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Abstract: Among collected number of Rhizobium leguminosarum biovar phaseoli 1solates from Egyptian soils,
strains EBRI 2 and 26 nodulating common bean (Phaseolus vulgaris L.) effectively were examined for their
ability to nodulate and fix nitrogen with common bean (Phaseolus vulgaris L.) at high levels of potassium
nitrate or ammormum sulfate. The formation of nodules was markedly decreased with the increase of N dose with
the examined strains (44% reduction rate with strain EBRI 2 and 68% reduction rate with EBRI 26) at 80 ppm N
of potassium nitrate. The effect of nitrogen fertilizer was fluctuating on the nitrogenase enzyme, while the low
dose of N (20 ppm) was promoting the N -fixation, the high dose of nitrogen (80 ppm) inhibited nitrogenase
enzyme and suppressed nodulation. The same trend of results was observed at high levels of ammonium sulfate
while the nodulation was completely diminished at 180 ppm. The nodulation was eliminated totally at 160 ppm
N as potassium nitrate or 180 ppm N as ammonium sulfate with the two examined strains although the effective
Rhizobium strains are present in the rhizosphere of plant, giving indication that high nitrogen availability is an

umportant element controlling the success or failure of Rhizobium mmoculation in the field.
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INTRODUCTION

Common bean (Phaseolus vulgaris 1..) is one of the
most important legume crops due to its high nutritional
value as it can be used as green pods or dry seeds.
Common bean should form symbiosis life as the other
legumes with its symbiotic partner (Rhizobium strain)
however, this kand of symbiosis relationship have many
obstacles that responsible for the failure of nodulation.
The failure of nodulation i commen bean has been
reported by many authors and this due to many factors
[1-4], soil acidity [5,6]
incompatibility between rhizobial strains and host
plant [7-9], high temperature in the rhizosphere [10],
susceptibility to bacteriophage [11,12],

such as salinity of soils

loosing  of
symbiotic plasmids [13], defect in nod genes based on

genetic rearrangements between plasmid and genomic

DNA [14], low phosphorus [15], competition with native
thizobial strains [16,17] and high available nitrogen
[18-20]. Consequently, we did a lot of efforts to establish
a long term strategy to improve the nitrogen fixation with
common bean through selection of effective nodulating
common bean rhizobial strains and studying their genetic
stability and diversity [9], selection of most competitive
strains using the B- glucuormidase (gus) marker [17],
selection of the stramns more adapted to environmental
stresses such as saliity and alkalinity [1], improve
dual-strain inoculum of Rhizobium with some of
diazotrophs that increased the common bean nodulation
[20] and finally in this study we need to estimate the
available nitrogen level which stimulate and increase the
nodulation and nitrogen fixation with common bean,
in order to grantee the success of inoculation under field
conditions.
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MATERIALS AND METHODS

Rhizobium Strains and Growth Conditions: Rhizobial
stramms were 1solated from the root nodules of common
bean (Phaseolus vulgaris 1..) after surface sterilization
as described by Somasegaran and Hoben [22]. Strams
EBRI 2 and 26 were 1dentified as R. efli bv. phaseoli as
done by Shamseldin and Werner [23], based on the full
sequences of 165 rDNA that deposited in the Genebank
under accession mumbers (EY 221174 and AY 221177) and
the hybridization with #ifH gene [23]. Rluzobial strains
were grown in liquid or solid 20E medium [24] and were
kept in 50% glycerol at -70°C for further studies.

Growth of Common Bean (Phaseolus vulgaris 1.)
under High Levels of Available Nitrogen and Nodulation
Parameters: Seeds of the Egyptian common bean cultivar
(Giza 6 that obtained from the germplasm collection of the
Agriculture Research Center, El-Giza, Egypt were checked
by nicked eye to select seeds with the same size and free
from infection of disease. Then were surface sterilized by
soaking them in 70% ethanol for three minutes followed
by four minutes in 3% sodum hypochlorite and rinsed
several times with sterile water and left to imbibe for one
hour in sterile water and then were germinated on 1% agar
plates at 30°C. After germination, seedlings of five days
old were transplanted in sterilized Teonard jars with
vermiculite: perlite (1:1 v:v) as substrate and N-free
solution [24] under aseptic conditions. Different
concentrations of N as potassium nitrate or ammomnum
sulfate were sterilized by filtration and added to the
nutrient solution after autoclaving. Then seedlings were
moculated by adding 1 ml of rhizobial cultures with about
107 cells m1™" for each Leonard jar and jars were covered
with aluminum foil paper for two days. Condittions of
controlled growth chamber were mentioned in details by
Shamseldin and Werner [17]. Plants were harvested after
25 days from moculation at the beginning of flowering
stage. Acetylene reduction assays (ARA) were performed
as described by Bender and Rolfe [25]. Nodulation
parameters as nodule number, nodule fresh weight and
acetylene reduction records were statistically analyzed
using the least sigmificant difference test according to
Sendecor and Cochran [26].

RESULTS AND DISCUSSION
Under the intensification of agriculture policies

especially in developing countries such as Egypt, to meet
the mecreased demand of food, farmers use excessive
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amounts of nitrogen fertilizers in their farming systems
to increase the production of crops and this reflect
notoriously on nodulation and nitrogen fixation. In this
study, we are trying to know the level of available
nitrogen which stimulates the nodulation and nitrogen
fixation with common bean as important legume crop for
human nutrition in the poor countries. Therefore, strains
EBRI 2 and 26 that nodulated common bean and identified
as R. etli bv. phaseoli [23] were used to select the best
strain for giving high nitrogen fixation rate at high
nitrogen level mn the soil. Obtained results show that
nodulation was markedly reduced with the raising of
nitrogen fertilizer dose. This negative effect was observed
with both examined strains (Table 1). Nodule records were
93 and 120 nodules plant™ with strains EBRI 2 and EBRIT
26 without nitrogen application, while these numbers
decreased significantly to 52 and 3% nodules plant™ at
80 ppm potassium nitrate. These results are in the same
line with those noticed by Danso ef al. [27] who reported
the reduction in nodulation and inhibition of N, fixation at
80 ppm N with soybeann The same results were obtained
for nodule biomass with 512 mg without nitrogen addition
compared to 173 mg plant ~ at 80 ppm N for strain EBRI
2 and 488 mg nodule biomass reduced to 125 mg for strain
EBRI 26. At the application of 160 ppm N, there are no
nodules observed at all indicating that the nodulation was
suppressed completely. Both rhizobial inoculation and
nitrogen fertilization supported higher shoot biomass
production compared with the un-inoculated and un-
fertilized plants. The application of mtrogen fertilizer dose
of 160 ppm N was the most efficient in this respect. The
effectiveness values gave indication that the inoculation
with EBRI 2 plus 20 or 40 ppm N gave the best values
(68.1%) compared with the full N dose (100%) with a good
values also for nodule numbers, nodule and shoot
weights and acetylene reduction assay. Generally,
parameters of acetylene reduction decreased gradually
depending on the dose of mitrogen fertilized used.
Strikingly, the low dose of nitrogen (20 ppm) promoted the
nitrogen fixation (20.4 nm C,H, h™' mg nodules) compared
with the inoculation without nitrogen fertilization
(17.9 nmol C;H, h™ mg nodules) by both strains and
these results are in agreement with those obtained by
Eaglesham [28].

Results m Table 2 show the reduction m nodule
numbers under high available nitrogen as ammomnium
sulfate, the reduction rate was about (83% reduction) at
160 ppm N with the two examined strains. The same
trend of results was observed while the nodulation was
completely dimmished at 180 ppm N. The higher mhibitory
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Table 1: Nodulation and nitrogen fixation parameters of cultivar Giza 6 under application of potassium nitrate, 25 days after inoculation

No. of nodules FW of nodules mg FW of shoots g oM CoIl, h™!
Treatments plant™ plant™ plant™ Effectiveness % mg ! nodules
Control 0.0e 0.0d 5.1cb - 0.0c
Full dose N (160 ppm) 0.0e 0.0d 14.4a 100 0.0c
Tnoculated by EBRI2 93h 512a 8.3b 57.96 17.9a
Inoculated by EBRI 2+20 ppm N 69¢ch 375b 9.8b 68.2 20.4a
Inoculated by EBRI 2+40 ppm N 71cb 355b 9.8b 68.1 12.9ba
Inoculated by EBRI 2+80 ppm N 52d 173¢ 14.9a 103.4 10.7b
Inoculated by EBRI 2+160 ppm N 0.0e 0.0d 15.7a 109 0.0c
Inoculated by EBRI 26 120a 488a 6.8¢ch 47.2 17.7a
Inoculated by EBRI 26+20 ppm N 77b 286b 7.5b 52.1 21.0a
Tnoculated by ERRIT 26+40 ppm N 82b 254ch 8.6b 59.7 12.2b
Inoculated by EBRI 26+80 ppm N 38d 125¢ 10.0b 69.4 8.6b
Tnoculated by ERRI 26+160 ppm N 0.0e 0.0d 16.9a 1174 0.0c
L.8.D0.05 16.4 96.4 2.75 - 5.29

FW: fresh weight, % Effectiveness = fresh weight of inoculated plants or inoculated plus fertilized plants + fresh weight of full fertilized plants.

Table 2: Nodulation and nitrogen fixation parameters of cultivar Giza 6 with the application of nitrogen fertilizer ammoniurmn sulfate, 25 days after inoculation

No. of nodules FW of nodules mg FW of shoots g nM C.H, h™!
Treatments plant™ plant™! plant™ Effectiveness % mg ! nodules
Control 0.0f 0.0e 4.9dc - 0.0d
Full dose N (160 ppm) 0.0f 0.0e 13.2b 100 0.0d
Tnoculated by ERRI 2 88b 4952 4 68.2 18.2a
Tnoculated by ERRT 2+20 ppm N 71b 420b 2.3ch 70 21.5a
Tnoculated by ERRI 2+40 ppm N 62b 400b 89c 67 15.3ba
Inoculated by EBRI 2+80 ppm N 44d 295ch 11.%h 90 11.5b
Inoculated by EBRI 2+160 ppm N 15e 125d 14.2ab 107 1.5¢
Inoculated by EBRI 2+180 ppm N 0.0f 0.0e 15.2a 115 0.0d
Inoculated by EBRI 26 132a 512a 7.52¢ 64.5 19.0a
Inoculated by EBRI 26+20 ppm N 90b 460a 84c 63 22.3a
Inoculated by EBRI 26+40 ppm N 75b 365b 9.1c 69 13.7ba
Inoculated by EBRI 26+80 ppm N 45d 320ch 10.6b 30 9.2b
Tnoculated by ERRI 26+160 ppm N 22d 180d 17.3a 131 1.3¢
Inoculated by EBRI 26+180 ppm N 0.0f 0.0e 16.7a 126 0.0d
L.8.D0.05 12 83.5 2.95 - 4.85

FW: fresh weight, % Effectiveness = fresh weight of inoculated plants or inoculated plus fertilized plants + fresh weight of full fertilized plants

effect of nitrate than ammonium was reported by Ultimately, we conclude that the addition of
Straub ef al. [20] who mentioned that this attributed to a ammonium  sulfate has lesser negative effect on
direct competition between nitrate reductase and  nodulation and nitrogen fixation than potassium nitrate
nitrogenase enzyme for reducing power or this higher  and the application of 20 ppm N or 40 ppm N m addition
negative effect of mnitrate 18 due to the formation of  to rhizobial inoculation has not much negative effects on
nitrite as intermediate of nitrate reductase and the later nodulation and nitrogen fixation with common bean under
mhibits  the function of nitrogenase or leghemoglobin  the addition of potassium mtrate or ammomum sulfate,
[29]. Acetylene reduction assay was decreased with  giving indication that the inoculation can be success at
the increase of available mitrogen but the low dose of  low levels of N application (20 ppm and 40 ppm N) but it
N 20 ppm increased the nitrogenase enzyme. Inoculation can be suppressed totally at 160 ppm or higher levels of
with stains EBRIT 2 and EBRI 26 plus 80 ppm N were the N application. Our study also revealed that the completely
best treatments as they gave effectiveness of 103% and  success of moculation with Rhizobium stramns can be
70% of the full fertilized plants under application of  done in newly reclaimed soils that characterized by low
potassium nitrate while they gave 90% and 80% available mtrogen or m the arable soils that suffer from the
effectiveness with ammonium sulfate application. deficiency of soluble nitrogen.

77



10.

11.

12.

Am-Ewras. J. Agric. & Environ. Sci., 7 (1): 75-79, 2010

REFERENCES

Shamseldin, A. and D. Wermner, 2005, High salt and
high pH tolerance of new isolated Rhizobium etli
straing from Egyptian Soils. Current Microbiol.,
50:11-16.

Graham, P.H., 1992. Stress tolerance m Rhizobium
and Bradyrhizobium and nodulation under adverse
soil conditions. Can. J. Microbiol., 38: 475-484.
Bekki, A., J.C. Trinchant and I Riguad, 1987.
Nitrogen fixation (C,H, reduction) by Medicagoe
nodules and bacteroides under sodium chloride
stress. Physiol. Plantarum, 71: 61-67.

Saadallah, K., I.J. Drevon, M. Hajji and C. Abdelly,
2001.
salmity of N,-fixing common bean (Phaseolus

Genotypic variability for tolerance to
vilgaris). Agronomy, 21. 675-682.

Shamseldin, A., 2007. Use of DNA marker to select
well-adapted  Phaseolus-symbionts under acid
conditions and ligh temperature. Biotec. Lett,
29: 37-44.

Arons, SR. and P.H. Graham, 1991. Response of
R. leguminosarum bv. phaseoli to acidity. Plant and
Soil, 134: 145-151.

Long, S.R., 1989. Rhizobium-legume nodulation life
together in the underground. Cell, 56: 203-214.
Moawad, H., M.W. Abd El-Rahim and D. Abd
El-Haleem, 2004. Performance of Phaseclus bean
rhizobia in seils from the major production sites in
the Nile Delta. C.R. Biologies, 327: 445-453.
Shamseldin, A.A Y., P. Vinuesa, H. Thierfelder and
D. Werner, 2005. Rhizobinm etli and Rhizobium
gallicum nodulate Phaseolus vulgaris in Egyptian
soils and display cultivar-dependent symbiotic
efficiency. Symbiosis, 38: 145-161.

Karamja, N.K. and M. Wood, 1988 Selecting
Rhizobium phaseoli strains for use with beans
(Phaseolus vulgaris 1.) in Kenya: ineffectiveness and
tolerance of acidity and aluminum. Plant and Soil,
112: 7-13.

Dahar, B., K.K. Upadhyay and R.M. Singh, 1993.
Tsolation and characterization of bacteriophages
specific for Rhizobium leguminosarum biovar
phaseoli. Can. J. Microbiol., 39: 775-779.

Mendum, A.T., M.I. Clark and R.P. Hirsch, 2001.

Characterization of two novel Rhizobium
leguminosarum  bacteriophages from a field
release site of genetically-modified rluzobia.

AV, Leeuwenhoek, 79: 189-197.

78

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Neel, K.D., K.A. Vandenbosch and B. Kulpaca, 1986.
Mutation in R. phaseoli that lead to arrested
development of infection threads. T.
168: 1392-1401.

Girard, ML., M Fleres, S. Brom, D. Romero,

Bacteriol.,

R. Palacios and G. Davaila, 1991. Structural
complexity of the  symbiotic  plasmid of
Rhizobium  leguminosarum  bv.  phaseoli. ]

Bacteriol., 173: 2411-2419.

Powell, C.I.., 1980. Effects of phosphate fertilizers on
the production of mycorrhizal inoculum in soil-N,. T.
Agric. Res., 23: 219-224,

Anyango, B., K. Wilson and K. Giller, 1998.
Competition in Kenyan soils between Rhizobium
leguminosarum biovar phaseoli stramns Kim5 and
R. tropici CIAT 899 using the gus A marker gene.
Plant and Soil, 204: 69-78.

Shamseldin, A. and D. Wemer, 2004. Selection of
competitive strains of Rhizobium nodulating
Phaseolus vulgaris and adapted to environmental
conditions in FEgypt, using the gus-reporter
gene technique. World J. Microbiol. Biotechnol.,
20: 377-382.

Crespo, G.M., R. Kluson and E.C. Schroder, 1987.
Nitrogen levels and Rhizobium inoculation and yield
of native white bean Phaseolus vulgaris. . Agric.
Univ., Puerto Rico., 71: 1-6.

Miller, J.C.Jr,, I.S. Scott, K'W. Zary and O.3.K. Hair,
1982. The mfluence of available mtrate level on
nitrogen fixation m three cultivars of cowpea. T.
Agron., 74: 14-18.

Straub, P.F., G. Shearer, P.H.S. Reynolds, S.A. Sawyer
and D. Kohl, 1987. Effects of disabling bacteroid
proline catabolism on the response of soybean to
repeated drought stress. I. Exp. Bot., 48: 1299-1307.
Shamseldin, A., EE. Hafez, H. Abdelsalam and
D. Werner, 2007. Genetic biodiversity of common
bean nodulating rhizobia and studying their
symbiotic effectiveness combined with strams of
genus Azotobacter, Bacillius or Pseudomonas in
Egypt. Research J. Agric. Biol. Sci., 3: 184-194.
Somasegaran, P. and H.J. Hoben, 1985. Handbook of
Rhizobia:  Methods Rhizobium
Technology. Springer-Verlag, Heidelberg, Germany.
Shamseldin, A. and D. Werner, 2007. Presence of

Rhizobium etli bv. phaseoli and Rhizobiwm gallicum

i Legume

bv. gallictm in BEgyptian soils. World J. Microbiol.
Biotechnol., 23: 285-289.



24

25.

26.

27.

Am-Ewras. J. Agric. & Environ. Sci., 7 (1): 75-79, 2010

Wemer, D., I. Wilcockson and E. Zimmermann, 1975.
Adsorption and selection of rhizobia by ion
exchange papers. Arch. Microbiol., 105: 27-32.
Bender, G. L. and B.G. Rolfe, 1985. A rapid assay for
the Parasponia-Rhizobium symbioses. Plant Sci.
Letter., 38: 135-140.

Sendecor, C.W. and W.G. Cochran, 1978. Statistical
Methods, 6th, Ed. Oxford and FBH Publishing Co.
Calcutta, India.

Danso, SK.A., F. Zapata and K.O. Awonaike,
1990. Effect of post-emergence, supplemental

moculation on nodulation and  symbiotic

performance of soybean (Glycine max 1. Merrill)
at three levels of soil nitrogen. Appl. Environ.
Microbiol., 56: 1793-1798.

79

28.

29.

Eaglesham, AR.G., 1989. Nitrate inhibition of root
nodule symbiosis mn doubly rooted soybean plants.
Crop. Sci, 29: 115-119.

Becana, M. and I.L. Sprent, 1987. Nitrogen fixation
and nitrate reduction in the root nodules of legumes.
Physiol. Plant, 70: 757-765.



