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ABSTRACT 
 

Sixty isolates of Rhizobium were isolated from pea (Pisum sativum) and screened to 
characterize their cultural properties and observe their effectiveness on host legume. Rhizobium 
isolates showed characteristic pattern of reactions in respect of growth rate on different growth media, 
antibiotics, salinity concentrations, temperature degrees and pH. The effect of inoculations of 
Rhizobium isolates on nodulation, growth and nitrogen fixation of pea were assessed by a pot 
experiment on a sterilized sandy soil. Inoculation treatments comprised of Rhizobium isolates had 
significant positive effective and high positive correlations among the number and dry weight of 
nodules, nitrogen content and shoot length of pea. By advanced techniques like DNA, all rhizobia 
isolates were extracted and tested using REP primer to show the levels of similarity, considering each 
cluster representing a rhizobial genotype and serotype was studied by Fluorescent Antibody technique 
(FA). The study represented the more effectiveness isolates using molasses as carbon source and 
chitosan beads as a carrier with Rhizobium isolates from pea crop (Pisum sativum L.).   
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Introduction 

Pea is a favorite winter vegetable for the Egyptians and many people of the world for its high 
nutritional value, especially as it is rich in protein, phosphorus, iron and ascorbic acid. The area in 
Egypt is approximately 53874 acre. Rhizobia are the soil bacteria that form nodules in a symbiotic 
relationship with leguminous plants. There are two benefits that can arise from using pea (legumes) as 
a crop or in pastures. The first is the plant's independence of the soil nitrogen and secondly the 
potentially improved nitrogen states of the soil consequent to the use of the legume (Cartroux et al., 
2001). The nitrogen fixation of legumes could be improved by inoculation with effective Rhizobium 
strains, which increased nodulation and nitrogen fixing abilities (Herridge et al., 2002). 

Rhizobia have been utilized in agriculture to increase the yield of leguminous plants and also 
as a model system to study interactions among different domains of life. Field pea (Pisumsativuml.) 
has a potential as high yielding and short term crop with high crude protein content. It is being used 
for green vegetable, seed, pasture, silage, hay and green manure in different parts of world (Sessitsch 
et al., 2002; Samantha, 2011). 
Therefore liquid biofertilizers are an alternative solution to carrier based bio fertilizers types. 
Screening of rhizobial strains and growing them on large scale on shake culture using standard media 
has started in other countries in recent years. These liquid inoculants supplied to cultivators by 
impregnating them in nutrient enriched soil (Singleton et al., 2002; Tittabutr, 2005). The liquid 
formulation should contain not only the desired microorganism and their nutrients, but also special 
cell protectants or substances that encourage longer shelf life and tolerance to adverse conditions. 
(Balatti et al., 1991; Smith, 1992; Bala et al., 2011). 

For the preparation of bacterial inoculants, various carriers are being used. Peat and soil are 
being extensively used as carriers for rhizobia (Ballard and Charman, 2000; Mungai and Karubiu, 
2008). The survival of rhizobia in peat is quite high as compared to soil due to high organic matter 
content, better aeration and greater water holding capacity. However, good quality peat is not 
commercially available in our country. The carrier based biofertilizers are inexpensive and 



Middle East J. Agric. Res., 8(2): 675-683, 2019 
ISSN: 2077-4605 

676 

ecofriendly (Stephens and Rask, 2000; Date, 2001; Kaufusi et al., 2004). Besides it may be a failure 
due to the short shelf life, dosage quantity unavailability of good carriers, poor moisture retention and 
labor intensive (Fesenko et al., 1995; Boonkerd, 2002). 

The main objective of the present study is production of Rhizobium inoculant in cheap carbon 
source like molasses, which could serve as a superior carbon source for rhizobial growth and most 
activity isolates and testing the efficiency of the immobilized cells in pot experiment.  

 
Sample collection and Bacterial isolation 

Plant samples from major field pea growing areas of Egypt were collected for nodules 
trapping experiment. The collection sites are known to be cultivated field pea and had no history of 
Rhizobium inoculation nodulating felid pea; Plants of randomly from farmers pea were selected and 
the separated nodules from roots of pea were washed in fresh water and preserved in vial containing 
calcium chloride. Calcium chloride was used to soak the moist of the nodules that might cause rotting 
of the nodules. 

The collected nodules were surface sterilized by exposing them to 95% alcohol for 60 sec. 
Then the nodules were immersed in 0.1% Clorox for 3-4 min. These nodules were then washed six 
times with sterile water. The nodules were then crushed and streaked on YEM agar medium. YEM 
agar medium contained the following constituents: K2HPO4 (0.5g), MgSO4.7H2O (0.2 g), NaCl (0.2 
g), CaCO3 (0.2 g), mannitol (10 g), yeast extract (0.4 g), agar (20 g), and deionized water (1 liter). The 
pH of the medium was adjusted to 7.0 with HCl solution. The medium was inoculated with the 
Rhizobium strains and incubated for one week (Vincent, 1970).  

The developed Colonies of the strains on the medium were examined for their morphology 
and appearance. The YEM agar medium containing bromothymol blue indicator was used for 
identification of isolates (Vincent, 1970). The plates were incubated at 28 °C for 7 days. Single 
colonies were purified by repeatedly streaking on YMA plates. After 2 days, single colonies were 
individually stained by Gram staining, morphological and biochemical tests were carried out. Growth 
of rhizobial isolates on YEM was recorded every week. Fast-growing rhizobial strains produce acid in 
this medium, turning the color of the medium to yellow and slow growing rhizobia produce alkali, 
which turns the medium to blue (Somasegaran and Hoben, 1994). 

Cultural analysis were performed by testing growth at different carbon sources, pH values, 
NaCl concentrations, temperature and antibiotics concentrations in YMA medium at 28ºC. 

 
DNA extraction 

Total DNA was extracted using lysozyme-sodium dodecyl sulfate method of Godson and 
Vapnek (1973) as described in Sambrook and Russell (2001). DNA concentrations were determined 
spectrophotometrically by measuring the absorbance at λ260nm using UV-VIS Spectrophotometer, 
Model: UV-240 (Shimadzu, Japan). 

 
Polymerase chain reaction 

Repetitive element PCR (rep-PCR) was performed using primers targeting the highly 
conserved repetitive DNA sequences of the BOXA subunit, ERIC (enterobacterial repetitive 
intergenic consensus), and REP (repetitive extragenic palindromic) sequences. PCR amplification 
were done in thermal cycler, MJ Research PTC-100 (MJ Research Inc, MA, USA) using extracted 
DNA as a template. Amplification mixtures was prepared using Dream-Taq DNA polymerase 
(Thermo scientific) with 40 ng DNA of each strains, 0.2 mM of dNTPs and 20 pmol of each 
oligonucleotide primers. The PCR thermal profile was as follows: 5 min at 94°C (pre-denaturation); 
35 cycles of 40 sec at 94°C (denaturation), 40 sec at 56°C (annealing), and 1 min at 72°C (extension); 
followed by a final 10 min at 72°C (final extension). After the completion of PCR program, a portion 
of amplification products was analyzed by electrophoresis on 2.0% (w/v) agarose gels in 40mM Tris-
acetate, 1mM EDTA buffer. 

 
Fluorescent Antibodies (FA) method 

Application of fluorescent-antibody (FA) techniques to the study of rhizobia as free-living 
soil bacteria was explored. Antiserum to a particular strain of Rhizobium leguminosarum proved 
specific in both agglutination and FA tests. Within the Rhizobium leguminosarum groups, 2 of 60 
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strains were stained by the conjugate and these fluoresced brightly. The FA technique also detected 
antibody-reacting bacteria in a field soil whose rhizobial content was unknown. Fluorescent cells were 
probably Rhizobium leguminosarum, since nodules developed on Pea plants grown in the same soil 
sample and FA preparations of the crushed nodules proved positive.  

Antisera were prepared against two well infective collection strains coded 157 and 176. Four 
Rabbits were bled through the marginal ear vein after superficial treatment with xylene. The antigen 
and antisera preparations were according to Somasegran and Hoben, (1994).  

 
Rhizobial immobilization by chitosan 

Chitosan solution (2%) is prepared in 2% acetic acid solution and then the pH of the solution 
was adjusted to 5.0 using 2 M NaOH. 10 ml of the rhizobium culture was added to 10 ml of chitosan 
solution and added drop-wise into a beaker contains 10 ml mixture of NaHCO3 (10% w/v) and 
glutaraldehyde (5% w/v). The reaction mixture was gently stirred at room temperature until forming 
the porous chitosan beads with rhizobial culture embedded. The immobilized cells were filtered and 
washed several times with the suitable buffer solution. 

 
Effect of molasses addition on rhizobial growth 

Molasses were added at different concentrations, 0.2, 0.4, 0.6, 0.8 and 1% to the growth 
medium of Rhizobium leguminosarum isolates 157 and 176. Rhizobia growth was monitored by 
recording OD at 600 nm after 48 h of incubation at 28ºC.  

 
Pots experiment 

All isolates were assessed to determine their capability to promote nodule number, biomass 
production and N content of (Pisum sativum L.) in pots experiment under greenhouse conditions, Pot 
culture experiment was done according to Vincent (1970). 

  
Statistical analysis 

Data from each assay were tested for normality and homogeneity of variances for each 
variable and then assessed by SPSS version 12.0, using a significance level of p<0.05. Co-stat 
Statistics was used and the means for each treatment were compared. 

 
Results and Discussion 

Isolation and characterization of indigenous efficient rhizobia from the nodules of widely 
cultivated legume in Egypt, 60 rhizobial isolates (Table 1) were isolated from root nodules of Pea 
collected from different ecological areas of Egypt. All tested isolates were found to have circular 
colonies, 2-5mm diameter with regular borders, flat in elevation, creamy in color, showing 
intermediate to high production of mucus. After 3 to 5 day of growth on YMA at 28oC, all strains 
acidified the medium as indicated by growth on YMA medium amended with bromothymol blue in 
Berge's Manuel. All isolates belonged to Rhizobium leguminosarum genera. 

The results showed that the effect of different cultural conditions on growth of rhizobial 
isolates isolated from Green pea. The results obtained were depending on the concentrations and 
condition type also may depend on the Rhizobium species and even the isolate used. 

Results presented in Table (2) showed that the tested conditions were found to inhibit the 
growth of many rhizobial isolates particularly at higher one applied. However, some isolates were 
found to be resistant to the high concentrations. 

Green Pea rhizobial isolates differed in their tolerance to the various culture conditions. Table 
(2) illustrated  that 32 isolates were tolerant at pH 9,  21 isolates were tolerant at 0.2% (2gm/L) 
salinity, while 24 isolates found to be thermophilic isolates which can grow at 50ºC.  

Rhizobial isolates were tested for resistance or sensitive against different concentration (250, 
500, 750 and 1000 ppm) of six antibiotics. Data showed that all isolates were sensitive against 
amoxicillin (1000 ppm) except seven isolates. While, with penicillin (1000 ppm) forty isolates were 
resistant to it.  
By conducting a DNA extraction and rapid PCR experiment for isolates and through Fig. (1) and Fig. 
(2) the rapid PCR technique showed that isolate 176 was been different than other three isolates at the 
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genetic level. Also, serological studies using Fluorescent Antibodies (FA) method for isolates 157 and 
176 are illustrated in Fig. (3) 
Table 1: Biochemical and morphological tests of bacterial isolates associated with green pea from 14 

Governments. 

Isolate code 
Governorates 
and Location 

Gram 
Stain 

Motility 
Growth 

rate 
Catalase Oxidase 

pH 
range 

141, 142, 143, 144 Giza - + F + - A 
145, 146, 147 Alexandria - + F + - A 
148, 149, 150 Menia  - + F + + A 
151, 152, 153, 154, 155 Sharkia - + F + + A 

156, 157 
Kafr- 
ELSheikh 

- + F + + A 

158, 159, 160 Beni Suef - + F + + a 
161, 162, 163 Qalyoubia  - + F + + a 
164, 165, 166, 167, 168, 
169, 170 

Behera - + F + + A 

171,172,173,174,175,176 Noubaria  - + F + + A 
177,178,179,180 Fayoum - + F + + a 
181, 182, 183, 184 Ismailia - + F + + a 
185, 186, 187, 188, 189 Dakahlia - + F + + a 

190, 191, 192, 193, 
Menoufia –  
Quasna 

- + F + + a 

194, 195, 196, 197, 198, 
199, 200 

Gharbia - + F - + A 

F= fast, A = Acidity, a= alkaline 

Table 2: Growth retardation of Pea rhizobial isolates as affected by different culture conditions 
concentrations in growth medium. 

Culture conditions Isolates code 

pH=9 
143, 145, 147, 148, 149, 155, 157, 158, 159, 160, 162, 163, 164, 167, 166, 
168, 171, 173, 175, 176, 177, 183, 185, 186, 187, 189, 190, 193, 195, 197, 
198, 199 

Salinity NaCl (2gm/L) 
141, 142, 146, 149, 150, 155, 157, 158, 160, 162, 165, 166, 171, 176, 181, 
182, 187, 190, 194, 197, 198 

Temperature (50ºC) 
141, 144, 145, 150, 151, 152, 157, 161, 166, 167, 168, 173, 176, 177, 182, 
183, 184, 189, 192, 193, 197, 198, 199, 200 

Antibiotics 

Ceftriaxone 
(1000 ppm) 

149, 150, 152, 153, 155, 156, 157, 165, 166, 168, 169, 170, 171, 172, 173, 
174, 175, 176, 181, 182, 183, 184, 185, 187, 188, 189, 192, 197, 198, 200  

Penicillin 
(1000 ppm) 

141, 142, 143, 146, 147, 178, 153, 155, 156, 157, 158, 159, 160, 161, 162, 
163, 164, 166, 173, 174, 176, 177, 179, 180, 182, 183, 185, 186, 187, 188, 
189, 190, 192, 193, 194, 196, 197, 198, 199, 200 

Amoxicillin 
(1000 ppm) 

151, 157,166, 176, 179, 180, 197 

Thiamphenicol 
(1000 ppm) 

142, 143, 144, 145, 153, 154, 155, 157, 161, 162, 164, 165, 166, 171, 172, 
173, 175, 176, 177, 186, 187, 188, 197, 198, 199  

Gentamicin 
(1000 ppm) 

143, 144, 147, 150, 154, 155, 156, 157, 158, 159, 161, 162, 163, 165, 166, 
172, 173, 174, 175, 176, 177, 181, 187, 188, 197, 198, 199, 200  

Neomycin 
(1000 ppm) 

142, 143, 144, 148, 149, 150, 151, 153, 154, 155, 157, 162, 164, 165, 166, 
168, 175, 176, 177, 181, 186, 187, 188, 197, 198, 199  
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Fig. 1: Dendrogram for the sixty bacterial isolates. 
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Fig. 2: DNA banding pattern obtained from Rapid PCR technique, Lane (1) molecular weight of 
marker, Lane (2, 3, 4 and 5) isolates 57, 66, 97 and 76, respectively. 

  

Serotype 157 Serotype 176 

Fig. 3: Serotype for isolates 157 and 176 using Fluorescent Antibodies (FA) method. 

 
Table (3) represents the results obtained by immune fluorescence test revealed that a broad 

serological diversity within strains was recorded. Immune fluorescence (Table 3) observed that Fifty 
eight rhizobial isolates were tested against two antisera prepared strains 157 and 176 by immune 
fluorescence test. The antiserum for rhizobial isolates showed various results, no isolates intense 
homologous reaction with two serotype strains (157 and 176), while 22 isolates were homologous 
with 157 and 20 with 176. In addition, 16 isolates failed to react with both serotypes srains. 
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The same method was carried out by Kingsley and Bohlool (1983) they used (immune 
fluorescence, and intrinsic antibiotic resistance for characterize Rhizobium spp.). Cicerarietinum 
recorded that among 29 Rhizobium strains used in their study, four serogroups were distinguished. 
Arsac and Cleyet-Marel (1986) showed that, soluble and somatic antigens are concerned. With 
fluorescent antibodies (F.A.) it seems that the somatic antigens are mainly implicated. 
 
Table 3: Serogical results of sixty rhizobial isolates isolated from 14 governorates. 

Isolates 157 (serotype 1) 176 (serotype 2) 
145, 148, 152, 155, 156, 163, 169, 175,177,180,184, 189, 
192, 196, 199, 200 

- - 

143, 144, 147, 153, 154, 159, 161, 164, 167, 168, 172, 174, 
178, 179, 183, 185, 186, 188, 193, 195  

-   

141, 142, 146, 149, 150, 151, 158, 160, 162, 165, 166, 171, 
170, 173, 181, 182, 187, 190, 191, 194, 197, 198 

  - 

 
The obtained results revealed that, the growth was increased with the increase of molasses 

concentration in both isolates tested. In addition isolate NO. 157 gave the higher growth rate than 
isolate NO. 176 in all concentration. The highest OD value was 1.58 nm in 0.8% molasses (157) and 
1.0% molasses (176) respectively. Data recorded in Fig. (4) showed that the OD values indicating to 
growth of Rhizobium leguminosarum isolates were monitored by recording OD at 600 nm after 48h of 
incubation at 28 ºC, compared to control one. 

 

 
Fig. 4: Effect of molasses concentrations on rhizobial isolates growth. 

 
Data in Table (4) showed that the inoculation with immobilized rhizobial isolates had resulted 

in significant increase in plant dry weight, as the plant biomass increased from 4.14 g/pot to 4.67 
g/pot. Also, the results show that number of nodules 32.66 and 30 recorded a significantly reduced of 
nodules weight and numbers in the inoculated treatments. 
The nodule dry weight also has no significantly differences, it represent 0.88 g in the same treatments. 
However, the total plant nitrogen content in the last to treatments did not differ significantly being. 
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Table 4: Effect of chitosan on rhizobial isolates number of nodules, dry weight and total nitrogen contains. 
Isolates Number of Nodules Weight of Nodules Dry weight /Pot Total Nitrogen 

157 32.66a 0.88 a 4.14 b 32.66 a 
176 30.00b 0.88 a 4.67 a 32.66 a 

Control 0 0 2.14 c 15.23 b 
 

Conclusion  
Salt-stress is one of the major constraints to plant productivity in soils environments and 

isolation of effective rhizobia to inoculate the leguminous crop plants could be an important strategy 
to improve the efficiency of rhizobium-legume symbiosis and thereby productivity. After this study 
we can say that the effect of salinity on the growth and survival of different local and imported strains 
of Bradyrhizobium sp., results have shown that we obtained halophiles nitrogen fixers, peanut 
Rhizobium isolates which have improvement characteristics with salinity, Bradyrhizobium sp. has 
shown slight salt tolerance up to 2% NaCl, this could be attributed to the competitive potentiality of 
the strain used in the soil. Wherefore it is recommended to use it in salty soils, which greatly affected 
nodulation and symbiotic N2 fixation of plants grown in it. On the other hand, Molasses is a very good 
rhizobium alternative growth media, available and high content of nitrogenous compounds, 
carbohydrates. 
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