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ABSTRACT  
 

Two strains (EBRI 2 and EBRI 26) belong to Rhizobium etli species and one strain (EBRI 32) belong to 
Rhizobium gallicum were identified among 12 Rhizobium isolates isolated from nodulated roots of common 
bean (Phaseolus vulgaris L.). Pot experiments were carried out to select the high efficient nitrogen fixing 
Rhizobium strains and these results revealed that there is a high degree of strain-cultivar compatibility whereas 
strain CIAT 899 and TAL 1367 were the best forming nodules with Giza 3, strains EBRI 2 and EBRI 32 were 
the superior nodule forming with Giza 6 and strain EBRI 32 gave the highest nodule record with Giza xbB 201. 
The addition of nitrogen fertilizer was associated with reduction in nodule numbers with the examined strains 
especially at high levels of N (60 kg N fed-1) while the low dosage (15 kg N fed-1) promoted nodule formation 
with cultivar Giza 6. On the contrary, the application of phosphorus fertilization was markedly increased nodule 
numbers and dry weight with higher dose of Phosphorus. A field trial was applied in a clay soil characterized by 
high pH at El-Shohada, in El Menoufia governorate in the middle of Delta Nile Valley as a major productive 
site for common bean as dry seeds or green vegetables. Under field conditions, there was a response to 
inoculation with Rhizobium strains and the native Egyptian strains were equal in its effect for forming nodules 
except strain EBRI 2, gave the highest record while these native strains produced seed yield higher than those 
obtained by reference strains. 
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Introduction 

 
Common bean (Phaseolus vulgaris L.) is one of the cash crops for many small farmers in Egypt. This crop 

is either consumed locally or exported in winter seasons to Arab or European countries. As other legumes, 
common bean are expected to form nodules on their roots in areas where they are repeatedly cultivated, however 
unfortunately, such plants are poorly nodulated in Egyptian soils and worldwide even after inoculation with 
specific rhizobial strain (Graham 1981; Abdel-Ghaffar et al. 1981; Butterry et al. 1987). 

Nowadays, there are six species are identified and known as they able to form nodules and fix nitrogen with 
common bean (Phaseolus vulgaris L.) worldwide, including Rhizobium leguminosarum bv. phaseoli (Jordan 
1984), Rhizobium tropici (Martinez- Romero et al. 1991), Rhizobium etli (Segovia et al. 1993), Rhizobium 
gallicum and Rhizobium giardinii (Amarger et al. 1997) and Rhizobium lustinaum (Valverde et al. 2006). 
Moreover, some authors noted that there are other species of rhizobial strains that could form nodules on this 
legume host and this called promiscuous of nodulation in common bean (Michielis et al. 1998).  

It is widely accepted that the capacity for nitrogen fixation by nodulated legumes is influenced, by mineral 
nitrogen in the soil at least in two ways. First, the process of nodulation may be promoted by relatively low 
levels of available nitrate or ammonia second, higher concentrations of nitrogen always depress nodulation 
(Eaglesham 1989). Nitrogen fixation could begin earlier in plants sufficiently supplied with phosphorus and the 
poor nitrogen fixing rates are observed at low levels of available soil P (Graham 1981). Variability in responses 
to inoculation in Phaseolus vulgaris has been ascribed to unsatisfactory host-microsymbiont interactions 
(Graham 1981) and environmental agronomic factors. Consequently, in this work, we need to establish the 
benefits of symbiotic nitrogen fixation for using these high efficient nitrogen fixing strains with common bean 
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in the field, specially after selecting the high efficient, high tolerant to saline and alkaline conditions and 
competitive strains previously in laboratory (Shamseldin and Werner, 2004; 2005). 
Materials and Methods 

 
Bacterial strains: 

 
Native Egyptian bean Rhizobium isolates (EBRI 2, 26 and 32) were among twelve nodulating common bean 

strains were isolated from common bean nodules grown randomly in Egyptian ecosystems. Standard strains of 
Rhizobium tropici CIAT 899 and Rhizobium etli TAL 1367 were taken from the culture collection of D. Werner 
at Cell biology and Applied Botany, Philipps University of Marburg, Germany. 

 
Identification of native rhizobial strains: 

 
Strains EBRI 2 and 26 were identified as R. etli while EBRI 32 identified as R. gallicum as published by 

Shamseldin et al. (2005) based on the sequencing of full length of 16S rDNA and RFLP analysis. Sequences of 
these native Egyptian strains used in this study deposited under accession numbers (AY221174, AY221177 and 
AY 221178). These strains were re-identified as R. etli bv. phaseoli and Rhizobium gallicum bv. gallicum based 
on the copy number of nifH gene (Shamseldin and Werner, 2007). 

 
Common bean cultivar: 

 
Three common bean cultivars namely, Giza 3, Giza 6 and Giza xbB 201 were obtained from the institute of 

Vegetable crops Research, (Agricultural Research Center, Giza, Egypt). Seeds free from infected diseases 
checked by nicked eye were selected and washed several times with tap water to remove the residual of 
pesticides that used during the storage period. Seeds were surface sterilized and germinated for six days on 1% 
water agar plates and then seedlings were moved to pot experiment. 

 
Pot experiments: 

 
Plastic pots (24.5 cm dia, 20.5 depth) were filled with 7 kg pot-1 non sterile clay soils collected from the 

field that cultivated periodically with common bean. Seedlings of four old-day of common bean cvs. Giza 3, 
Giza 6 and Giza xbB201 were distributed in potting soil at a rate of 5 seedlings per pot then pots were thinned to 
3 seedlings after two weeks. Inoculation was prepared by growing Rhizobium strains in yeast extract mannitol 
(YEM) broth on a rotary shaker for 3-4 days at 28 °C to get a population density of ca. 10-8 cells ml-1. Three ml 
of broth cultures of each rhizobial strain was added to pot before cultivation of seedlings. Pots were irrigated at 
one week-intervals with tap water alternated with N-free nutrient solution of Broughton and Dilwarth 
(Somasegaran and Hoben 1985). N fertilization in the form of urea (46% N) was incorporated into soil at levels 
equivalent to 15 and 60 kg N fed-1 (feddan=4200 m2). After 70 days, plants were sampled to determine nodule 
numbers and dry weights. Biomass of plant shoots was determined after drying at 70 °C to constant weight. 
Shoots were then pulverized and digested to estimate nitrogen content after estimating the percent of nitrogen 
according method of Bremner (1965). To test the effect of phosphorus fertilizer on symbiotic nitrogen fixation 
the same conditions were applied except, pots were supplemented with supper phosphate at two levels of 350 
and 500 kg fed-1. Then plants were sampled to measure the same parameters in addition to phosphorus percent 
adopting the procedure of Jakson (1985). 

 
Field experiment: 

 
The trial aimed to evaluate the response of bean cv. Giza 6 recommended for cultivation in this area to 

rhizobial inoculation for proper bean production. Agricultural practices (ploughing and compacting of soil) were 
initially applied. Plot sizes were 7x3 m with 12 rows per each block. Peat-based inoculated seeds were drilled in 
row at seeding rate of 40 kg fed-1. Prior plantation the PK fertilization regimes recommended for the cultivation 
of beans in clay soils were applied as supper phosphate and potassium sulfate at rate of 350 and 70 kg fed-1 
respectively. The lay out of the experiment was complete randomize design with 6 replicates. Ammonium 
sulfate incorporated into the soil at a rate of 60 kg N fed-1 and this dosage was applied one half before 
cultivation and the second half before flowering stage. Samples were taken after 60 days to account nodule 
number, nodule dry weight, N uptake and shoot dry weight but plants were sampled again after 90 days to 
determine the seed yield. Analysis and characteristics of field site of experiment were listed in Table (1). 
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Table 1: Cemical characteristics of field site of experiment. 
Analysis Measured value 
Coarse sand (%) 1.30 
Fine sand (%) 20.2 
Silt (%) 16.5 
Clay (%) 62.0 
Texture Clay soil 
pH 7.9 
E.C 0.13 
Organic carbon (%) 0.20 
Total nitrogen (%) 0.23 
Total phosphorus (ppm ) 13 

 
Results: 

 
Symbiotic performance of rhizobial strains in pot experiment with the addition of nitrogen fertilizer: 

 
This experiment designed to study the complementation of rhizobial inoculation with different applications 

of nitrogen fertilizers and its effect on nodulation of three dominant cultivars of (Giza 3, Giza 6 and hybrid Giza 
xbB201) that they intensively cultivated in the major production sites of common bean in the Nile Valley Delta 
and Ismaylia region. Three native Egyptian strains (Rhizobium etli bv. phaseoli EBRI 2 and EBRI 26 and 
Rhizobium gallicum bv. gallicum EBRI 32) identified by Shamseldin and Werner (2007) and two standard 
strains Rhizobium tropici CIAT 899 and Rhizobium etli TAL 1367 were used in this study. Data in Table 2 
indicate that the raising of nitrogen fertilizer dose resulted in marked reduction in nodule dry weights with cv. 
Giza 3. The higher dose of nitrogen (60 kg N fed-1) eliminated the nodulation of strains EBRI 2 and EBRI 26. 
Strains CIAT 899 and EBRI 32 at such high dose of nitrogen gave little nodules while the nodulation by strain 
TAL 1367 was not severely affected at high dose of N compared to other strains. The starter dose of nitrogen 
(15 kg N fed-1) had adverse effect on nodulation by the tested rhizobial strains, but resulted in significant 
increase in shoot dry weight compared with inoculated none fertilized plants. Raising the N fertilizer to 60 kg 
fed-1 showed no significant increase in shoot biomass with the exception of strain EBRI 32. The un-inoculated 
beans showed however significant increase in shoot dry matter production with increasing nitrogen fertilizer 
application rate. The same trend was observed with plant nitrogen accumulation which significantly increased 
with starter dose application. Table (3) represents the various growth and nodulation characteristics of bean cv. 
Giza 6 as affected by rhizobia inoculation and N fertilization. As previously reported with bean cv. Giza 3, 
incorporation into soil of N fertilizer particularly the 60 kg N fed-1 dose negatively affected the legume 
nodulation where nodule biomass significantly decreased in the majority of cases. Rhizobial inoculation and N 
fertilization supported higher shoot biomass, Egyptian native EBRI strains 2 and 32 were the most simulative in 
this respect. Irrespective of N dose, un-inoculated beans contained the lowest quantity of N (82.3 mg plant-1). 
Inoculation markedly increased the plant N yield by 13.7- 47.8% being the highest with EBRI 26 and the lowest 
with CIAT 899. A unique nodulation response to mineral N was recorded with common bean cv. Giza xbB201 
where the rational dose of 15 kg N fed-1 together with inoculation did significantly magnify nodule biomass with 
increases of 75.5-182.5% over unfertilized plants (Table 4), such effect was less pronounced with local strain 
EBRI 32. Raising the fertilization rate to (60 kg N fed-1) showed depressive influence on nodule dry matter 
production.  

Giza xbB 201 among the applied treatments were comparable to those recorded for cvs Giza 3 and Giza 6. 
Irrespective of treatments, roots of common bean cv. Giza 6 beard the heaviest nodules (182.5 mg plant -1) while 
those of cv. Giza 3 produced very low nodule dry weights (29.5 mg plant-1). Response of plant-strain 
interactions was cultivar dependant where the EBRI 2 was the superior for cv. Giza 6 (327. 9 mg nodule plant-1) 
against strain EBRI 32 for cv. Giza xbB 201 (147.7 mg nodule plant-1). Similarly, nodule biomass due to applied 
N dose varied obviously from cultivar to another. Untreated bean cv. Giza 6 produced shoots of 85 and 60.9% 
higher in dry weight than those of cvs Giza 3 and Giza xbB 201 respectively. The distinguished productivity of 
untreated cv. Giza 6 over other cultivars was also recorded for treated ones whereas respective increases were 
58.6 and 41.6%. N fertilization whatever the dose, did support higher biomass yield of cv. Giza 6 (4.17-4.52 g 
plant-1) compared to cv. Giza 3 (2.38-2.8) and cv. Giza xbB 201 (2.95-4.01). 

 
Symbiotic performance of rhizobial strains in pot experiment with the addition of phosphorus fertilizer: 

 
Based on the previous experiments, three actively nodulating native Rhizobium strains (EBRI 2, 26 and 32) 

in addition to the standard strain Rhizobium tropici CIAT 899 were selected to study their effect on growth and 
nodulation of cv. Giza 6 in the presence of two phosphorus fertilization regimes. Data in Table (5) shows the 
nodulation parameter that improved with increasing P fertilizer level. The highest nodule dry weights were 
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obtained with the application of 500 kg supper phosphate fed-1 with strain EBRI 2. This strain gave the highest 
records of nodulation index, plant P concentration and shoot dry weight. This stimulating effect extended also to 
plant nitrogen uptake. With all inocula applied, fertilization with lower dose of P was also supportive for plant 
development but with lower extent compared to the higher dose. Plants received no P fertilizer showed the 
lowest biomass and N yield. Plant phosphorus content hardly fluctuated among the various treatments being the 
lowest un-inoculated beans (average of 1.6%) and the highest (1.9%) with those inoculated with CIAT 899. 
Regardless of inocula applied, raising the phosphate fertilization regime from 350-500 kg fed-1 increased plant 
phosphorus content by 2.24-36.6%. 

 
Table 2: Nodulation, dry matter and N uptake of bean cv. Giza 3 as affected by inoculation and N fertilization. 

Strains  N doses 
Kg 
fed-1 

Nodule dry weight 
mg plant-1 

Nodulation index Shoot dry weight 
g/plant-1 

N uptake 
mg plant-1 

 
Uninoculated 

0 0.00 0.00 1.50 21 
15 0.00 0.00 1.81 36 
60 0.00 0.00 2.56 57 

 
CIAT 899 

0 85.9 41.1 2.09 48 
15 9.67 3.96 2.44 59 
60 12.3 8.74 2.58 64 

 
TAL 1367 

0 97.7 41.1 2.38 52 
15 27.0 10.0 2.69 64 
60 22.7 8.18 2.77 66 

EBRI 2 0 35.3 14.7 2.41 50 
15 14.9 5.60 2.67 58 
60 0.00 0.00 2.80 69 

 
EBRI 26 

0 12.2 5.71 2.14 40 
15 12.0 4.76 2.52 51 
60 0.00 0.00 2.74 60 

 
EBRI 32 

0 50.0 24.1 2.08 41 
15 45.0 18.9 2.38 61 
60 5.33 1.89 2.68 64 

L.S.D. at  0.05  33.20 - 0.26 9.97 
 Nodulation index= nodule dry weight÷shoot dry weight. EBRI: Egyptian Bean Rhizobial Isolates. 

 
Table 3: Nodulation, dry matter and N uptake of bean cv. Giza 6 as affected by inoculation and N fertilization.  

Strains  N doses 
Kg 
fed-1 

Nodule dry weight 
mg plant-1 

Nodulation index Shoot dry weight 
g/plant-1 

N uptake 
mg plant-1 

 
Uninoculated 

0 0.00 0.00 2.34 45 
15 0.00 0.00 4.17 99 
60 0.00 0.00 4.42 103 

 
CIAT 899 

0 126 43.2 2.91 60 
15 113 25.2 4.50 110 
60 53 12.0 4.44 111 

 
TAL 1367 

0 207 69.1 2.99 97 
15 120 27.2 4.42 120 
60 15 3.33 4.47 114 

EBRI 2 0 503 149 3.37 117 
15 352 77.9 4.52 134 
60 128 28.4 4.50 114 

 
EBRI 26 

0 170 55.6 3.06 92 
15 61 13.8 4.39 101 
60 51 11.4 4.45 111 

 
EBRI 32 

0 447 176 2.54 79 
15 272 65 4.21 119 
60 120 27 4.49 119 

L.S.D. at 0.05  136.3 - 0.34 25.9 
 

Assessment of symbiotic performance of Rhizobium strains in the field: 
 
Results in Table (6) show that the experimental soil harbored indigenous rhizobia, this clearly shown by 

presence of few nodules on roots of control plants. Inoculaion with any of the tested strains resulted in 
significant increase in nodule numbers, nodule dry weight, shoot dry weight, N uptake and seed yield. The 
highest seed yield was obtained by strain EBRI 2 (789 kg fed-1) followed by TAL 1367 (761 kg fed-1). 
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Table 4: Nodulation, dry matter and N uptake of bean cv. Giza xbB201 as affected by inoculation and N fertilization. 

Strains  N doses 
Kg 
fed-1 

Nodule dry weight 
mg plant-1 

Nodulation index Shoot dry weight 
g/plant-1 

N uptake 
mg plant-1 

 
Uninoculated 

0 0.00 0.00 1.55 25 
15 0.00 0.00 2.41 50 
60 0.00 0.00 2.94 73 

 
CIAT 899 

0 68 37 1.81 34 
15 191 62 3.10 65 
60 35 11 3.13 83 

 
TAL 1367 

0 124 79 1.57 28 
15 260 68 3.82 97 
60 14 5 2.98 81 

EBRI 2 0 117 71 1.97 35 
15 261 75 3.50 101 
60 15 5 3.02 80 

 
EBRI 26 

0 94 48 1.66 30 
15 165 53 3.12 79 
60 0.0 0.0 2.95 75 

 
EBRI 32 

0 150 73 2.06 39 
15 338 85 4.01 111 
60 41 13 3.10 79 

L.S.D. at 0.05  38.1 - 0.05 24.75 
Table 5: Nodulation, dry matter and N uptake of bean cv. Giza 6 as affected by inoculation and P fertilization. 

Strains  P doses 
Kg 
fed-1 

Nodule dry weight 
mg plant-1 

Nodulation index Shoot dry 
weight 
g/plant-1 

N uptake 
mg plant-1 

P 
% 

 
Uninoculated 

0 0.00 0.00 1.42 21.4 0.16 
350 0.00 0.00 1.62 28.4 2.23 
500 0.00 0.00 1.87 31.4 2.28 

 
CIAT 899 

0 8 5.2 1.55 34.2 0.19 
350 38 18.1 2.12 64.2 2.76 
500 169 64.6 2.62 81.7 2.87 

 
TAL 1367 

0 32.31 19.8 1.63 32.3 0.20 
350 33.42 16.5 2.02 63.1 2.22 
500 297 91.3 2.94 89.1 2.90 

EBRI 2 0 11.7 7.8 1.49 33.5 0.24 
350 25.6 11.7 2.19 65.3 2.38 
500 114 50 2.29 67.6 2.85 

 
EBRI 32 

0 11 6.3 1.75 39.7 0.21 
350 30.5 13.5 2.26 60.6 2.91 
500 168 67 2.51 76.5 2.18 

L.S.D. at 0.05  104.7 - 0.28 17.6 0.52 
 
 Table 6: Nodulation, dry matter, N uptake and seed yield of bean cv. Giza 6 as affected by inoculation with effective rhizobial strains under  
              field conditions. 

Strains  Nodule 
number 

Nodule dry 
weight 
mg plant-1 

Nodulation index Shoot dry 
weight 
g/plant-1 

N uptake 
mg plant-1 

Seed yield 
Kg fed-1 

Uninoculated 
 

6 32 9.5 3.3 123.4 574 

CIAT 899 
 

25 150 31.9 4.7 150 680 

TAL 1367 
 

22 137 27.4 5.0 220 761 

EBRI 2 
 

35 170 32.7 5.2 230 789 

EBRI 26 
 

16 67 14.5 4.6 142 718 

EBRI 32 
 

23 105 21.9 4.8 193 753 

L.S.D. at 0.05 5 9.1 - 1.2 3.3 5.2 
 

Discussion: 
 
To establish a long term strategy to maximize the benefits of symbiotic nitrogen fixation with common bean 

under Egyptian soil conditions, a long scientific program was achieved by Shamseldin and his colleges 
(Shamseldin and Werner 2004; 2005) to select well adapted phaseolus symbionts that nodulate and fix N with 
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common bean under laboratory conditions and in this study we are trying to modify bean-rhizobia symbiosis 
system in the field. The symbiotic performance of five bean rhizobial strains with cultivars cvs. Giza 3, Giza 6 
and Giza xbB 201 under two nitrogen fertilization regimes showed that application of starter dose nitrogen (15 
kg N fed-1) and high dose (60 kg N fed-1) reduced nodulation compared to control, this also reported by Smith 
and Hume (1985); Rosas and Bliss (1986) and Buttery et al. (1987). Shamseldin and Moawad (2010) found that 
nodulation in common bean was inhibited totally at high levels of available nitrogen (160 ppm of N) although 
effective rhizobial strains survive in the rhizosphere of common bean roots. High levels of inorganic N, 
especially nitrate-N, have been shown to suppress nodulation of legumes (da Silva et al., 1984; Herridge et al., 
1984). It is generally accepted that when sufficient levels of nitrogen are present in the soil, nodulation is 
inhibited (Gentili and Huss-Danell 2003: Laws and Graves 2005). However, in Giza xbB 201 the starter dose of 
nitrogen promoted nodule formation. This confirms the results obtained by Izquierdo et al. (1985), Srivastava 
and Ormorod (1987). A moderate dose of starter-N has been demonstrated to stimulate seedling growth and 
subsequently N2-fixation (Herridge et al., 1984; Goi et al., 1993). With bean cultivars Giza 6 and XbB 201, the 
differences between inoculated and fertilized treatments in plant biomass and nitrogen yields were not 
significant. This indicates that inoculation with effective rhizobial strains supply the growing plants with their 
nitrogen requirements, similar results were obtained by Quintero et al. (1983). With cultivar Giza 3, nitrogen 
fertilization treatments were better than inoculation treatments, which agree with Osario and Freire (1982) who 
reported that the dry matter of shoots and nitrogen uptake increased significantly with increasing nitrogen 
application in beans. Strain CIAT 899 was superior for nodule formation with Giza 3 but strain EBRI 2 and 
EBRI 32 were the best with cultivar Giza 6. Strain TAL 1367 was the best with cultivars Giza 6 and Giza xB 
201, this certainly attributed to compatibility between the micro symbionts and the cultivar. These results are in 
agreement with those obtained by Shamseldin et al. (2005). In this respect also, Saparrow and Ham (1983), 
Long, (1989) reported that success of nodulation and nitrogen fixation occurred if the cultivar compatible with 
Rhizobium strains.  

Application of phosphorus fertilizer promoted nodule formation in cultivar Giza 6. Nodulation and nitrogen 
fixation with high dose of phosphorus (500 Kg supper phosphate fed-1) was better than with 350 kg fed-1 and 
these findings are in accordance with those of (Mahmoud et al. 1978; Gabor et al. 1982). The promoting effect 
of phosphorus application on nodule formation and nitrogen fixation is due to that P is a constituent in ATP 
structure, and each molecule of atmospheric nitrogen gas may need up to 40 molecules of ATP to be fixed as 
ammonium (Appleby, 1984). In the field experiment, the common bean cultivar Giza 6 showed positive 
response to rhizobial inoculation with increased seed yield than the un-inoculated plants. These results 
confirmed by Semu et al (1982) and Abdel-Nassar et al. (1986) reported that inoculation increased the seed 
yield over the un-inoculated and fertilized plants. Erman et al. (2009) found that inoculation of field pea with 
Rhizobium strains increased seed yield. The results of these work suggest that to improve the symbiotic 
efficiency and the full utilization of the symbiosis between rhizobia and their specific host plants as an alternate 
way to the nitrogen fertilizers requires understanding of the diversity, ecology and genetic background of both 
two partners, selection of host compatible cultivar with strains as well as studying the physiological behavior 
and competitiveness of these strains in the rhizosphere and studying their symbiotic performance under field 
conditions. 
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