AsT, 1.5 times that of AsAg3, 

more than 75% higher than Mel, about 100% 

higher than those obtained by AsAg3, AsA2, 

Mol, and AsL, and about 170% higher than 

AsK.  

Furthermore, nodules were observed in A. 
saligna inoculated with Rhizobium isolates 

from other species (A. mearnsii and A. 
melanoxylon). They were more efficient than 

isolates obtained from the same acacia species, 

including AsK and AsL. 

The percentage of nitrogen in the aerial parts 

varied from 1.9% for AsL to 3.9% for AsT, 
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Table 4. Growth‟s parameters (SDW: Shoot Dry Weight, RDW: Root Dry Weight), Nodule Number 

(Nod N) and Nodule Dry Weight (NDW) values of Acacia saligna inoculated by twelve studied 

isolates.  

Inoculated strains SDW (mg Plant
-1

) RDW (mg Plant
-1

) Nod N/Plant NDW (mg Plant
-1

) 

As F 175.33±7.75 56±13.11 36.67 ± 1.2 17 ± 2.89 

Cyc 143 ±  10.69 48.33 ± 7.17 23 ± 2.65 9± 2 

As Ag1 178.33 ± 15.65 76 ± 9.61 25.67  + 3.28 17± 0.58 

As S.Y 131 ±  8.69  50.33 ± 5.04 29.67 ± 1.86 12 ± 2.89 

As T 109.67 ± 3.18 63 ± 6.03 31.33 ± 1.76 12.67± 3.28 

As K 94.33 ±6.64 46.33±4.91 22.33 ±3.53 6.33±1.69 

As A2 138.33 ±21.26 56.33 ±7.31 26.67 ± 5.24 8.33 ±1.20 

As Ag2 153.33 ± 20.28 55.33± 1.76 32.33+2.02 14.66±1.45 

As Ag3 105.33 ±17.64 53±3.78 18± 2 11±1.52 

Mol 107.66 ±3.75 46.66±5.45 24.33±4.05 7.83±0.44 

Mel 103.66±9.56 41.66±9.49 20.66±5.45 9.5±1.75 

As L 72±3.21 26.66±2.72 11±2.88 7.33± 2.4 

Statistical test P= 0.0005 P= 0.0146 P= 0.0004  P= 0.0090 

LSD 36.15 20.15 9.06 6.04 

 

 

 

without showing any significant difference 

between the different isolates at α= 5% (P= 

0.2557).  

While, the shoots total nitrogen content 

showed significant differences between the 

studied isolates (P= 0.0040) (Figure 3). Plants 

inoculated with AsAg1, AsF and AsAg2 

accumulated more nitrogen in their aerial parts 

(> 5 mg plant
-1

), followed by those inoculated 

by AsSY, AsT (> 4 mg plant
-1

); Mel, AsAg3, 

Mol and AsK (3 mg plant
-1

< total N< 3.5 mg 

plant
-1

), and finally AsL (< 1.5 mg plant
-1

). 

Moreover, good correlations were obtained 

for aerial dry matter yield with total nitrogen 

content (0.85) and nodule dry weight (0.51), 

respectively, and between NDW and total N 

(0.54).  

DISCUSSION 

In this research, we tried to identify and 

study the phenotypic and genotypic 

characteristics of rhizobial isolates nodulating 

Acacia. The tested isolates were confirmed to 

form nodules in Acacia saligna.  

The morphological characteristics observed 

for these isolates and their colonies appearance 

were consistent with Rhizobium characteristics 

(Vincent, 1970). Furthermore, the very low 

Congo red absorption by studied isolates 

enabled us to reveal their purity and to confirm 

their rhizobial characteristics according to 

Vincent (1970) and Jordan (1984). 

Results of the BBT test showed that 59% of 

the isolates were acid producing rhizobia and 

could potentially be fast growing rhizobia.  

The ability to use a wide range of 

carbohydrates as carbon source is consistent 

with previous works (Vincent, 1970; Jordan, 

1984; Lindstrom and Lehtomaki, 1988; 

Somasegaran and Hoben, 1994). The reduced 

growth observed with lactose could be 

explained by the necessity of its 

transformation to glucose and galactose before 

joining the glucolysis pathway, while the other 

carbohydrates join it directly. Otherwise, the 

tested isolates do not require mannitol as the 

only C source, which confirms the results of 

Struffi et al. (1998) who have also shown a 

difference in carbohydrate assimilation degree. 

The tolerance to low concentrations of heavy 

metals and the sensitivity induced by their 

high concentrations can be explained by their 

ability to affect microorganism‟s growth and 

physiology, especially for cadmium, lead, 

mercury, zinc, copper (Kopittke et al., 2005). 

Similarly, these metals could affect the 

processes of nitrogen fixation and legume 

nodulation. 

The high resistance to As, Hg, and Cr is 

consistent, in part, with the literature showing 
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that Rhizobium is resistant to high 

concentrations of As, Zn, and Hg (Carrasco et 
al., 2005) and discordant with the same study 

concerning the sensitivity to Cu and resistance 

to Cr. This could be explained by an 

adaptation of the studied isolates to Cr 

following a probable contamination of soil 

from which their original nodules were 

collected and by a loss of the plasmid 

containing resistance gene to Cu after a long 

storage. 

The isolates resistance to low Ni 

concentrations can be explained by its 

importance as an essential element for both 

rhizobia and host plants growth. 

Furthermore, the differences observed 

concerning the tolerance of our isolates to 

heavy metals and their previously proved toxic 

irreversible effect on rhizobial growth and 

symbiotic performance (Gillet et al., 1998) 

show the importance of determining the 

content of heavy metals in the soil before 

inoculation with any strain to ensure rhizobial 

resistance capacity, survival, and 

multiplication abilities in this soil.  

Tolerance to a wide pH range is in 

agreement with several previous studies which 

state that rhizobia grow at intermediate pH 

values (Vincent, 1982; Jordan, 1984; Jourand 

et al., 2004). Tolerance of rhizobia to acidic 

pH was shown by other authors (Graham et 
al., 1991; Maatallah et al., 2002), who 

indicated that calcium increases the capacity of 

several Rhizobium to survive in acidic soils. 

Moreover, Graham et al. (1994) reported that 

the cytoplasmic pH of acid-tolerant strains is 

less strongly affected by external acidity, due 

to the rhizobial ability to maintain intracellular 

pH between 7.2-7.5 even at external acidic pH. 

Differences in the lipopolysaccharide‟s 

composition or cellular polyamine‟s 

accumulation have been associated with the 

cell growth in acid conditions (Brian et al., 

2007). The composition and structure of the 

outer membrane could also be a tolerance 

factor to acidic pH (Graham et al., 1994). 

Even if soil acidity provide a serious problem 

during different symbiosis steps (Hungria et 

al., 2000) and the microsymbiont is generally 

the most sensitive partner to pH, some 

rhizobial strains can tolerate acidity better than 

others (Graham, 2005). 

The salt tolerance observed is consistent 

with previous findings and can be explained 

by an adaptation mechanism consisting of 

intracellular accumulation of osmoprotectors 

(low molecular weight organic solutes) (Miller 

and Wood, 1996) despite the sensitivity of 

rhizobia to salinity, particularly during the 

symbiotic process.  

In addition, salt-tolerant strains can show 

their adaptation to osmotic stress by an ion‟s 

concentration increase and soil moisture 

variation during dry periods. The best 

tolerance observed for fast-growing isolates is 

consistent with previous studies (Küçük et al., 

2006; Berrada et al., 2012). So, these isolates 

may be suitable candidates for using in saline 

soils, which are frequently observed in some 

irrigated areas in Morocco and contribute 

largely to land degradation and desertification. 

Results of temperature tolerance are 

consistent with previous studies (Zahran et al., 

1994; Mohamed et al., 2000; Berrada et al., 

2012) which showed that rhizobia are 

mesophilic bacteria growing between 10 and 

37°C with an optimal growth temperature at 

28°C. Strains able to grow at high 

temperatures seem to have some tolerance 

mechanism such as the ability to produce a 

thermo-tolerant 65 kb protein which is not 

produced during water or salt stresses (Zahran 

et al., 1994). Moreover, the extreme 

temperatures do not affect bacteria in the same 

way in their natural habitat due to the soil 

components – micro-organisms interactions.  

The RAPD results were shown to be very 

useful to differentiate very closely related 

isolates. In fact, the results showed that those 

isolates could be regrouped into three major 

clusters including: AsF, AsAg2, AsA1 and 

AsA2; Mol and Mel; AsAg3 and AsSY. For 

every cluster discriminated by RAPD, one 

isolate was randomly selected for 16S rRNA 

gene sequencing. 

The molecular analysis results might suggest 

a variability of nitrogen-fixing bacteria 

nodulating Acacia saligna, which seems to be 

related to the geographical origin of their host: 

Mol and AsSY isolated from acacias growing 

in the Gharb region (Northern Morocco) were 

found to belong to the same species Rhizobium 

radiobacter, while AsAg2 from Agadir 
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(Southern Morocco) was affiliated with 

Bradyrhizobium sp.  

Moreover, these study results showed that 

Acacia nodules from the same provenance can 

contain a mixture of Rhizobium with other soil 

bacteria such as the case of nodules of the 

plant collected in Tangier for which Rhizobium 

sp. and Brevundimonas sp. were identified, in 

different nodules. Since, Brevundimonas sp. 

have not been previously isolated from legume 

root nodules, it can be suggested that 

Brevundimonas represent nodule endophyte 

which can increase nitrogen fixing ability and 

efficiency of Rhizobium. Indeed, the genus 

Brevundimonas was proposed by 

reclassification of two Pseudomonas species 

(Segers et al., 1994) and comprises 12 species 

of Gram-negative, aerobic, motile bacilli. It is 

generally an environmental organism and 

infrequently causes human infections. Several 

species of Brevindumonas have been 

previously reported in soil such as B. 

kwangchunensis, B. terrae and B. lenta (Yoon 

et al., 2006a; 2006b; 2007). Furthermore, a 

previous study showed that the co-inoculation 

of Bradyrhizobium japonicum and Phosphate 

Solubilizing Pseudomonas spp. significantly 

increased plants growth, yield, and nodulation 

parameters, as well as plants N and P contents 

in soybean (Argaw, 2012). Another study 

showed a synergistic interaction between some 

rhizobia and P. fluorescens, with biocontrol 

activity potential, which improved plant 

growth and/or suppressed damping-off disease 

in bean plants (Samavat et al., 2011). 

However, further studies remain necessary to 

precisely identify the Brevindumonas species 

and to determine clearly if it represents new 

nitrogen fixing bacteria or a nodule endophyte.  

Although AsSY, AsT2 and AsAg2 were 

isolated from the same species (Acacia 
saligna), they belong to different Rhizobium 

species. This might be explained by changes in 

the nature of rhizobia nodulating the same 

legume living in different geographical and 

climatic zones previously reported in other 

studies (Gu et al., 2007; Lafay and Burdon, 

2007). Thus, the nitrogen-fixing symbiotic 

interaction study in temperate regions of the 

southeast of Australia indicated that the 

majority of root nodules forming bacteria 

belong to Bradyrhizobium genus; however, 

some authors have suggested that, in dry areas, 

plant-microbe interactions are more likely 

dominated by faster-growing rhizobial genera 

such as Rhizobium (Hoque et al., 2011). Also, 

a previous study conducted by Lammel et al., 
(2013) showed that the roots of exotic A. 

dealbata were nodulated only by 

Bradyrhizobium sp. genotype.  

Another study showed that A. saligna was 

also nodulated by Rhizobium variable 

populations in North and South of Algeria, but 

slow-growing strains of Bradyrhizobium 
japonicum and B. betae were principally found 

in the north, and fast-growing strains of 

Sinorhizobium meliloti and Sinorhizobium 
gallicum were found in the south (Amrani et 

al., 2010), which is discordant with our results. 

Anyway, among the different acacia species, 

A. saligna was found to be efficiently 

nodulated by soil rhizobial populations which 

are widespread in North Africa where the 

species was introduced more recently (Breton 

et al., 2008; Amrani et al., 2010). 

In addition, species of Rhizobium 

radiobacter (previously named 

Agrobacterium) were also detected in this 

study. Some authors have reported that this 

species contains two types of agrobacteria, 

Agrobacterium radiobacter (avirulent) and A. 

tumefaciens (tumor forming) (Young et al., 

2001; Willems, 2006). Bala and Giller (2001) 

found that some acacia species were able to 

form effective nodules with agrobacteria 

isolates. Agrobacterium strains have been 

isolated previously from nodules of Acacia 

mellifera and Acacia nilotica (Rincón-Rosales 

et al., 2009). Odee et al. (2002) indicated that 

agrobacteria were often found in association 

with root nodules as a co-occupant with 

rhizobia.  

The results of isolate‟s symbiotic 

effectiveness showed not only a differential 

effect of the studied isolates on Acacia 

seedlings growth but also a significant 

diversity of rhizobia in Moroccan soils. 

Indeed, isolates AsAg3, AsAg1 and AsAg2 

were all from Agadir region, but showed 

significantly different dry matter yields; with a 

respective increase of 16 and 69% for AsAg1 

and AsAg2 compared to plants inoculated by 

AsAg3.  
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In addition, isolates from nodules of the 

same plant species (A. saligna) having 

geographical origin variability, showed  yield 

difference: of 1.46 times than that showed by 

AsK (Kenitra) and 2.44 times that given by 

AsL (Larache). 

Differences of nodule parameters suggest the 

existence of differences in efficiency between 

the studied isolates. Moreover, nodulation of 

A. saligna by isolates from other acacia 

species and their high efficiency confirm that 

it is promiscuous with broad host spectrum 

and a relatively moderate specificity for 

Rhizobium. This is consistent with previous 

findings (Dreyfus and Dommergues, 1981; 

Duhoux and Dommergues 1985; Sanginga et 

al., 1987). 

Furthermore, it can be concluded that there 

is a great diversity of Rhizobium in Moroccan 

soils which is concordant with the dry matter 

yields results and confirm the need to exploit 

this diversity, to select high performing and 

especially well suited fixing isolates to 

extreme natural conditions. 

The highest dry weight yields, nodulation 

parameters, and accumulated total nitrogen 

were produced by AsF and AsAg1 isolates. So, 

it can be concluded that their nitrogen fixation 

efficiency was the best.  

Correlations existing between different 

parameters suggest that a fairly large part of 

the nitrogen accumulated by the studied plants 

comes from biological nitrogen fixation. 

Finally, our results showed diversity 

between root-nodulating bacteria of acacias 

trees based on their phenotypical and 

genotypical characterizations. Also, most of 

the rhizobial isolates tested appeared to be 

well adapted to harsh environmental 

conditions. Therefore, selection of efficient 

isolates can be a suitable tool for acacia 

inoculation which will be of major interest in 

ecological and economic programs to increase 

and enhance production and nitrogen fixation 

in semi-arid and arid areas. In fact, as a 

nodulating tree legume, acacia participates in 

improving soil stability and fertility through 

nitrogen-fixing symbiosis with both fast and 

slow growing rhizobial species (Dreyfus and 

Dommergues, 1981).  
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تنوع فنوتیپی و شنوتیپی و کارآیی هوسیستی ریسوبیوم های جدا شده از گونه اقاقیای 

 کاشته شده در هراکش

 رایبی، س. لبرازی، م. هوهنی، و م. اسواعیلیشبنبراهین، م.  ک. فکری

 چکیده

ریسيبیًم جذا شذٌ از چُار گًوٍ  21در ایه پصيَش، تىًع فىًتیپی ي شوًتیپی ي کارآیی َمسیستی 

( کٍ Acacia tortillisي  Acacia melanoxylon ،A. mearnsii ،A. salignaقیا )شامل اقا

در مراکش کاشت می شًد ارزیابی شذ. بٍ ایه مىظًر، رشذ ایه جذایٍ َای در محیط َای مختلف رشذ 

 (YMA،YMA-BBT ،YMA-RC ،(، شکل کلىی آوُا، مقايمت بٍ ػًامل تىش زا)درجٍ حرارت

ت ومک، ػىاصر سىگیه گًواگًن( ي ویس مىابغ کربىی مختلف بٍ ػىًان وشاوگر َای ، غلظpHاسیذیتٍ یا 

( ي RAPD) DNAفىًتیپی استفادٌ شذوذ. برای شىاسایی يیصگی َای شوتیکی از تکثیر پلی مًرفیکی 

استفادٌ شذ. کار آیی َمسیستی جذایٍ َای ریسيبیًم َا ريی اقاقیا با آزمًن  16S rRNAتًالی شوی 

جذایٍ  12( در شرایط کىترل شذٌ ارزیابی شذ.وتایج وشان داد کٍ  nodulationريی گیاٌ )گرٌ بىذی 
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 22، 14ي درجٍ حرارت َای  8/8تا  8/4جذایٍ قادر بٍ تحمل اسیذیتٍ بیه  21رشذ سریغ داشتىذ ي َمٍ 

وُا در درجٍ ساوتی گراد ي سٍ تای آ 44جذایٍ در  5درجٍ ساوتی گراد بًدوذ در حالیکٍ فقط  33ي  28،

درجٍ ساوتی گراد تًاوایی رشذ وشان دادوذ. بیشتریه مقايمت بٍ ػىاصر سىگیه برای آرسىات، جیًٌ ي  55

میکريگرم در  10جذایٍ تا غلظت  15کريم ثبت شذ يلی در برابر مس کمتریه مقايمت مشاَذٌ شذ) 

تردٌ ای از کربًَیذرات میلی لیتر مقايمت کردوذ(. َمچىیه، بیشتر جذایٍ َا قادر بًدوذ کٍ در طیف گس

َا رشذ کىىذ. ویس، تجسیٍ شوً تیپی جذایٍ َای آزمًن شذٌ حاکی از آن بًد کٍ می تًان آن َا را بر 

 Acacia( در سٍ خًشٍ اصلی دستٍ بىذی کرد. گرٌ بىذی ريی  RAPDمبىای پريفیل راپیذ )

saligna ٍػمذتا بٍ يسیلBradyrhizobium sp ٌبىذی ريی گًوٍ َای  اوجام می شذ در حالیکٍ گر

دیگر تًسط گًوٍ َای مختلف ریسيبیًم صًرت می گرفت. َر دي مطالؼات شوًتیپی ي فىًتیپی تىًع 

زیادی در جذایٍ َای ریسيبیًم َا وشان داوذ. ویس، در آزمًن کارآیی َمسیستی آشکار شذ کٍ دي جذایٍ 

As F يAs Ag1  تًاوایی زیادی برای تثبیت ویتريشن ريیAcacia saligna .داروذ 
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