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Assessment of Symbiotic Performance of Several
Bean Cultivars Inoculated With Their Specific
Rhizobia

H. Moawad and Wafaa M. Abd E)-Rahim
Agricultural Microbiology Department, National Research Center,
Cairo, Egypt .

GREEN house experiment was carried out to study the symbiotic
rformance of six rhizobial strains with five bean cultivars.
These studies were done in order to evaluate the response of these
cultivars 1o rhizobial inoculation and to assess competition between
the indigenous and inoculated strains. In these studies soils of two
different textures were used: a silty loam collected from Ismailia and
aclay soil from Giza region. The dual incculation generally produced
higher values of plant dry weight and nodule formation, and the duel
cultivar gave the highest values of plant dry weight in silty loam soil.
This cultivar gave the best nodulation and dry weight in clay soil in
the co-inoculation treatment using isolale Ph? and strain CE3.
Royallme! cultivar was the best in nodulation by dual inoculation with
Ph7 and strain CE3. The availability of nitrogen was critical for
nodulation success. The capability of strains to nodulate bean plants
differed with cultivar tested. The strain CE3 occupied more than 50%
of nodules in silty loam soil while it was less competitive in clay soil.
- All tested cultivars were nodulaled partially by native rhizobia.

Keywords : Bean, Rhizobia, Symbiosis, Egyptian soils.

French bean is one of the most important legume crops of the family
leguminaceae in Egypt, as well in Latin America and major parts Africa. This
crop, as are other legume plants are nodulated by nitrogen fixing organisms
belong to Family Rhizobiaceae (Jordon and Vincent, 1984). Today the rhizobia
include the genera Azorizobium, Bradyrhizobium, Mesorhizobium, Allorhizobium,
Rhizobium, end Sinorhizobium. Members of these genera belong to alpha
sub-class of the proteobacteria (Pablo er al, 1998). Improvement of common
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bean production in the Mediterranean area requires selection of effective
thizobial strains and bean cultivars well adapted to the conditions of the
semi-arid climate prevailing in this region (Itham er al, 2001). The common
bean (Phaseolus vulgaris 1.) is often subjected to various environmental
constraints in the soil) Kaouthar er gi., 2001). The characterization of Phaseolus
symbionts isolated from Mediterranean soils and analysis of genetic factors
related to pH tolerance have been studied (Priefer ef al, 2001). Sonia et el
{2002) evaluated the biochemical events in root nodules which increase yield,
when bean is inoculated with a Rhizobium etli mutant (CFN037). CFN037-
inoculated plants had 22% more nitrogen than did wild-type (CE3)-inoculated
plants. Manhart and Wong (1979) studied the nitrate reductase activity of some
species of rhizobia, and found that Rkizobium trifolii, R. phaseoli and R.
leguminosarum did not express nitrate reductase activities (NAR) in the root
nodules, but NAR was express when grown in the presence of nitrate. In
bacteroids of R. trifolii, R. leguminosarum, and R. phaseoli, high Ny~ fixation
activities were not accompanied by high NAR activities .

Maximizing symbiotic Ny fixation requires a greater understanding of the
ecology of plant-rhizobial systems. One of the major limitations in the study of
this symbiosis is the difficulty in recognizing strains of rhizobia in their natural
habitats. Several different techniques have been suggested for rhizobial strains
identification. Among them, intrinsic antibiotic resistance (IAR), (Moawad and
Bahlool, 1992). Khmel'nitskii and Zlotnikov (1982) studied the effect of several
antibiotics on rhizobia of four-fast-growing (R. phaseoli, R. leguminosarum, R.
trifolii and R. meliloti) and three slow growing rhizobia, (R. vigna, R. japonicum
and R. lupini). It was found that R. meliloti, R. japonicum, R. vigna and R. lupini
had multiple drug resistance.

The aim of this work was to study the performance of three rhizobial isolates
and three standard strains with specific bean cultivars as well as the
strain-cultivar  interactions using six-bean rhizobial strains and five
commercially used bean cultivars.

Material and Methods
Pot experiments were carried out ta study the symbiotic performance of six

rhizobial strains with five bean cultivars. Six rhizobial strains were tested in this
experiment. Three local isolates (Ph7, Ph9, Ph14) from Ismailia Governorate-
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Egypt were isolated from the nodules of field grown beans as described by
Somasegaran and Hoben . (1985) Foreign strains of bean rhizobia were
obtained from International Institute of Genetics and Biophysics (IIGB),
Napies, Italy. Wild-type strain CE3 and two of its antibiotic resistant mutants
are showed in Table 1.

TABLE 1. Genotype and antibiotic profile of reference strains.

Strain 1 Genotype | Antibiotic Profile
CE3 Wild type Nal

12012 Tn5 mutant Nal/Km

i TR(101) Wild type containing vector ] Nal/Tet

Local obtained strains were evaluated for their intrinsic antibiotic resistance
(1AR) pattern against 6 different antibiotics (Table 2). Stock solutions of most
of the antibiotics were prepared as 10mg/m! in sterile distilled water. Naladixic
acid was dissolved in 1M NaOH, while rifampicin and erythromycin were
dissolved in 95% ethanol. Appropriate volumes of the stock solutions were
added to sterilized yeast mannitol agar (YMA) medium (Somasegaran and
Hoben, 1985} at 50-600C. Single strains were inoculated using a sterile 21 pin
metal replicator on to the surface of petri dishes containing different
antibiotics. Petri dishes were incubated for 48 hrs at 28°C, and the growth was
scored by visual inspection as compared with positive controls on media
without antibiotics (Moawad and Bohlool, 1992). The antibiotic concentration
showing the maximal differences among isolates was chosen for further
analysis,

TABLE 2. Concentrations of antibiotics used for testing JAR pattern.

Antibiotics Abbreviation Concentrations
used (ug /ml)

Ampicillin Amp. 40

Nalidixic Nal. 50
Neomycin Neo. 10
Rifampicin Rif. _ 30
Spectinomycin | Spe. , 20
Tetracycline Tet. ‘ 5

L _J
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Bean Cultivars

Five Phaseolus vulgaris cultivars were used in this study, P. wvulgaris
Bronco, Royallmel, Paultista, Samamtha and Duel, all obtained from certified
germoplasm at the Institute of Vegetable Research Center, ARC, Ministry of
Agriculture, Egypt.

The experiment was done in plastic pots 25cm in diameter. These pots were
filled with 7 Kg of silty loam soil collected from the Ismailia region and a clay
soil collected from the Giza region. These two regions are the main sites for
bean cultivation in Egypt. The characteristics of used soils are showed in Table 3.

TABLE 3. Physico - chemical analysis of used soils .

Al;alyses/imcation Ismailia Giza N
pH 7.9 8.13
Ec (dSm-1) 0.15 0.27
Organic Carbon (%) 0.18 0.19
Organic matter (%) 0.31 0.32
Total nitrogen (%) 0.01 0.13
Available Phosphorus (ppm) | 6-2 10.8
Calcium (meq 100 g-1) 20 4.3
Magnesium {meq 100 g-1) 23 13.3
Texture - - silty loam | clay
Seed germination

Seeds of bean cultivars were surface sterilized by soaking in 75% ethanol
for 10 seconds, followed by soaking in 3% hydrogen peroxide for 3-4 minute.
Seeds were washed several times with sterile water and germinated in sterile
petri dishes containing wet sterile filter paper. After seed germination,
non-contaminated small seedlings were transplanted to the soils in pots. Bean
seedlings were thinned to two plants in each pot two weeks later.

Foreign strains and local isolates of bean rhizobia were grown in veast
extract mannitol (YEM) broth on rotary shaker for 3-4 days a1 28°C 1o a
population density of about 108 cells/ ml. Two mt of broth cultures of each
tested rhizobial strains were mixed with 250 m! of water and added to each pot
before cultivation. Two treatments without any inoculation, one without
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fertilization; and the other fertilized with nitrogen by the rate of 30 kg/acre
were included for comparison. Plants were gently uprooted and roots were
washed with tap water. 60 d after planting the location of nodules on roots
were determined and nodules were weighed after drying at 70°C to constant
weight.

Enumeration of rhizobia in used soils
Total rhizobial numbers in soils were determined using the serial dilution

(MPN) technique.

Assessment of competition

Nodules were collected from bean plants to estimate the most competitive
strains for nedule occupation, Nodules were washed several times with soap to
remove adhering particles of soils, soaked in 70% ethanol for 2-3 min, and
washed several times with sterile water. The washed nodules were picked into
one drop of sterile water and crushed to release constituents. Crushate of
nodules were streaked on YEM agar plates amended with Congo red dye.
Isolates were tested on YEM aga'r-aménded with antibiotics using a replica
platting technique to select strains resistant to antibiotics to differentiate
between native isolates and foreign strains.

In these studies several treatments were evaluated encompassing several
combinations of rhizobial mixtures, The treatments were as follows :
1 .Uninoculated plants.
2 .N-fertilized plants (30 Kg N/acre).
3 .Inoculation with strains Ph7 plus CE3.
4 .Inoculation with strains Ph9 plus 2012.
5 .Inoculation with strains Ph14 plus TR101.

Sixty days after planting, the following measurements were done: nodule
dry weight {(mg/plant) as indication to inoculation response, plant dry weight
(g/plant) as indication of plant growth response to inoculation and competition
for nodulation between strains CE3 and Ph7, based on nodule occupancy by
CE3 strain assessed by antibiotic marker.

The results of the experiment were statistically analyzed using analysis of
variance and Duncans Multiple range test Mstatc (Michigan State university).
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Results

Intrinsic antibiotic resistance (IAR) profiles were used to differentiate bean
rhizobia. The local isolates number Ph7, Ph9 and Phi4 had the same antibiotic
resistance pattern with ampicillin, neomyecin, rifampicin and tetracycline at 40,
10, 30 and 5§ pg/ml, respectively (Table 4). However, nalidixic at 10 ug/ml
inhibited growth of all three local isolates. Opposite to the pervious results,
with concentration 20 ug/ml of spectinomycin; isolates number Ph7 and Ph9
gave good growth, but isolate Ph 14 did not grow (Table 4).

Table 5 shows the nodulation and growth response of Bronco bean cultivar to
inoculation with six rhizobial strains in the two soils coliected from the major
bean growing areas in Egypt.

TABLE 4 . Rhizobial strains and their differentiating markers .

Strains Source | Intrinsic Antibiotic Resistance |

No. | (IAR mg/l) .
“Amp Nal.  Neo. Rif  Spe. Tet.

40) (50 (10 G0 @0 G

N T

i
Ph7 Ismailia . - - - + - !
PR Y Ismailia - - - - + - |
Ph 14 Giza C 4+ - + + - + :

TABLE S, Response of P. vulgaris cv Bronco to inoculation in two solls with six

Rhizobium strains.
o T sityleamseil | Claysoil |
Inoculation Plant dry Nodule dry Plint dry Nodule dry
Treatments ‘ weight weight weight weight

I L ¢ L1 119 ,gimwug(mm_ Amg/plant)
. ‘ il

Uninoculated 22K¢ lg8.2¢ 219¢ 289 b* :
N-fertilized 246 b t37.04d J3da 00d :
|
PLY+ 2012 247 b 1724 a 239h 16.6 ¢
PR7T+CE3 2124 i1315b .95 d 13924
Phi4+TRIOI  |260a 153.0 b 1140 d_rﬁ‘ip,o d

* Values have the same letter are not significantly different.
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The results show that Bronco cultivar performed better in the silty loam soil
than in the clay soil. The nodulation by native rhizobia was significantly
suppressed by N-fertilization in both soils, Nodulation significantly increased
in clay soil when inoculated with a mixture of Ph7 and CE3. However, the
nodulation was much lower than in the silty loam soil where the response to
inoculation was significant in all three inocula mixture treatments. The
treatment of Ph9+2012 gave the highest nodule formation. The growth
performance was also better in the silty loam soil than in clay soil. The
N-fertilization treatment was better than the uninoculated control in both soils.
The comparatively high plant biomass in uninoculated soils is due to the
presence of indigenous rhizobia in the soil; as the counts of rhizobia in both
soils showed that in the silty loam and clay soils contained 6X10% and 8X103
cells of rhizobia/g soil, respectively.

Table 6 shows positive plant dry matter accumulation with the Paultista
cultivar in all inoculation mixtures in silty loam soil, as compared with
uninoculated plants. The nodulation response, however, was not significantly
positive with the mixture of Ph7+CE3. This cultivar did not show positive
response to inoculation in the clay soil, and plant dry weight either was similar
or lower as compared with the control.

Table 7, shows that bean cultivar Royallmel responded significantly to
inoculation with the strain mixtures Ph9+2012 and Ph7+CE3 in both soils. The
dual inoculation with Ph14 plus TR101 induced significant increase in plant
dry weigh in the silty loam soil, while there not was an increase in plant
- biomass in the clay soil as compared with the uninoculated control. None of the
inoculant mixtures enhanced plant growth over the N-fertilized treatment. This
may be due to the rapid effect of N-fertilization on plant biomass accumulation
during the growth period of the plants (60d). The nodulation response was
significantly positive in clay soil, where as, the nodule dry weight was greater
in silty loam soil than in clay soil.

Table 8, shows that highest plant biomass yield was recorded in the silty

loam soil inoculated with Ph9+2012. The nodule dry weight was also much
higher in the silty loam soil than in clay soil in all inocula mixture treatments.

Egypt. J. Microbiol . 37, No. 3 (2002)



254

HASSAN MOAWAD. etal .

TABLE 6 . Response of P. vulgaris cv Paultista to inocuiation in two soils with six
Rhizobium strains.

Silty loam soil

]

Clay suil

Inoculation Plant dry Nodule dry | Plantdry | Nodule dry i
Treatments weight weight weight weight <
s (g/plant) (mg/piant) | (g/plant) _ | (mg/planty i
‘ Uninoculated ‘! 1.98 ¢ 2002 ¢ 5 246D 35hb
| N-feritized 2840 [1354¢ lao3a L300
Pho+ 2012 2dth laaroe Tod0n F7a0h
' PhT+CE3 F209d P 1918 d S 29d 43 7¢
{ Ph14+TR101 [2.24¢ | 2473a {241 18390

* Values have the same letter are not significantly different.

TABLE 7. Response of P. vulgaris cv Royallmet to inoculation in two sofls with six
Rhizobium strains.

o __ Silty leam soil Clay soil |
Inoculation Plant dry Nodule dry Plant dry Nedule dry
Treatmenfs weight weight weight weight
(g/plant) (mg/plant) {g/plant} (mg/plant) |

Uninoculated 1213 2194 b T2594d 151.9 d

{ N-fertilized i279a 1 130.2¢ P34l e e

Ph9+2012 {2330 2188¢ 288¢ ;684 ¢
Ph7+CE3 | 2.30b 2489 a 2.63a 893 b :
Phi4+TRI101 ©1230b 170.4 d 2.30d 15i5a |

* Values have the same letter are not significantly different.

TABLE 8. Response of P. vulgaris cv Duel to Inoculation in two solls with six

Rhizobium strains.
Sllt\ loam soil Clay soil :
Invculation Plant dr\ Nodule dry Plant dry Nodule dey
Treatments weight weight weight weight ) ‘E
o (g/plant) {mg/plant) (g/plant) (mg/plant) |
Uninoculated 2.39¢ 254.7a 273 ab 112.6 b l
N-fertilized 2534 1127¢ 2764 00 ¢
|
P9+ 2012 3406 235.6¢ 246¢ {244
'h7+CE3 1 2.06 b 143.5d 203 b 1939y
 Phi4+TRIV] ! 158c [ 2485b Cf2o0c 772«

* Values have the same letter are not significantly different.
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Contrary to the previous four cultivars, Samamtha bean performed better in
clay soil than in silty loam (Table 9). The growth response to inoculation was
significant in silty loam scil with all inocula mixtures. The best nodulation was
recorded in Phl4 +TR101 mixture in both soils. The nodulation in clay soil
was significantly increased with three inocula mixtures.

The competition between inoculant strain and native rhizobia was done
only on treatment having strain CE3 in combination with the local isclate Ph7.
We decided to restrict this oonipetition study to that treatment as other
treatments have the same CE3 strain slightly modified for certain antibiotic
resistant marker. This particular treatment was used as a model to see whether
the inoculant strain CE3 (wild type bean rhizobia from Italy) can compete for
nodulation either with other inoculant strain (Ph7) or the native bean rhizobia
strains.

The competition between R. etli strain CE3 and Ph7 isolatc, as well as, the
other native rhizobia for nodulation of five commercial bean cultivars is
presented in Table 10 . The data show that in silty loam soil, strain CE3
occupied between 50-80% of nodules formed on the five cultivars. The
Paultista cultivar showed the highest compatible macro symbiotic for CE3
strain. In the clay soil, strain CE3 was less competitive for nodulation as
compared with the other inoculant strains in mixture or and native rhizobia
stains in soil.

TABLE 9. Response of P. vulgaris cv Samamtha to inoculation in two soils with
six Rhizobium strains,

; Silty [oam soil Clay soil R
| Inoculation Plant dry Nodule dry Plant dry | Nodule dry i
! Treatments weight weight weight | weight 3
(g/plant) (mg/plant) {g/plant) ¢ {mg/plant)
Uninoculated 1.59d 1872 ¢ 261 b (287d
N-fertilized 1199 00e 274 4 I NA
Phy+ 2012 238a 1988 b 258b } 69.2b
Ph7+CE3 238a 1343 d 238¢ 163.5¢
Ph14+TR101 1.84 ¢ 20542 2.7%9a 7948 o

* Values have the same letter are not significantly different.
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TABLE 10. Competition for nodulation of five bean cultivars in two Egyptian soils
{percentage of nodule occupancy by strain CE3).

Bean cultivars |

—_ — N, ¥

Soil type I Bronco | Paultista Samamtha | Royallmel o Duel

Silty loam 60 T R S0

[Claysoil | 36 51 46 43 33

I ~ - R
Discussion

The IAR patterns of common bean rhizobial with six antibiotics were different.
The isolates Ph7, Ph9 and Ph14 had the same pattern with four antibiotics. The
pattern of antibiotic resistance of each strain was found to be a stable property
by which rhizobia could be recognized (Josey ef al., 1979) Khmel'nitskii and
Zlotnikov (1982), who studied the effect of several antibiotics on four -fast
-growing rhizobia and three slow growing rhizobia. It was shown that four of
these species had multiple drug resistance. Several different techniques had
been suggested for rhizobial strains identification. Among them, (IAR), was
used in this paper to identify Leucaena rhizobia (Moawad and Bohleol, 1992).

Many studies have examined the inoculation efficiency of beans in different
soil conditions (Caixian et al., 2001; Moez et al,, 2001; Mariam er al., 2001;
Vincent and Jean-Jacques, 2001; Sonia et al., 2002 ). Also Aguilar et al., (2001)
found that the inoculation of some efficient bean genotypes with rhizobia
increased the yield in the field in two successive bean-cropping seasons.

In our work the performance of six rhizobial strains with five bean cultivars
in two types of soils was studied .In our study soil experiment with the clay
soil showed a reduction in nodule formation with Bronco cultivar with most
treatments. The best treatment was Ph9+2012 which produced the highest
values of plant dry weight. The Duel cultivar in treatment Ph7+CE3 recorded
the highest values for nodule formation (193.9 mg/plant) in the clay soil. This
was also reported by Sonia et al (2002) who evaluated the biochemical
parameters in root nodules which lead to increase in yield. They found that the
inoculation with Rhizobium etli, mutant (CFN-037) increased nitrogen by 22%
as compared to inoculation with the wild-type strain CE3.

In silty loam soil the best cultivar was Duel, which gave the highest value
of plant dry weight with the rhizobial mixture Ph9+2012. In this soil the
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cultivar Royallmel recorded the highest value of nodule dry weight but was not
efficient in No-fixation. These results are in accordance with the finding of
Andrade et al, (2002) who siudied some cultural and biochemical
characteristics of Phaseolus nodulating isolates. These isolates recorded
significant increase in yield particularly with liming of the soil.

Our results indicated that owing to the uninoculated plants contained a
number of nodules on their roots, presence of indigenous rhizobia. These
results agreed with Aguilar er al (1998) who characterized a collection of
rhizobial isolates from nodules of wild beans (Phaseolus vulgaris var.
aborigineus) growing in virgin soils of different geographically separate sites
in the northwest Argentina on the basis of host range and their growth .All
tested cultivars were nodulated by native isolates. These results are also in
agreement with the findings of Trabelsi and Sifi (2000) who showed that
symbiotic nitrogen fixation (SNF) of the common bean is limited by the low
numbers and/or the absence of the indigenous rhizobia, and also in agreement
with M’hamedi et al. (1997) who isolated of genetically characterized 152
native common bean rhizobia strains which variable of rhizobial strains for
sclecting highly effective strains.

The availability of nitrogen in soil is one main factor that influences the
nodule formation with majority of cultivars in this study, The application of
mineral nitrogen inhibited nodulation which has reported by many different,
Rosas and Bliss (1986), Srivastava and Ormorod (1987), Buttery and Patak
(1989), Buttery et al. (1990) and Umali (1991}. The capability of strains to
nodulate bean plants differed according to the cultivar tested.

In this study nodulation competitiveness was estimated with the use of
antibiotic marker strains. The most competitive strain was CE3 with the
majority of studied cultivars. This is an agreement with Tas et al, (1996) and
Onishchuk et al. (2001). Aouani et al. {1997) reported that from 14 native
rhizobia strains isolated from Tunisia, at least one rhizobia was found to be
more efficient than CIAT 899. Also those studied the dynamics of Rhizobium
competition for nodulation of many legume crops (Broughton er al, 1980;
Triplett and Sadowsky, 1992; Moawad et al., 1994; Tas et al., 1996; Monibe et al.,
1998). In our study the percentage of nodule occupying ranged between 50 and
80 % with five cultivar in the silty loam soil, but in clay soil was only between
36 to 53 % with Bronco and Duel cultivars, respectively. Lopez-Garcia et al.
(2002) found that nodule occupancy with a similarly established rhizobial
population recovered from the vermiculite was significantly less competitive.
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It could be concluded that for improving the common bean production in
these two soils under this study is based on the selection of effective rhizobial
strains and bean cultivars to be adapted with the conditions of cultivated areas.
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