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Monitoring variation among faba bean rhizobium isolates. Growth curve, 
exo-polysaccharides and antibiotic resistance
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Abstract: Three Rhizobium leguminosarum isolates were selected from forty root nodules of faba bean
plants sampled from different locations. Different types of growth were observed i.e., gum punctiform and

translucent, wet with flatter and dry with entire margin, small colonies namily M, IS and F isolates

respectively. The isolates derived from gum and wet colonies produced an acidic reaction, while the dry
ones produced an alkaline reaction. The exopolysaccharides (EPS) variation in production and viscosity

was  found  amongst  the  wet  isolate  (IS) and gum isolate (M) with compared with dry isolate  (F).
The intrinsic antibiotic resistance (LAR) pattern of 3 isolates to antibiotics inhibiting protein synthesis

Streptomycin, Kanamycin and Chloromphenicol were applied using antibiotic discs. At low antibiotics

concentrations until (30 µg disc ) of (IS) and (F) isolates were naturally resistance while (M) isolate has-1

less resistance. At 200 µg ml  of Streptomycin no growth was detected for gum isolate while wet and-1

dry isolates showed good yield 300 µg ml . On the other hand dry isolate showed continuous resistance-1

up to 400 µg ml  where gave slight growth. The wet and dry isolates resistance to streptomycin and-1

producing high amount of EPS while gum isolate sensitive to streptomycin and producing low amount of

EPS. On the other hand mixed inoculation of faba seedlings, the isolate specific characteristics remained

stable re-isolation from nodules. However, 45 and 25% of the nodules were found to contain a single
isolate of either streptomycin resistance or sensitive respectively. As well as 30% combined the

characteristics of both resistance and sensitive.  

Key words: Rhizobia, Growth curve, Exo-polysaccharides (EPS), intrinsic antibiotic resistance (IAR),

Faba bean.

INTRODUCTION

One of the limitations for culturing leguminous
crops is the lack of viable effective and compatible

rhizobial endophytes. The fields cultivated with faba

bean the association with Rhizobium leguminosarum is
responsible for a great part of the nitrogen incorporated

in to the soil. Therefore, in inoculation programmes, it

is necessary to utilize strains that are capable of
establishing and persisting in the soil and also have an

elevated efficiency of nitrogen fixation.  Exo-

polysaccharides (EPS) and proteins which are secreted
by rhizobia are necessary for functioning symbiosis .[14]

EPS play essential rate in the formation at the infection

thread and nodule development . Moreover, lipo-[26]

polysaccharides of Rhizobium  strains play a role in its

host-specific infection . In Bradyrhizobium japonicum[10]

soybean symbiosis, the exo B mutant producing
structuraly changed EPS induced nodules, in which

sign if ic a n t  a moun t ,  o f  phy toalexin glyco llin
accumulated . However, several techniques have been[27]

suggested for monitoring rhizobial behavior in relation

to symbiotic association strains identification intrinsic

antibiotic resistance (IAR) may indicate the ability of

Rhizobium to with stand antimicrobial substances

present in the soil. Resistance to streptomycin has been
one of the most frequently and markers for

rhizobium . The utilization of natural (resistance to the[6]

antibiotics increases the possibility of staining strains
more adapted to the soil conditions without

compromising the nitrogen fixation capacity of the

bacterium. In the present study using the production of
exopolysaccharides (EPS) and intrinsic antibiotic

resistance (IAR) markers distinguishing Rhizobium

leguminosarum isolates.

MATERIALS AND METHODS

Isolation and Purification of Rhizobium: Fo rty  roo t

nodules samples of faba bean were collected from

Ismailia, Monufia and El-Fayum Governorates to
isolate Rhizobium isolates. Three Rhizobia were

isolated from root nodules on yeast extract mannitol
agar medium (YEM) containing Congo red dye at final

concentration of 25 mg  as described by Vincent ,-L [36]

Rhizobia cultures were purified by streaking and
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maintained in pure culture by subsequent culturing. The
physical and chemical characters of 3 soil (Table 1)

were determined according to Black et al.  in the[4]

Center Lab., Fac. Agric., Ain Shams Univ. 

Infectivity of Rhizobia Isolates: Infectiveness and
effectiveness of the cultured isolates were carried out

according to Vincent . Broad bean seeds cv. Giza 3[36]

were surface sterilized by soaking in 5% hydrogen
peroxide for 3 min and washed several times with

sterilized water. Sterilized seeds were germinated on

1%  water  cotton  in  petri  dishes. The germinated
seeds were transplanted to grown hydroponically

nutrient  solution  in modified Gibson system .[36]

Twenty seedlings were inoculated by adding 2 ml of
YEM broth medium containing approximatly 1010

cell/ml per seedling. The plants were grown under 0.12

h light period (150-250 µE/m²/sec²) and 12 h darkness
at 22-30ºC five replicates for each isolate. Nodulation

2and nitrogenase activity (N -ase) in nodules were

determined by the method of acetylene reduction assay
described by Dilworth .[13]

The growth curve of each isolate was calculated as

follow. Each Rhizobium isolate was grown on 25 ml
YEM broth medium in 100 Erlenmeyer flasks and

incubated under continuous shaking (150 rpm) for 7
days at 30ºC. The cells for each isolate were

periodically harvested by contrifugation at 4ºC from

broth culture media and washed twice with sterile
water. The cells yield was determined periodicaly by

using spectrophotometer at 600 nm optical density

(Bausch and Lamb Spectronic 21). An aliquot of
cellular pellet was resuspended in 0.1 N, NaCl and

employed for the total protein. The protein content was

assayed according to the method of Bradford . [7]

Exo-polysaccharides (EPS) Determination: The EPS

quantification of Rhizobium isolates was determined
according to method of Gancel and Novel  with some[21]

modifications as recently described by Shamseldin and

Werner  where the YEM medium was supplemented[30]

2 2 3with MNCl  4H O (0.12 gL ) and CaCO  (1.19 gL )-1 - 1

and the pH was adjusted 7.0 with agitation at 800 rpm.

The total sugars content was determined by the phenol-
sulfuric acid method as described by Drapran and

Guilbot  using glucose as a standard. Culture[ 1 6]

viscosity was measured with Brookfield model Hbovll

Viscometer (USA) with spindle 4 on 50 rpm at 28ºC.

The viscosity was calculated as mPa-s.

Antibiotic Resistance: The intrinsic antibiotic

resistance of Rhizobia isolates to antibiotics i.e.
Streptomycin, Chloromphenicol and Kanamycin was

determined using antibiotic discs according to the

method of Josey et al. . Three concentrations 10, 20[24]

and 30 µg/disc of antibiotic tested were placed on the
surface of aga, YEM medium inoculated with 1 ml of

liquid culture containing about 10  cells mL  and then9 -1

the plates incubated at 30ºC for 5 days with 3
replicates for each treatment. The minimal inhibitive

concentration of each antibiotic as definited by the
formation of growth inhibition zones as indicated by

Bio Merieux . Antibiotics stock solution were prepared[3]

in sterilize distilled water of a concentration 20 mg/ml
and filter-sterilized.

The resistance of Rhizobium isolates to antibiotic

was tested. The antibiotic was added to YEM broth
medium to give the following final concentrations 0,

100, 200, 300, 400 and 500 µg/ml. One humdred

microliter of standard cell suspension for each isolate
(10  cell/ml) was spread over plates containing serial6

dilution of three antibiotics. Isolates were grown to

mid-logarithmic phase in YEM medium at 30ºC on a
rotary shaker incubator at 150 rpm. After 5 days of

incubation, the total protein content was determined by

the method of Bradrord . To obtain the antibiotic[7]

resistance derivative isolates, separatly grown colonies

were picked up to streak on YEM medium without

antibiotic, the cultures were incubated for 5 days at
30ºC on rotary shaker at 150 rpm. 

Efficiency of Resistance Isolates: Infectiveness of the

resistance and sensitive isolates were carried out

according to Vincent . Twenty faba bean seedlings[36]

growing test tube as indicated above were inoculated

with standard inoculum of resistant and sensitive

isolates (10  cell ml ). Six weeks post-inoculation, dry6 -1

2weight of plants nodulation and N -ase activity were

determined as indication to inoculation response. As

well as competation between resistance and sensitive
isolates were studied.

Experiment  of  Competition  Rhizobium  Isolates:
Competition between res is t a nc e  a nd sensitive

Rhizobium  iso la tes for nodulation in present

streptomycen  (50  and  500  µg/ml )  were-1

determined  in  broth  medium. Standard cell

suspension (10  cell ml ) from each isolate as well as6 -1

mixing  of them to give a final concentration 1 x 106

cell/ml . Three  treatments  were applied i.e.- 1

resistance,  sensitive  and dual inoculation with
isolates. Broth medium tubes without inoculated

treatment as control. Cultures were incubated for 5

days at 30ºC on a rotary shaker (150 rpm). Twenty
faba bean seedlings growing in test tubes as indicated

above were inoculated with standard inoculum of

resistance and sensitive as well mixed inoculum. Five
replicates were made for each treatment. After 40 days

2determined plant dry weight, nodulation and N -ase

activity of nodulated plants.
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RESULTS AND DISCUSSION

Results:
Biochemical Symbiotic Characters of Rhizobium
Isolates:  Three representative Rhizobium isolates were
isolated from faba bean root  nodules.  They were
namely  M,  IS  and F, their biochemical and
symbiotic characters are presented in Table 2. Three
types  of  colony  morphology  for 3 isolates M,  IS,
F  were  observed  after 12 days of growth on YEM;
gum punctiform  and translucent (>2 mm); wet flatter
colony (>2 mm), and dry colony (<2 mm) respectively.
The dark nodules had dry colony type. A comparison
between the growth kinetics of 3 isolates grown on
yeast extract mannitol broth medium (YEM) with
continuous shaking (150 rpm)  during 120 hrs at 30ºC

in Fig. (1). It could  be noticed that symbiotic
characters of Rhizobium  isolates were not similar. For
all isolates the maximal biomass yield as shown were
obtained after 4 days post-inoculation, it is observed
that the isolates M high growth  rate  0.75, than IS
and F isolates 0.63 and 0.60 µg protein m .-1

Measurements in plant showed that the 3  isolates
were  capable of inducing nodulation (Table 2). Plant
dry weight, nodules number, dry weight of nodules and

2N -ase activity of M and IS isolates were significantly
higher than, F isolate. Positive correlation was observed

2between plants dry weight, nodules number and N -ase
activity. Isolate M gave high activity 876 followed by

2 4F and IS from 513 to 468 n modes C H h-1

respectively.

Table 1: Physico-chemical characteristics of the soils. 

Chemical analysis Mechanical analysis
Locality E.C. (mm ------------------------------------------------------------------   pH ------------------------------------------------------------------- Organic Total C?N 

hos cm ) Soluble anions* Soluble cations* (1: 2.5) Course Fin Clay Silt Ca Texture carbon % nitrogen % ratio-1

3HCO3 Cl- SO- Ca++ Mg+ Na++ K+ sand % sand % % % CO

Ismailia 0.9 2.48 7 1.94 2.06 1.8 7 0.5 8.21 43.6 20.2 51.2 19.22 3.33 Sandy clay 1.16 0.17 6.85
Monufia 10.64 2.23 98 17.01 18.03 19 77.5 2.5 7.9 25.3 17.77 15.5 2.25 20.06 Sandy loam 1.05 0.15 1.36
Fayum 0.9 2.48 7 1.94 2.06 1.8 7 0.5 8.21 58.6 15.8 42.2 1.61 1.06 Sandy clay loam 0.39 0.13 3.03
* meq L.

Table 2: Biochemical and symbiotic characters of Rhizobium  isolates.

Characters Biochemical Symbiotics in planta

------------ ------------------------------------------------------------------- --------------------------------------------------------------------------------------

Isolates Dry matter EPS Viscosity   No. of Dry matter N2 ase* activity

mg plant MgL Mpa.S nodules mPa.S mg plant n mol h  plant-1 -1 -1 -1- -1

Monofia 75.20±1.2 1175.5±7.6 95.27±2.5 14.50±2.25 0.109±0.01 876±7.50

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ismailia 54.25±1.5 1205.7±7.5 145.25±1.5 7.75±1.2 0.058±0.02 468±11.25

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Faium 70.75±1.2 475.5±9.5 35.75±3.5 8.50±0.7 0.063±0.05 513±11.75

EPS = Exp-polysaccharides 

+    = Standard deviation each value is the mean of five replicates. 

Exo-polysaccharides (EPS) Production and Viscosity:
The Rhizobium isolates appeared variations in the
amount of EPS production and viscosities. However, to
select  the  best  isolate for the competition,
experiment,  isolate  M  produced  high amount of
EPS (1175.5 mg L ) and IS (1205.7) and compared- 1

with F (475 mg mL ). The growth of isolate M on- 1 -

YEM  medium  after 4  days  developed  extracellular
gum  which  flow  over a large part of the agar
surface. While, isolate F produced only 475 mg/ml.
The superiority of isolate IS could be expected, since
it produced higher viscosities (145 m Pa.s) and M
produced  95.27 mPa.s while isolate F produced only
35 m Pa.s. (Table 2).

Influence of Antibiotics on the Growth of
Rhizobium: The  results  recorded in Table (3) and
Fig. (2-c) indicated that the antibiotic resistance
patterns are value in discrimination and identification
of  Rhizobium  isolates. At the low concentration (10
µg disc ) of antibiotic all isolates appeared resistance-1

profile. On the other hand the isolates appeard different

response at the high concentration of antibiotics, tested
isolate (IS and F), (M and F), (IS and F) appeared
higher resistance at 30 µg/disc to Streptomycin,
Chloramphenicol and Kanamycin respectively.

Biomass Yield of Rhizobium Isolates at Increasing
Concentration of Antibiotics: The growth of isolates
revealed difference responses in the presence of
Streptomycin. Three isolates showed good yield up to
100 µg m . With increasing the concentration of-1

Streptomycin up to 400 µg ml , isolate M no growth-1

was detected, IS isolate revealed growth intermediate
up to 300 µg ml . While F isolate showed continuous- 1

resistance up to 400 µg ml . However no growth was-1

showed with conccentration up to 500 µg ml  for all-1

the isolates. 
The three antibiotics used behaved differently

towards in inhibiting the protein synthesis. The results
presented (Table 4), it seems that isolate M appeared
resistance to Streptomycin at 100 µg ml  and-1

Kanamycin at 300 µg ml ; while it appeared sensitive-1

to Chloramphenicol. Isolate IS appeared resistance to
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Table 3: Inhibition growth zone  of Rhizobium  isolates in response to antibiotics. *

Antibiotics Streptomycin Chloramphenicol Kanamycin

--------------------- --------------------------------------------- ------------------------------------------------ ----------------------------------------------

20 20 20Isolates 10 30 10 30 10 30*

26.5Monofia (M) 28.50 25.75 23.27 19.26 10.35 23.23 20.31 19.81**

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ismailia (IS) 22.45 19.25 10.25 22.36 21.37 16.25 20.32 19.12 14.75

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Faium   (F) 25.15 20.25 10.50 22.45 20.48 10.15 25.41 19.12 10.21

*  Zone diameter (mm) equal of the diameter inhibition growth of isolate corresp o n-d ed  to  the minimal inhibitive conc. Of each antibiotic (Ch

<19, Ka <15 and St <13) as indicated in Bacteriologic antibiogramme (BioMerieux, 1988). 

** Diameter of inhibition antibiotic resistant isolates is writing with character bold font.

Table 4: Biomass yield of 4 Rhizobium isolates grown in yeast extract mannitol broth containing antibiotics. 

Antibiotic Antibiotics concentration (µg/ml) 

--------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------

100Isolates 0 200 300 400 500*

Streptomycin

M 115.5 6.75 0 0 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IS 95.7 40.2 30.0 8.7 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F 110.3 60.25 31.25 25.1 10.5 0

Chloramphenicol

M 115.5 0 0 0 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IS 95.7 0 0 0 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F 110.3 12.15 9.25 4.75 0 0

Kanamycin

M 115.5 13.15 8.5 4.25 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IS 95.7 10021 7.75 3.75 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F 110.3 0 0 0 0 0

*  YEM without antibiotics as control. 

** Biomass yield (protein µg ml ) calculated average of 5 replicates. -1

Table 5: Evaluation of Rhizobium isolates against Streptomycin based on some biochemical and symbiotic criteria. 

Criteria Biochemical Symbiotic

-------------------------- -------------------------------------------------------------- ---------------------------------------------------------------------------

2Isolates Level of resistance EPS Viscosity Dry weight   No. of N -ase activity

2 4Streptomycin (mg/ml) (mg/L) (mPa.s) (mg plant ) nodules (plant ) mol C H  plant-1 -1 -1

1Monofia M  30 1050 125 75.25 12 750.15

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2M 0 975 95 52.15 4 257.75

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1Ismailia IS   S 30 1125 110 89.25 8 570.72

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2IS   R 350 850 85 60.21 5 325.75

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1Fayum F    S 30 1175 115 80.27 4 250.21

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2F    R 300 925 98 60.75 7 472.61

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

3F    R 400 892 79 50.75 5 521.21

-    Symbiotic criteria were determined on 10 weeks old faba bean seedlings.

S = Sensitive isolate,  R = Resistance isolate,  EPS = Exo-polysaccharides

Streptomycin at 300 µg ml  while sensitive to-1

Chloramphenicol. On the contrary, isolate F appeared
resistance to Streptomycin at 400 µg ml  and-1

Chloramphenicol at 300 µg ml  while it sensitive to- 1

Kanamycin. Therefore a further evaluation of the
biomass yield of 3 tested isolates were conducted under
increased concentration of 3 antibiotics. 

Competition of Rhizobium Isolates: According to the
results from the previous experiment, some resistant
isolates to 3 antibiotics were still producer good
biomass yield and high amounts of EPS. On the
contrary, some sensitive isolates no growth were
detected and produced little amounts of EPS. As well
as  some  isolates for  mixed inoculation experiments
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Fig. 1: Growth curves of the three Rhizobium isolates grown on yeast extract mannitol broth medium (YEM) with
continuous shaking (150 rpm) for 6 days at 30ºC.

Fig. 2: Effectiveness of the three R. leguminosarum isolates.
C Roots of faba bean seedlings growing hydroponically in modified Gibson system. 1- Control  and  2-treated

with Streptomycin (100 µg ml ). -1

C Effective, 1 and un-effective 2 of faba bean nodules.
C Intrinsic antibiotic resistance (IAR) using inhibition zone Discs. 
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showed be resistance to high concentration of

2 2 3Streptomycin (Fig. 2-c), i.e. IS , F  and F  were

resistant to 350, 300 and 400 µg ml  Streptomycin-1

respectively (Table 5). Therefore their effectiveness and
infectivity on faba bean plants was tested to ensure that

these isolates have not last their symbiotic effectiveness
(Table 5 and Fig. 2).

The maintenance of Rhizobium isolates sensitive to

streptomycin were determined after a symbiotic step
through nodulation (Fig. 2-a). Some resistance isolates

(i.e. F3) produced high biomass yield and amounts of

EPS  in  the presence of Streptomycin up to 400 µg
ml , while neither growth nor EPS were detected with-1

the sensitive isolates M1 and M2. Therefore isolatees

IS1, IS2, F1, F2  and  F3  were  selected for mixed
inoculation (Fig. 2-c) and (Table 5). 

1 1 2 2 3IS  and F  sensitive isolates and IS , F  and F

resistance isolates were treated for their effectiveness
and infectiveness on faba bean plants. These isolates

were less symbiotically effective as shown in Table (5)

and Fig. (2) and successful nodulation with both

2isolates. N -ase activity of whole noduled plants

1 1 2 2 3inoculated with IS , F , IS , F  and F  produced 570,

72, 250.21; 325.75, 472.61 and 521.21 moles of
ethylene hr  plant respectively (Table 5). Mixed-1 –1 

2 3 1inoculation resistant (IS, F  and F ) with sensitive (M ,

1 1IS  and F ) isolates showed increase in nodulation and

nitrogen fixation).

Root nodules formed in mixed inoculation were
selected and their effectiveness were tested by the

presence of red color inside the nodules; large or small

nodules and wet or dry colons on YEM. These
characters provide a direct means of isolate recognition.

For example, single flat colonies accompanied by

coplous extracellular polysaccharide slime; dry isolates
from small colonies, punctiform with raised elevation

and not confluent. From these results, it is clear that,

45% re-isolated Rhizobia of total isolates; 25% re-
isolated root nodule Rhizobia correspond to the

sensitive isolate as well as 30% combined the

characteristic of both resistance and sensitive.

Discussion: Collected fresh large and clustered faba

bean nodules on the primary and upper lateral roots,
were examined and used for isolation during early

flowering stage. Three types of colony morphology
were observed after 10 days of growth on YEMA.

Similar data was observed by De Vargas et al.  and[12]

Girgis et al.  found the variant 5080 P isolated from[23]

Bradyrhizobium japonicum strain SEMIA 5080

produced punctiform and translucent colonies and was

markedly distinct from the colony morphology of the
strain SEMIA 5080 and from the other variant 5080 G

that showed abundant growth and acid production on

YMB agar. A comparison between the growth kinetics

of the three Rhizobium isolates grown on yeast extract
mannitol broth medium (YEMB) with continuous

shaking (150 rpm) during 120 hrs at 30ºC. It could be

noticed that growth patterns of the Rhizobium isolates
were not similar, but generally, showed a gradual

increase with increasing incubation time.
Measurements in planta showed that the three

tested isolates of Rhizobium capable of inducing

nodulation on the roots of faba bean plants. The ability
of legume crops to grow under stress of salt varied

greatly and depdnds on such factors as climate

conditions, soil properties and crop cultivars .[ 1 0 ]

Generally, salinity stress decreased nodule number,

fresh weight of both shoot and nodules as observed by

Bordeleau and Prevost . In all cases, the high pH had[ 5 ]

no determental effect on nodulation  compared to[18]

stress of salinity Subba Rao et al.  found that[34]

Rhizobium strains well adapred to form effective
symbiosis  with  their  hosts  at  saline  conditions

are  not  necessarily  obtained  from  saline  soils.

The intrinsic antibiotic resistance (IAR) patterns are of
dubious value in discrimination and identification of

Rhizobium isolates. The three antibiotics behaved

differently towards inhibiting the protein synthesis.
Under concentration 30 µg disc  of antibiotics, some-1

isolates showed resistance profile. Isolates resistance is
characterized by the formation of an inhibition zone of

growth, greater or equal to the diameter that

corresponded to the minimal inhibitory concentration
(MIC) of each antibiotic at 30 µg (Ch: <19, Ka: <15

and St: <13) as ind ic a t e d  in  B a c t eriologie

antibiogramme . However, isolates namely F was[3 ]

resistant to chloramphenicol, the M and IS were

resistant to kanamycin and isolates IS and F showed

resistance against Streptomycin. These results are in
accordance  with  the  finding  of Galiana  and[20]

Girgis et. al.  who tested the sensitivity of 20 isolates[23]

of  Bradyrhizobium sp. And 2 isolates of Rhizobium
sp. Against 7 antibiotics by using the IAR method.

They found that all Bradyrhizobium isolates were

resistant to 30 µg chloramphenicol, neomycin and
tetracycline but they were sensitive to 30 µg

kanamycin. These isolates showed variable sensitivity

to streptomycin at 10 µg, and 6 Bradyrhizobium
isolates  among  20  were  sensitive. On the other

hand, Rhizobium isolates were sensitive to tetracycline
(30 µg) and Streptomycin (10 µg). Indeed, those

Rhizobium isolates were sensitive to the ampicillin and

tetracycline though they were resistant to kanamycin;
in contrast to majority of Bradyrhizobium isolates used.

However, many workers confirmed such results which

showed that Bradyrhizobia are generally less sensitive
to antibiotics than Rhizobia . Although, IAR is a[9]

simple and useful characteristic which can be used for

screening Rhizobial and Bradyrhizobial cultures .[8,20,22]
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The results obtained by Kingsley and Bohlool[25]

indicated that even very closely related cultures can
differ in their LaR patterns. Our results are in
agreement with Girgis and Traore  who studied the[22]

growth  of the 12 tested coqpea Bradyrhizobium
isolates (isolated from Burkina Faso and Egypt) and
found  that  they  had  little affected by 8 inhibitors
for protein synthesis. 

It was appeared that isolates i.e., M, IS and E
were naturally resistant to chloramphenicol, kanamycin
and streptomycin at 30 µg disc  respectively, whiule- 1

the other isolates showed less resistance. Therefore, as
an example of inhibitors for protein synthesis, further
evaluation of the biomass yield of all isolated with
standard inoculum’s of each isolate and incubated on
a rotary shaker as mentioned before. The growth of the
tested isolates showed some difference responses in the
presence of streptomycin. With low concentration of
streptomycin (50 µg ml ), no growth was detected for-1

isolate M, while the others showed good yield up to
100 µg ml . With increasing the concentration of-1

streptomycin up to 200 µg ml , almost the majority of-1

the isolates showed intermediary yield. On the other
hand, the isolates IS and F showed continuous
resistance up to 300 µg ml . With increasing the-1

concentration up to 400 µg ml . However, no growth-1

was detected with concentration up to 500 µg ml  for-1

all the isolates. This finding is in accordance with that
of Borges et al .  who reported as the majority of the[ 6]

50 Bradyrhizobium japonicum isolates tested were
resistant to kanamycin  a nd  st re p tomyc in  in
concentrations below 100 µg ml , they were resistant-1

to chloramphenicol in concentrations equal to or above
100 µg ml , Abdel-Moneim et al.  studied the effect-1 [1]

of 9 antibiotics at 4 concentrations (50-500 ppm) on
the growth of 18 isolates of rhizobia. They found that
the antibiotics used, had behaved differently in
inhibiting the growth of the tested isolates. However,
they concluded that the sensitivity of Rhizobium

towards antibiotics seemed to be a specific property of
the isolates regardless of the species.

Rhizobial exopolysaccharides are species-specific
hetero-polysaccharide polymers composed of common
sugars that are substituted with non-carobohydrate
residues . The isolates showes the variations in the[33]

amount of EPS and viscosities production among tested
isolates. Isolate M produced high amount of EPS and
isolate IS low EPS were used in competitive
experiment. Exo-polysaccharides are known to be
essential for the establishment of a functioning

2symbiotic between the N -fixing bacteria and their host
plant . The poor infectivity and nodulation given by[17]

mutants have shown in roe fo r  R hizob ium
polysaccharides in determining host plant compatibility
defective in their production . Accumulating data[ 1 5]

suggest that exopolysaccharides may be involved in

invasion and nodule development, bacterial release
from infection threads, bacteroid deveopopment,
suppression of plant defense response and protection
against plant antimicrobial compounds. Furthermore, the
differences in colony morphology can be related to the
type and amoutn of exopolisaccharide. Larmucoid (LM)
and dry small (SD) colonies would be linked to DNA
homology groups I and II, while strains in group III
from large gummy colonies (I.W) .[19]

According to the results of resistant isolate, F was
still growing and gave slight growthbiomass as well as
moderate amounts of EPS in the presence of
Streptomycin up to 400 µg ml , while either no growth-1

or EPS were detected with the sensitive isolate IS.

5 RTherefore, isolates F  and F  were selected for mixed
inoculation experiment. In the present study our
experiment was designed to determine whether
bradyrhizobia isolates could maintain their biochemical
characteristics (i.e. streptomycin resistance and

polysaccharide p roduc t ion) following symbiotic
association. Strains that dominate nodules are
considered more sompetitive than other strains. Several
different techniques have been used to determine
nodule occupancy including fluorescent antibodies ,[20]

antibiotic resistance , plasmid profiles  and specific[35] [31]

gene probes . DNA markers such as the gus gene are[28]

especially useful techniques to mark rhizobial strain for
studying the  c ompetitiveness . Although the[ 3 0 ]

inoculated plants with streptomycin resistant isolate
were still able to produce effective nodules, significant

2reduction in nodule number, nodule size and N -
fixation were observed compared with these produced
by mother culture. Then, the infectivity and
effectiveness of the isolates were isolates were
remarkably decreased as results of the high
concentration of streptomycin. Streptomycin resistant

400strain namely R.Sa4 str.  was still able to produce
effective nodules in soybean plants. Moreover, positive
correlation was observed between plant dry weight,

nodules number and nitrogenase activity (Table 4).
These  data  are  in  agreement  with Abdel-

Wahab et al.  who indicated the presence of a positive[ 2 ]

correlation  between  resistance to streptomycin and

2N -f ix ing efficie n c y ,  a n d  t he  re s is t a n c e  to
chloramphenicol showed no direct effect on nitrogen
fixation and some mutants became non-effective.
Sinclair and Eaglesham  reported that resistance to 4[32]

inhibitors  of protein synthesis was associated with
little  or  no effectiveness in either fast or slow
growing strains. They found a positive correlation
between resistance to streptomycin and efficiency.
Girgis and  Traore  also showed that streptomycin[22]

may  be use d  to  se le c t  se nsitive cowpea
Bradyrhizobium isolates in symbiotic association with
Vigna unguiculata plants over a rage of 300-400 µg
ml  in gibson modified assay system. -1
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In this study the antibiotic resistance-mutants
selected  for  inoculation experiments have not lost
their infectiveness or their effectiveness in the
symbiosis with the host plants. These results are in
accordance with the finding of Girgis and Traore  and[ 2 2 ]

Girgis et al. .[23]
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