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ABSTRACT: Under green house conditions; Rhizobium leguminosarum
var. viciae, Bacillus megaterium var. phosphaticum and Trichoderma
harzianum were applied to nonsterilized soil; individually or in combination;
at the rate of 3% of soil weight Surface sterilizede seeds of faba bean
cultivars Sakha 1, Giza 3 Mohassan and Giza 716 were planted.

Tested treatments minimized the required time for seed germination and
increased the percentage both of germinated seeds and survived plants.
Growth characters; i. e., plant height, number of leaves, plant length, plant
fresh and dry weight of all tested cultivars were increased in response to the
soil microorganisms application. Number of emerged flowers and formed
bacrterial nodules were positively responded by variable biofertilizer
treatments. Significant increase of total nitrogen was observed in faba bean
plants sown in treated pots in comparison with control,

—-From the results of total protein analysis of Sakha 1 _cv. showed that R.

leguminosarum + T. harzianum treatment gave the best result which showed
13 bands whereas B. megaterium gave the worst result which showed 8
bands. Giza 3 Mohassan showed that R. leguminosarum + B. megaterium + T.
harzianum gave the best result and showed 12 bands whereas B. megaterium
+ T. harzianum gave the worst result and gave 7 bands. Giza 716 R.
leguminosarum gave the best result and showed 11 bands whereas B.
megaterium, R. leguminosarum + B. megaterium + T. harzianum and control
gave the worst result and showed 7 bands for each of them.

key words: Faba bean, Rhizobium leguminosarum, Trichoderma
harzianum, Bacillus megaterium, biocontrol agents.

INTRODUCTION _

Man began to cultivate land for food around 8000 B. C. Very soon, he
learned that the same land cannot support plant growth endlessely. This led
him to think about the means of improving soil fertillty (Subba Rao, 1981).
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The experiments of Bousingault,1834 revealed the important chemical
constituents of both plant and soil. He also proposed that legume plants fix
nitrogen in the soil which substantiated by Beijernick in 1888 who discovered
the root nodules bacteria (Rhizobium) which fix atmospheric nitrogen.
Microbiologists of USSR introduced "phosphobacterin”; a product contains
cells of Bacllius megaterium var. phosphaticum to the soil in order to
improve seed germination (Subba Roa, 1981). Bachman (1997) mentioned
that biological nitrogen fixation (BNF) has been assured place in agriculture
as a source of nitrogen for legumes. Abd-allah (1994) showed that strain TAL
1236 of Rhizobium leguminosarum var. viciae contributed significantly to the
release of phosphorus from organic compounds through the action of acid
and alkaline phosphates. El-Sheikh and El- Zaidany (1997) cleared that
Rhizobium inoculation significantly increased yield, 100 seeds weight and
cookability of faba bean. Their results indicate that Rhizobium inoculation is
a promising fertilizer where it is cheap, easy to handle and improves plant
growth and seed quality. Ballard ef al., (2004) proved that inoculation of pea
cultivar Parafield with Rhizobium strain SU 303 produced as much shoot dry
weight as the mineral nitrogen treatment and more than 2-9 times the shoot
dry weight of the uninoculated treatment. Gary et al, (2006) showed that
gram-negative bacteria (rhizobia) within the Rhizoblaceae phylogenetic
family (a-protobacteria) have the unique ability to infect and establish a
nitrogen fixing symbiosis on the roots of ieguminous plants. This symbiosis
is of agronomic importance where it reduces the need for nitrogen fertilizer
of legumes. Siser and Basu (2006) cleared that the mature root nodules of
Phaseolus mungo (L.) contain higher amount of indole acetic acid (I1AA) than
non-nodulated roots. .

Bacillus megaterium s a gram positive rod shape, spore producing .
eubacteria and found in the soil. It is a very important in the biotechnological
industry because of its size, enzymes and cloning ability. However,
phosphate solubilizing bacteria are known to increase phosphorus uptake
resulting in better grown and higher yield of crop plants (Algawadi an Gaur,
1988). Pal et al, (2001) found that bacillus spp. MRF produced an organic
acid and IAA, solubilized tricalcium phosphate and fixed nitrogen from the
atmosphere. El-Komy (2005) reported that Baclllus megaterium . and
Azospirillum lipoferum 137 as mixed inocula exhibited wheat high shoot dry
weight, total nitrogen, yield and the shoot phosphorus content. Results
demonstrate the beneficial influence of co-inoculation of both microbes for
providing balanced N and P nutrition of wheat plants.

Trichoderma spp. are well known as biocontrol agent of certain soil- and
air-borne plant diseases. However; Naseby et al., (2000) reported that several
strains of T. harzianum positively affected plant growth through either shoot
or root fresh weight and increased root length and number of lateral roots.
Naseby et al., (2000) found that pea seedlings treated with Trichoderma
harzianum strains Th1 and N47 exhibited an increase in the number of
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nodules per root system. Zouxing and Kalidas (2000) decleared that
preinoculation of pea seeds with Trichoderma viride, T. harzianum and T.
pseudokoningii extracts, increased the germination rate in potting soil by 15,
15 and 20 % respectively compared with water treatment (control). After 5
days, the average plant height increased by 27, 39 and 31 % respectively and
the average fresh weight increased by 33, 46 and 36 %, in the same respect.
Rudresh et al.,, (2005-b) reported that the all nine tested Trichoderma spp.
isolates solubilized insoluble tricalcium phosphate to various exlint. They
also mentioned that inoculation of Trichoderma spp. increased growth and
yield parameters of chickpea compared with the uninoculated controls under
both glass-house and field conditions.

Combined applications of the biocontrol agents may have positive or
negative effects on growth parameters. Anusuya and Sullia (1985) noted that
mixing Trichoderma viride and Rhizobium spp. caused significant reduction
in the number and weight of nodules formed on peanut roots. They
mentioned that this may be due to the abillty of T. viride to grow quickly in
the soil and colonize plant surfaces, thus preventing the subsequent
invasion of roots by the bacteria. Jain et al.,(1998) and Khurana and Sharma
(2000) showed that the combined inoculation of Rhizobium and phosphate
solubilizing bacteria increased nodulation, growth and yield parameters of
chickpea. Saini et al., (2004) found that microbial biomass, C, N and P under
sorghum and chickpea were significantly higher when a combination of
Azospirillum brasilense or Rhizobium or Bacillus megaterium and Glomus
fasciculatum were used and was maximum with 50 % recommended
fertilizers (40 kg N ha' and 8.73 kg P ha™ for sorghum; 10 kg N ha™ and 8.73
kg P ha' for chickpea) along with bioinoculants. Rudresh et al., (2005-a)
reported that combined inoculation of Rhizobium, a phosphate solubilizing
Bacillus megaterium var. phosphaticum strain PB and a biocontrol fungus
Trichoderma sp. increased germination, number of branches, nodulation and
yield of pea and total biomass of chickpea compared with either individual
inoculations or the uninoculated control. Wu et al., (2005) identified the
biofertilizer as an alternative to chemical fertilizer to increase soil fertility and
crop production in sustainable farming.

The objective of this greenhouse study was to evaluate the role of single
and combined soil infestation with Rhizobium leguminosarum var. viciae,
Bacillus megaterium var. phosphaticum and Trichoderma harzianum on the
growth and nitrogen content of faba bean (Vicia faba L.).

- MATERIALS AND METHODS:
This work has been carried out at the Environmental Biotechnology Dept.,
GEBRI, Sadat City, Minoufiya, Egypt.
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1- Rhizosphere Microorganisms Tested:

Rhizobium leguminosarum var. fabae “Okkadeen biofertilizer” was
obtained from Legume Crops Dept. Field Crops Research Institute, ARC,
Giza, Egypt. Bacillus megaterium var.phosphaticum isolate was obtained
from MERCIN, Fac. of Agric., Ain Shams Univ. An identified isolate of
Trichoderma harzianum was achieved from Agricultural Botany Dept., Fac. of
Agric., Minuf. Univ.

2- Pot Experiment:

Pots (20 cm in diameter) were sterilized by immersing them into 5 %
Sodium hypochlorite solution for 15 min. and then left to dry in open air.
Non-sterilized sandy-loam soil of Sadat City mixed thoroughly with peat moth
at the rate of 1:1 were left for a week in the open air before using in this
experiment.

Bacillus isolate was grown on Nutrient Broth medium for 48 hr. on a rotary
shaker at 25 °C. The bacterial inoculum was applied as a soil treatment at the -
rate of 5 ml bacterlal suspension per plant (1x10° cfu/mi).

However; application of fungal isolates was carried out on Barley medium
at the rate of 3% of soil weight.

3- Chemical Analysis:

3- 1-Total nitrogen content:
Total nitrogen content was estimated using the modifled semi-micro
kjeldahl method according to Hassouna, 1962 and Rahal, 1978.

3-2- Protein electrophoresis:

For most proteins that are not secreted, expression levels are generally
such that protein can be easily visualized by Comassie blue staining of total
protein on SDS-polyacrylamide gels. Denaturing polyacrylamide gel
electrophoresis is simple and powerful method for proteins separation
according to their size. In the most commonly used procedure, the protein
samples are first denatured by heating In the presence of (Sodium dodycyl
sulphate) SDS as reducing agent and strong anionic detergent. The treatment
dissociates virtually all protein complexes. The denatured proteins bind SDS
and acquire negative charge. The amount of SDS bound is proportional to
the molecular eeight of SDS-polyacrylamide complex during electrophoresis
is denaturing on the size of the polypeptide.

SDS-polyacrylamide Gel Electrophoresis (SDS-Page )} was carried out by
using a discontinuous buffer system described by ( Laemmli, 1970 ).

4- Statistical Analysis:
The data were statistically analyzed by analysis of variance (ANOVA)
using the Statistical Analysis System (SAS Institute, inc, 1988).
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RESULTS AND DISCUSSION:

A- Effect of the Rhizosphere Microorganisms on Growth Characters:

A-1- Effect of the rhizosphere microorganisms on seed germination
and survival: :

Results present in table (1) indicate that the rhizosphere microorganisms
encouraged the emergence of faba bean seedlings both in time and numbers.
As for time; conrol seedlings of the three tested cultivars started their
emergence after 15 days from seedlings. While application of Rhizobium
leguminosarum to the soil minimized this time to be 10,11and 14 days;
respectively for Sakha 1, Giza 3 Mohassan and Giza 716 cultivars. Abd-Allah
(1994) cleared that Rhizobium Ileguminosarum var. viciae contributed
significantly to the release of phosphorus from organic compounds through
the action of acid and alkaline phosphates.

On the same respect; Bacillus megatherium resulted the emergence after
12,12 and 14 days. These were 12,12 and 15 days when T. harzianum. was
applied. However; Subba Rao (1981) introduced Bacillus megaterium var.
phosphaticum to the soil in order to improve seed germination.

Combination of Rhizobium with either or both Bacillus megatherium and
Trichoderma harizianum; in general; gave the same effect. This result was
also observed by Rudresh et al., (2005-b).

On the other hand, number of emerged and survived seedlings didn't
severely affected by the various tested rhizosphere microorganisms applied
to the soil. Rhizobium lequminosarum + Trichoderma harizianum was the
only treatment that increased Sakha 1 seedlings emergence than control.
However, Rhizobium legquminosarum application showed the worst results.
As for Giza 3 Mohassan cultivars, all except Rhizobium leguminosarum
treatment resulted either equal or higher seedlings emergence percentages
than the control. While faba bean Giza 716 cultivar showed much better
response, where all treatments caused more emergence percentages except
for the application of the three tested microorganisms which gave the same
result as control. This last case could be attributed to the competition among
the three microorganisms which minimize their competitive saprophytic
ability in the soil (Ammar, 2003).
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Table (1): Effect of some rhizosphere microorganisms on Faba bean
seedling emergence and survival .

r " Faba bean cultivars
Sakha 1 Giza 3 Mohassan Giza 716
Trestments emgrt::nce th::rr ber E:}l . fnt::': N'o. z E:/Il esnt1acrrt Nlo. f:; E.,‘/n .
days of Plants | % days plan % days plan o

Rhizobium 10 16 80 11 18 90 14 17 85
leguminosarum

Bacillus 12 18 80 12 20 100 14 19 95
| megaterium

Trichoderma 12 18 90 12 19 95 15 17 85
harzianum

R. leguminosarum 11 18 90 1" 19 95 13 20 100
+ B. megaterium

R. feguminosarum 10 20 00| M1 20 100 13 19 95
+T, harzianum

B.megaterlum 14 17 85 14 20 100 14 17 85
+T. harzianum

R. leguminosarum 13 19 95 14 19 95 15 16 80
+B.megaterium+ ’

T. harzianum
| control 15 19 95 15 19 95 15 16 80
Number of tested seeds = 20 EM: emergence

A-2- Effect of the rhizosphere microorganisms on plant height:

Faba bean cultivars showed different responses in plant height as for
microorganisms application in comparison mth the untreated control ones
(Table 2-A).

Plant height of Sakha 1 cultivar was slgnificantly increased in response to
the applications up to 50 days after seeding; except the application of the
three microorganisms which showed insignificant increase. The best plant
height (31.6 cm) was achieved when B. megatherium and T. harizlanum were
applied to the soil.

Giza 3 Mohassan faba bean cultivar plant height showed high response to
the microorganisms application. All the individual and combined treatments
significantly increased plant height than control 20,30,40 and 50 days after
seeding.

However; Giza 716 cultivar showed insignificant increase of plant height
than control in most cases.

Results shown in Table 2-B clear that the tested microorganisms
significantly increased faba bean plant heigt than control (20-50 days from
seeding). The best effect,however, was noticed when B. megatherium and T.
harizianum were appiied in combination to the soil.

In the mean time; Sakha 1 faba bean cultivar showed the most response
of plant height to the treatments. While Giza 716 cultivar was the worst one.
However,Giza 3 Mohassan showed moderate respons (Table 2-C).
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Table 2 (A): Effect of some rhizosphere microorganisms on the average
height (cm) of some Faba bean cultivars after 20, 30, 40 and 50
days from seeding.

Faba bean cultivars

Sakha 1 Giza 3 Mohassan Giza 716

Treatments 20 | 30 | 40 | 50 | 20 | 30 | 40 | 50 | 20 | 30 | 40 | 50
Rhizobium 14.7 | 228 123.0 | 30.3 (134 | 180 (254 | 30.2 | 9.8 | 13.4 [ 17.3 | 256
leguminosarum
Bacillus 15.6 | 226 (255(31.3 (122 (19.9|23.5{29.3(11.0 (16.7 221 | 251
megaterium
Trichoderma 13.8 | 21.3 (229 | 26.5 | 14.6 | 20.5 | 21.9 | 30.1 | 10.9 | 151 | 19.6 | 27.0
harzianum

R.leguminosarum | 13.9 | 22.2 | 25.0 | 30.1 | 12.7 | 20.0 | 24.6 | 29.7 | 13.3 | 17.0 | 20.2 | 25.6
+ B. megaterium .
R. leguminosarum | 13.6 | 20.9 | 22.8 | 31.1 | 14.7 | 21.6 | 254 | 29.9 | 121 {15.8 | 20.5 | 27.9
+T. harzianum
B.megaterium 134 (234 | 255|316 | 134|196 (23.9|28.2 (126 |16.1 | 20.2 | 27.3
+T. harzianum
R. lequminosarum | 14.7 | 21.9 | 24.2 | 28.4 | 121 | 18.4 | 22.2 | 261 | 114 | 15.6 | 19.3 | 24.2
+B.megaterium+

T. harzianum
Control 125196 216 |27.7 | 7.9 [ 129|176 | 234 | 104 | 155|198 | 254
L.8.Dg 05 13 117 |18 |19 |13 |17 |18 [ 19 |13 | 1.7 | 18 | 1.9

Table 2-(B) :The main effect of treatments:

Height (em)

Treatments 20 days 30 days 40 days 50 days
Rhizobium 11.950 b 18.108 a 219 a 28.800 ab
leguminosarum .

Bacillus megaterium 12.883 ab 19.750 a 22.700 a 28.775 ab
Trichoderma harzianum 13.096 ab 19.008 a 21.467 a 27.917 ab
R. leguminosarum 12.976 ab 19.783 a 23.267 a 28.467 ab
+ B, megaterium

R. leguminosarum 13.467 a 19.467 a 22.933 a 29.642 a
+T. harzianum

B.megaterium 12.783 ab 19.900 a 23.250 a 29.050 a
+T. harzianum ‘ .
R. leguminosarum 12.708 ab 18.692 a 21.958 a 26.608 bc
+B.megaterium+ i

T. harzianum

control 10.250 c 16.025 b 19.675 b 25.525 c

Table 2-(C): The main effect of cultivars:

Height (cm)

Cultivars 20 days 30 days 40 days 50 days
Sakha-1 14.025 a 21.881 a 23.756 a 29.769 a
Giza3 12.230 b 18.900 b 22.775 a 28.416 b
Mohassan

[Giza 716 11.288 | ¢ | 15744 | ¢ | 19809 | b | 26408 | ¢ |
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A-3- Effect of the rhizosphere microorganisms on leaves number:

Results present in (Table 3-A) clear that number of faba bean leaves of the
three tested cultivars were nearly the same (around 4 leaves/plant) after 20
days from seedling. However, the separate application of Rhizobium
lequminosarum caused significant reduction in number of leaves than
control (20 days around).

Number of leaves was significantly increased than control in response to
the beneficial rhizosphere microorganisms application 30,40 and 50 days
after planting except few cases of Sakha 1 cultivar where insignificant
increases were noticed.

Dunken’s statistical analysis (Table 3-B) showed the above mentioned
results.

However, statistical analysis of main cultivars response to leaves number
were insignificant all over the experimentation period (20-50 days of
seeding); Table 3-C.

Table 3-(A): Effect of some rhizosphere microorganisms on the average
leaves number of some Faba bean cultivars after 20,30,40 and
50 days from seeding .

Faba bean cultivars

Treatments Sakha 1 Giza 3 Mohassan | Giza 716

20 30 40 50 20 30 40 50 20 30 40 50

Rhizobim 3.8 6.0 7.2 9.3 3.8 5.7 7.0 91 4.0 5.8 6.8 9.7
leguminosarum

Bacillus megaterium 41 5.7 7.2 9.1 4.1 60 | 69 | 91 40 | 63 | 74 9.5

Trichoderma 4.1 57 6.7 8.3 41 | 59 | 69 | 82 | 40 ) 58 | 65 | 82
harzianum
R. leguminosarum | 4.0 6.2 7.2 8.7 4.1 60 | 7.1 87 | 40 [ 6.2 | 68 | 9.1
+B. megaterium
R. leguminosarum+ | 4.0 5.9 7.0 8.5 4.0 6.8 7.2 90 [ 40 6.0 6.6 9.1
T.harzianum
B. megaterium + | 4.0 6.0 7.4 9.0 40 | 61 | 89 | 83 | 40 | 59 | 69 | 8.8
T.harzianum
R. leguminosarum + | 40 &8 6.8 8.2 40 ;: 60 } 69 | 86 | 4.0 | 6.1 67 | 9.0
B. megaterium +

T.harzianum

Control 40 | 54 | 65 | 82 [ 40 | 55 | 6.1 | B4 | 40 | 57 | 64 | 8.0
 —

l:s.Do.os J 0.1 04 |04 ] 05 |04 )04 | 04 | 05| 01 )| 04 04 | 05
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Table 3~(B) :The main effect of treatments:
-

Leaves number
Treatments 70 days 30 days 40 days 50 days

Rhizobium 3.850 B 5.858 abc 7.033 a 9.375 a
leguminosarum
Bacillus megaterium 4.054 6.33 ab 7.087 9.250 ab
Trichoderma harzianum 4,54 a 5.842 bc 6.750 a 8.908 abc
R. lequminosarum 4.000 a 6.167 ab 7.042 a 8.842 be
+ B. megaterium [
R. leguminosarum 4.000 6.258 a 6.958 a 8.717 c
+T. harzianum
B.megaterium 3.983 a 6.017 ab 6.975 a 8.625 c
+7T. harzianum
R. leguminosarum 4.000 5.992 ab 6.817 a 8.572 cd
+B.megaterium+
T. harzianum

, control 4.000 5.517 c 6.342 b 8.125 d

Table 3-(C) : The main effect of cultivars:

} Leaves number 1
Cultivars

f 20 days 30 days 40 days 50 days 1
Sakha-1 3.981 a 5.866 a 6.969 a 8.944 a 1
Giza3 Mohassan 3.995 a 6.006 a 6.897 a 8.775 a |
Giza 716 4.000 a 6.009 a 6.753 a 8.944 a

A-4- Effect of the rhizosphere microorganisms on plant length:

Results present in Table 4-AB and C indicate that application of the
beneficial rhizosphere microorganisms; either separate or in combination,
increased shoot and root length of faba bean plant cultivars. Significant
differences could be noticed; in most cases; between the treated and
untreated control plants. The best length of shoot system was opserved
when B. megaterium was applied to the soil (Table 4-B). R. leguminosarum
stimulated the growth of root system.

Response of the tested faba bean cultivars was variable,where Sakha 1
was more longer than both of Giza 3 Mohassan and Giza 716 cultlvars..
Significant variations were obtalned between the total length of the three
tested cultivars (Table 4-C).
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Table 4-(A): Effect of some rhizosphere microorganisms on the length (cm) of

some Faba bean cultivars at the pod production stage.
Length of Faba bean cultivars (cm)

Sakha 1 Giza 3 Mohassan | Giza 716

Treatments Shoot | Root | Total | Shoot | Root | Total | Shoot | Root | Total
Rhizobim 36.5 | 422 | 787 344 364 | 70.8 27.9 31.2 | 59.1
feguminosarum

Bacillus 38.1 37.0 | 751 32.0 374 | 694 30.6 33.7 | 64.3
megaterium

Trichoderma 313 340 { 56.3 30.7 39.3 | 70.0 29.3 323 | 61.6
harzianum

R. leguminosarum | 33.8 349 | 687 295 | 333 | 628 309 | 3.3 | 62.2
+8. megaterium
R.leguminosarum+ | 31.2 27.1 | 58.3 305 | 322 | 62.7 28.2 328 | 61.0
T.harzianum
B. megaterium + | 36.7 339 | 70.6 30.1 33.2 ) 633 29.2 | 36.0 | 65.2
T.harzianum
R.leguminosarum+ | 36.9 331 | 700 30.2 | 331 | 633 27.0 33.2 | 60.2
B.megaterium+

T.harzianum
Control 30.3 | 306 | 60.3 258 | 31.7 | 575 279 | 297 | 576
L.S.Doos 2.3 3.3 4.5 2.3 33 4.5 2.3 3.3 4.5
Table 4-(B): The main effect of treatments:
Length (cm)
Treatments - Shoot Root Total
Rhizobium leguminosarum __ . 32.93 ab 36.65 a 66.34 ab
Bacillus megaterium 33.62 a 36.10 ab 70.34 a
Trichoderma harzianum | 3047 bed 35.24 ab 65.07 bc
R. leguminosarum T 3148 abed 33.23 abc | 6417 | bed
+ B. megaterium
R. lequminosarum 30.00 cd 30.72 c 60.87 cd
+T. harziapum ——— —— - -~ o -
B.megaterium 32.00 abe 34.43 ab 66.46 ab
+T. harzianum
R. leguminosarum 31.39 abed 33.16 abc 65.79 abc
+B.megaterium+
T. harzianum
control 29.02 d 32.83 be 5980 |  d
Table 4-(C) : The main effect of cultivars:
Cultivars Length (cm)
Shoots Roots Total
Sakha-1 34.75 a T 3495 a 69.55 a
Giza3 Mohassan 30.44 b 34.63 a 64.05 b
Giza 716 28.90 c 32.55 b 61.19 c
J

652



Role of some rhizosphere microorganisms on the growth ..................

Generally; increasing plant height and' number of leaves (shoot system) in
response to the tested microorganisms; individually or in combination; was
also noticed by El-Sheikh and El-Zaydani (1997), Naseby et al., (2000), Bailard
et al., (2004), Rudresh et al., (2005) and Gary et al., (2006). However; Sakha 1
cultivar was the best responded for the tested microorganisms. In addition; it
is of logic that plant height of faba bean seedlings emerged earlier were
significantly more than those raised later (control). In the mean time,
significant increase of leaves number; 30-50 days age; in response to
microorganisms application improved photosynthation process which
consequently increased faba bean plants growth.

A-5- Effect of the rhizosphere microorganisms on plant fresh weight:

- All tested rhlzosphere m|croorgamsms increased the fresh weight of faba
1 cultivar plants increased significantly than control in response to
Rhizobium leguminosarum, Bacillus megaterium, both of them and B.
megaterium + Trichoderma harzianum applications (Table 5-A). However,
insignificant increases of fresh weight were recorded when T. harzianum,
R.leguminosarum +T. harzianum and all the three microorganisms in
combination were applied to the soil.

Total fresh weight of Giza 3 Mohassan cultivar plants was significantly
higher than control ones in all treated piants with the rhizosphere
microorganisms, except those of the three tested microorganisms
application. As for Giza 716 cultivar, all microorganisms application led to
significant increases of fresh weight with the exception of R. /leguminosarum
+ T. harzianum application.

stastistical analysis using Dunkan's method (Table 5-B) clear that the best
treatment for increasing faba bean fresh weight was B. megaterium + T.
harzianum followed by R. leguminosarum one. The untreated control pots
followed by application the three tested microorganisms together resulted
the worst fresh weight.

On the other hand, Giza 716 cultivar gave the highest fresh welght while
Giza 3 Mohassan cultivar was and Sakha 1 cultivar gave the least fresh
weight (Table-C).
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Table 5-(A): Effect of some rhizosphere microorganisms on the fresh weight
(gm) of some Faba bean cultivars at the pod production stage.

Length of Faba bean cultivars (cm)
Sakha 1 Giza 3 Mohassan Giza 716

Treatments Shoot | Root | Total | Shoot | Root | Total | Shoot | Root | Total
Rhizobim 135 17.4 | 30.9 14.4 224 | 368 135 248 | 38.3
lequminosarum
Bacillus 133 19.3 | 326 125 20.0 | 325 114 279 | 393
megaterium
Trichoderma 9.8 143 | 241 13.9 201 | 340 11.6 271 38.7
harzianum
R.Jeguminosarum 10.9 17.3 | 28.2 15.7 155 | 31.2 10.8 25.0 | 358
+B. megaterium

R.leguminosarum+ | 104 17.0 | 274 141 225 | 36.8 11.3 225 | 338
T.harzianum
B. megaterium + | 12.8 211 | 339 121 242 | 364 13.7 28.9 | 426
T.harzianum
R.feguminosarum+ | 10.8 124 | 23.2 10.4 174 | 27.2 11.8 255 | 373
B.megaterium+

T.harzianum
| Controt 11.4 119 | 23.0 13.2 121 25.3 12.2 18.3 | 30.5
| L.S.Dqas 1.8 4.1 4.9 1.8 4.1 4.9 1.8 4.1 4.9

Table 5-(B): The main effect of treatments:

Fresh weight (gm)
Treatments Shoot Root Total

Rhizobium leguminosarum 13.92 a 21.55 ab 37.10 ab
Bacillus megaterium 1231 abc 22.43 ab 34.77 abc
Trichoderma harzianum 11.80 be 20.55 ab 31.98 bc
R. leguminosarum 12.50 abc 19.30 b 31.81 be
+ B. megaterium
R. leguminosaram 7 T 71188 e 20.69 ab 32.04 be
+T. harzianum
B.megaterium 13.58 ab 24.75 a 38.70 a
+T. harzianum

‘R. leguminosarum 10.93 c 18.36 b 29.71 c
+B.megaterium+
T. harzianum :
Control 12.20 abe 14.14 [ 26.30 c

Table 5-(C) : The main effect of cultivars:
[ Fresh weight (gm)
Cultivars
ultiva Shoots Roots Total

Sakha-1 11.56 b 16.30 c 27.86 ¢
Giza3 Mohassan 13.54 a 19.20 b | 3274 b
Giza 716 11.56 - b 25.00 a | 36.56 a
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A-6- Effect of the rhizosphere microorganisms on plant dry weight:

Results shown in Table 6-A clear that the dry weight of faba bean shoots
and roots was higher than control because of rhizosphere microorganisms
application. Total dry weight of Sakha 1 cuitivar plants increased
significantly than control in response to the microorganisms treatments
except those of Trichoderma harzianum and Rhizobium leguminosarum +T.
harzianum ones. The same result was noticed for Giza 3 Mohassan cultivar
but significant increases of total dry weight were noticed when R
leguminosarum + Bacillus megaterium and all the three microorganisms
were applied to the soil. Significant increase of dry weight was noticed in all
treatments of Giza 716 cv. With the exception of R Jeguminosarum + T.
harzianum one, which gave insignificant dry weight increase.

Dunkan statistical analysis (Table 6-B) clear that R leguminosarum
treatment was the best to increase plants dry weight, the untreated control
plants resulted the worst dry weight and all the other treatments showed
insignificant increase of dry weight among themselves.

As for faba bean cultivars, Giza 716 gave the best dry weight followed by
Giza 3 Mohassan and Sakha 1 cultivar was the worst. Significant variations
could be noticed between the tested three cultivars in plants dry weight
(Table 6-C).

Table 6-(A): Effect of some rhizosphere microorganisms on the dry weight
(gm) of some Faba bean cultivars at the pod production stage.

Length of Faba bean cultivars (cm)

Treatments Sakha 1 Giza 3 Mohassan Giza 716

_ Shoot | Root | Total | Shoot | Root | Total | Shoot | Root | Total
Rhizobim 11 14 25 1.6 1.9 3.5 0.9 19 28

leguminosarum :

Bacillus 1.2 1.7 2.9 1.2 1.7 29 1.2 1.9 31
megaterium

Trichoderma 0.8 11 1.9 13 1.9 3.2 0.9 1.9 28
harzianum

R.leguminosarum 11 1.3 24 1.1 1.7 2.8 13 15 28
+B. megaterium
R.leguminosarum+ 0.9 1.0 1.9 14 21 35 0.9 1.5 2.4
T.harzianum
B. megaterium + 11 1.2 2.3 1.2 1.7 29 1.0 1.6 26
T.harzianum
R.lequminosarum+ 1.1 1.2 23 1.0 1.7 2.7 1.0 15 25

B.megaterium+

T.harzianum

Contro! 0.9 0.9 20 1.0 1.5 2.5 11 10 | .21
L.S.Do.0s 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.3 04
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Table 6-(B): The main effect of treatments:

Treatments Dry weight (gm)
| Shoot Root Total
Rhizobium leguminosarum 1.192 a 1.742 a 2.900 a
Bacillus megaterium 1.158 a 1.758 a 2.808 ab |
Trichoderma harzianum 0.983 a 1.617 ab 2.658 abc
R. leguminosarum 1.158 a 1.833 ab 2.633 abc
+ B. megaterium )
R. leguminosarum 1.033 a 1.500 ab 2.575 abc
+T. harzianum
| B.megaterium 1.107 a 1483 ab 2567 | abc
| +T. harzianum
R. leguminosarum 1.008 a 1.450 ab 2.450 be
+B.megaterium+
T. harzianum
Control 0992 | a 1.308 ah 2.342 c
Table 6-(C) : The main effect of cultivars:
[ Dry weight (gm) ]
Cultivars i Shoats Roots Total ]
Sakha-1 1.016 b 1.228 b 2.238 c |
Giza3 Moh 1 1.016 b 1.659 a 2.684 b
Giza 716 1.194 a 1.759 a 2722 a__ |

Fresh dry weight of faba bean plants were positively responded by the
soil microorganisms applied to the soil. Such microorganisms could be used
as biofertilizers as reported also by Abd-allah (1994), Elsheikh and El-zaidany
(1997), Rudresh (2005-a,b) and Gary et al., (2006).

B- Effect of the Rhizosphere Microorganisms on Flowering:

Results of flowering date and the average number of flowers per plant as
affected by the beneficial microorganisms application to the soil are shown
in Tables (7 A, B and C).These results clear that starting flowering of Sakha 1
cultivar was noticed 45 days after seeding in control, Rhizobium
leguminosarum and Bacillus megatherium + Trichoderma harizianum
treatments. The rest applications significantly minimized the required time
for flowering beginning; up to 40 days from seeding; in the cases of B.
megatherium, R. leguminosarum + B. megatherium and R. lequminosarum +
T. harizianum applications.

On the other hand; the average number of flowers per plant (50 days age)
of Sakha 1 faba bean cultivar significantly increased in response to all the
benifecial microorganisms application to the soil; except that of Rhizobium
leguminasarum + Trichoderma harizianum one which showed significantly
less flowers than control.

As for Giza 3 Mohassan cultivar; all treatments except 7. harzianum one
significantly reduced the time of first flower appearance. However; the
average number of flowers per plant of this cultivar (50 days age) were either
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equal or significantly less than control in most treatments. Insignificant
increase in flowers number was recorded when R. leguminosarum + T.
harizianum were applied to the soil. Significant flowers increase was only
noticed when the three microorganisms were added to the soil.

Single application of any rhizosphere microorganisms didn't affect
flowering date of Giza 716 faba bean cultivar. While any other combined
application significantly reduced the starting flowering date of this cultivar
(Table 7-A). However; number of flowers per plant was superior when the
three microorganisms were applied to the soil (3.1). Significant increase of
flowers number was also noticed when B. megaherium and R.
leguminosarum + T. harizianum were the treatments.

Table 7-B indicates that the best and lonely significant treatment that
increased flowers of all tested cultivars was the application of the three
microorganisms to faba bean soil.

As for the tested genotypes; flowers number of Giza 716 was the best and
significantly more than Giza 3 Mohassn one (the worst cultivar).

However; Sakha 1 cultivar showed moderately flowering rate in
comparison with the other two cultivars,

The above results; in general; clear that application of the beneficial
microorganisms to the soil increased the number of flowers which
consequently increase faba bean yields. This was also observrd by Abd-
Allah (1994), El-Sheikh and El-Zaidany (1997), El-Komy (2005) and Rudresh et
al., (2005).

Table 7- (A): Effect of some rhizosphere microorganisms on the flowering
date and averag flowers number of some faba bean cultivars.

| T Faba bean cultivars
Treatments Sakha 1 Giza 3 Mohassan Giza 716
Days Number Days Number Days Number
-Rhizobim 45 1.5 4 1.4 44 13
leguminosarum ]
Bacillus 40 1.9 44 13 44 25
megaterium
Trichoderma 44 1.5 45 1.8 44 1.8
harzianum
R. leguminosarum 40 25 41 1.3 M 24
b +B. megaterium
R. leguminosarum+ 40 1.1 41 23 38 25
T.harzianum
B. megaterium + 45 24 41 1.0 38 20
T.harzianum
R. leguminosarum+ 44 2.0 44 26 41 31
B. megaterium+
| T.harzianum
| Control 45 1.4 45 1.8 44 1.8

L.S.Doos: 0.772 " for number of flowers"
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Table7- (B): The main effect of treatments:

Treatments Flowers number J
Rhizoblum leguminosarum 1.375 b ]
Bacillus megaterium 1.875 ab |
Trichoderma harzianum 1.667 b
R. leguminosarum 2.042 ab
+ B. megaterium
R. leguminosarum 1.968 ab
+T. harzlanum
B.megaterium 1.800 ab
+T. harzianum
R. leguminosarum 2.583 a
+B.megaterium+
T. harzianum
control 1.633 b ]
Table 7-{C) : The main effect of cultivars:
[ Cultivars Flowers number ]
Sakha-1 1.785 ab
Giza3 Mohassan 1.656 b
Giza 716 2.156 a

C-Effect of the Rhizosphere Microorganisms on Bacterial

Nodules Formation:

Results present in Table 8 clear that the best nodules number (116.40)
was achieved when Rhizobium leguminosarum alone was applied. The least
nodules number was noticed on control plants grown in non-sterilized soil
(average 14.15). Insignificant increase of nodules number was observed in
response to soil infestation with different tested rhizosphere
microorganisms. However, the highst nodule numbers were achieved when
Trichoderma harzianum, Baclllus megaterium and R. leguminosarum + B.
megaterium + T. harzianum were treated. These average numbers were 50.85,
49.43 and 44.89 respectively.

Increasing of noduies number in response to Trichoderma spp. was also
observed by Naseby et al., (2000), Zouxing and kalidas (2000) and Rudresh et
al., (2005-a). However; reduction in the number of nodules due to combined

_application of Trichoderma viride and Rhizobium spp. was noticed by
Anusuya and Sullia (1985). They attributed this reduction to quick
colonization of plant surfaces by the faster organism (7richoderma viride).

On the other hand, faba bean cultivars had no effect on bacterial nodule
formation. Insignificant differences were noticed between Sakha 1 cultivar
{40.44 nodules), Giza 3 Mohassan cv. (49.74) and Giza 716 one (53.48).
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Table 8-(A): Effect of some rhizosphere microorganisms on nodules average
number/plant of some Faba bean cultivars at pod production

stage.
Nodules number of faba bean cultivars
Treatments Sakha 1 Giza 3 Mohassan Giza 716
Rhizobim leguminosarum 66.3 166.5 116.2
Bacillus megaterium 36.6 794 32.2
Trichoderma harzianum 50.0 39.8 62.7
R. leguminosarum + 62.2 19.3 443
B. megaterium
R.leguminosarum+ 37.5 16.2 418
T.harzianum
B.megaterium+ 18.2 27.0 55.2
T.harzianum
R. leguminosarum+ 52.5 345 67.6
B.megaterium+
T.harzianum
Control 00.0 14.9 21.5
L.S.Dg.0s 243

Table 8-(B): the main effect of treatments

Treatments Nodules number

Rhizobim legquminosarum 116.40 a
Bacillus megaterium 49.43 b
Trichoderma harzianum 50.85 b
R. leguminosarum +B. megaterium 42.00 b
R. leguminosarum+ T.harzianum 31.86 bc
B. megaterium + T.harzianum 33.50 be
R. leguminosarum+ B. megaterium+ 44.89 b
T.harzianum

Control 14.15 c

Table 8-(c): The main effect of cultivars

Cultivars Nodules number
Sakha-1 40.44 a
Giza3 Mohassan 49.74 a
Giza 716 53.48 a

D- Effect of the Rhizosphere Microorganisms on Plant Total

Nitrogen Content:

Results present in Table 9 indicate that total nitrogen content of Sakha 1
faba bean cultivar highly increased than control in response to the
application of the three tested microorganisms, either single or in
combination. Total nitrogen levels was more than twice of the control, as for
the microorganisms application. These nitrogen levels were about 1.5 folds
of control, as for Giza 3 Mohassan cultivar. However, variable increase were
recorded in total nitrogen levels than control of Giza 716 cuitivar.
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Generally, the best resuits of nit;ogen contents were noticed when
Rhizobium leguminosarum was applied to the soil. This is agreement with
Abd-Aliah (1994), El-sheikh and El-Zaidany (1997) and Gary et al., (2006).

Table (9): Effect of some rhizosphere microorganisms on total nitrogen
content of some faba bean cultivars.
Total nitrogen content (mglg)
Giza 716 I

Sakha 1 Giza 3 Mohassan

Treatments Shoot | Root | Total | Shoot | Root | Total | Shoot | Root | Total
Rhizobim 2.0 1.52 | 3.52 221 166 | 3.87 2.08 1.39 | 3.47
leguminosarum

Bacillus 1.61 118 | 279 2.12 1.20 | 3.32 1.71 116 | 2.87
megaterium

Trichoderma 1.39 126 | 264 1.48 129 | 2.77 1.57 1.06 | 2.63
harzianum

R.leguminosarum 1.61 125 | 2.86 1.84 166 | 3.50 1.62 125 | 287
+B, megaterium
R.leguminosarum+ 1.61 1.38 | 2.99 203 1.20 | 3.23 1.62 1.39 | 3.01
T.harzianum
B. megaterium + | 1.61 102 | 299 1.84 176 | 3.60 1.62 1.39 | 3.01
T.harzianum
R.leguminosarum+ | 2.08 114 | 310 2.3 111 | 3.42 2.08 1.80 | 3.88
B.megaterium+
T.harzianum
Control 1.25 1.39 1.39 102 | 241 1.52 0.97 | 249

E- Effect of the Rhizosphere Microorganisms on PlantProtein

Analysis:

Electrophoresis analysis was carried out using SDS-PAGE for water
soluble protein fraction and was stained to detect the whole protein banding
pattern.

SDS-PAGE were achieved to screen the water soluble leaf protein
extracted from faba bean plants under the treatments of the rhizosphere
microorganisms after 50 days.

From the results of Sakha 1 cv. plants total protein analysis Fig. (1) and
Table (10) it could be concluded that R. leguminosarum + T. harzianum
treatment gave the best resuit which showed 13 bands whereas B.
megaterium treatment gave the worst result which showed 8 bands. R.
leguminosarum, T. harzianum, R. leguminosarum + B. megaterium, B.
megaterium + T. harzianum and R. lequminosarum + B. megaterium + T.
harzianum and control showed 9, 10, 11, 9, 8 and 8 bands respectively.

From the results of Giza 3 Mohassan total protein analysis in Fig. (2) and
Table (11) it could be concluded that R. leguminosarum + B. megaterium + T.
harzianum treatment gave the best result and showed 12 bands. B.
megaterium + T. harzianum gave the worst result and showed 7 bands. R.
leguminosarum, B. megaterium, T. harzianum, R. leguminosarum + B.
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megaterium, R. lequminosarum + T. harzianum and control showed 8, 10, 11,
9, 8 and 11 bands respectively.

From the results of Giza 716 plants total protein analysis in Fig. (3) and
Table (12) itcould be cociuded that R. leguminosarum treatment gave the
best result and showed 11 bands whereas B. megaterium, R. leguminosarum.
+ B. megaterium + T. harzianum and control gave the worst result and
showed 7 bands for each of them. T. harzianum, R. leguminosarum + B.
megaterium and R. leguminosarum + T, harzianum showed 9,8,8 and 8 bands
respectively.

Table (10): Presence (1) versus absence (0) of SDS-PAGE protein bands of
soluble protein extracted from faba bean plants (Sakha 1 ¢cv.,):

fNo ]MW(kd) Rhi., |B., |Tri., fgi., Rhi.,+Tri., |Rhi.,+B., |Rhi.,+B.,+Tri., |Control )
1 192.742 1 1 1 T 1 1 1 1 T
2 184.012 0 o 1 0 0 0 0 1
3 [81.141 1 1 1 1 1 1 1 1
4 [78.102 1 1170 1 1 1 1 0
5 [73.231 1 1 1 1 1 1 0 1
6 |69.665 0 1 1 1 1 1 1 1
7 |67.255 1 o o 0 1 0 1 0
8 63.814 0 0] 1 1 1 0 1 0
\L 161.638 0 0 1 0 0 1 0 1
[10 |59.489 1 1 1 1 1 0 1 1
11 |56.257 0 o o 1 1 1 0 0
% 49.487 1 1 1 1 1 1 1 1
13 [46.899 0 o[ o 0 0 1 0 0 ]
14 | 44.267 0 o[ o 0 1 0 0 1
15 [41.168 1 1 1 1 1 0 0 1
16 |35.533 1 o[ o 0 0 0 0 0
17 [29.649 o o[ o 1 1 0 0 0
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Figur 1 Effect of rhizosphere microorganisms on protein analysis of Sakha
1 faba bean plants (1- Rhi., 2-B., 3-Tri., 4-Rhi.,+B., 5- Rhi,, +Tri., 6-B., +Tri., 7~
Rhi.,*B.+Tri., B-control)
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Table (11): Presence (1) versus absence (0) of SDS-PAGE protein bands of
soluble protein extracted from faba hean plants (Giza 3 Mohassan

CV.,)t
No | MWi(kd) | Rhi, | B., | Tri, | Rhi, | Rhi.*Tri, | Rhi.*B., | Rhi,+B.+Tri, | Control
+B,, 8 |
1 | 165600 | 0 | 4 | 0 | © 0 1 0 0
2 (160581 1 [ 1] 1 1 i 0 1 1
3 106847 | 0 | 0 | 1 1 1 1 1 = |
4 |o086.444 | 1 | 1 | 1 1 1 1 1 1
5 | 064710 | 1 | 0 | 1 0 0 0 0 0
6 | 056966 | 0 | 1 | © 1 1 1 1 1
7 | 049666 | 0 | 1 | 1 1 0 1 7 A
8 036950 | 0 | 0 | 1 0 0 0 0 [
9 |035464 | 0 | 1 | 1 1 1 1 1 1
10 [ 032048 | 1 | 1 | 1 1 1 1 0 0
Lj 031.100 | 1 0] 0 0 0 0 1 1
12 (028531 | 1 [ 1 | 1 1 0 0 1 0
13 [ 026559 | 1 | 1 | 1 1 0 0 0 1
14 | 024935 | 0 | 0] 0 | 0 0 0 1 a
15 | 022015 | 1 | 0| 0 | 0 1 0 1 Post |
16 [019854 | 0 | 0 | 0 | © 0 0 _ 1 1
177 (018180 | 0 [ 1 [ 0 | © 0 0 0 0
18 | 016,053 | 0 | 0 | 1 0 1 0 1 0
19 | 014000 | 6 | 0 | 0 | 0 0 0 0 0
20 [012680 | 0 | 0 ] 0 | 0 0 0 0 1

+7ri., 6-B., +Tri., T-Rhi.,+B.,+Tri., 8-control).
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Table (12): Presence (1) versus absence (0) of SDS-PAGE protein bands of
soluble protein extracted from faba bean plants (Giza 716 cv.,):

No | MW(kd) | Rhi., | B., | Tri., | Rhi., | Rhi,*Tri., | Rhi.,+B., | Rhi,+B.+Tri, | Control
+B.,
1 | 183830 | © 0 0 1 0 0 0 1
2 | 180990 | 0O 0 0 0 1 1 0 0
3 | 172570 | O 0 1] 0 0 0 1 0
4 | 169.850 0 0 1 0 0 0 ] 0
5 | 160.665 1 1 0 0 0 0 0 0
& | 127.600 0 0 0 0 0 0 0 1
7 | 117.240 0 0 0 1 1 1 0 0
8 | 112.370 1 0 0 0 0 0 0 0
[ 9 | 108.860 0 0 1 0 0 0 1 0
10 | 104.620 1 0 0 1 0 | 0 0 0
11 | 100.540 0 0 0 [] 1 b — 0 0
12 | 097.400 0 0 0 0 0 1 0 0
13 | 087.198 1 1 1 0 0 0 1 0
14 | 083.737 0 0 1 1 1 0 0 4
15 | 056.236 0 L] 0 0 0 1 0 0
16 | 051.549 0 0 1 1 0 0 0 0
17 | 037.421 0 0 0 0 0 1 0 0
18 | 035.505 1 1 0 0 0 0 0 0
18 | 032.842 0 0 1 1 1 1 i 1
20 | 031.408 1 1 0 0 1 0 0 0
21 | 030.182 0 0 1 0 0 0 0 0
22 | 028.820 1 ] 0 0 0 0 0 1
23 | 025.310 1 0 0 0 0 1 1 0
24 | 022,640 1 ] 1 1 1 0 0 4
25 | 018.584 1 0 0 0 0 0 0 0
26 | 012.401 0 0 0 0 1 1 0 1
27 | 010.966 0 1 1 1 0 0 1 ]
28 | 009.292 1 0 0 0 0 0 0 0

W

Figu 3; Effect orhizosphere microorganims on protein ahalysls of Giza
716 faba bean plants (1- Rhi., 2-B., 3-Tri., 4-Rhi.,+B., 5- Rhi., +Tri., 6-B., +Tri.,
7-Rhi.,+B.,+Tri., 8-control).

664



Role of some rhizosphere microorgﬁrisms on the growth ..................

REFERENCES

Abd-alla, M. H. (1994). Use of organic phosphorus by Rhizobium
leguminosarum bv. viciae phosphates. Biol. Fertil. Soils, 8: 216-218.

Alagwadi, A. R. and A. C. Gaur (1988). Associative effect of Rhizobium and
phosphate-solubilizing bacteria on the yield and nutrient uptake of
chickpea. Plant and Soil, 105: 241-246.

Ammar, M. M. (2003). Fungi (second part): physiology, reproduction and their
relation to human and environment. El-dar El-Arabia for press and
distribution. Cairo, pp.597.

Anusuya, D. and S. B. Sullia (1985). Interaction between Rhizoblum and three
soil fungi. Trop. Agric., 62: 13-14.

Backman, O. C. (1997). Fertilizers and biological nitrogen fixation as sources
of plant nutrients: Prospective for future agriculture. Plant & Soil, 194:11-
14,

Ballard, R. A., A. Mcinnes and J. A. Davidson (2004). Size, Symbiotic
effectivness and genetic diversity of field pea rhizobia (Rhizobium
leguminosarum bv. viclae) populations In South Australian Soils. Soil
Biology and Biochemistry, 36:1347-1355.

El-Kkomy, H. M. A. (2005). Compnobilization of A. lipoferum and B.
megaterium for plant nutition. Food Technol. And Biotechnol., 43(1): 19-
27.

El-Sheikh, E. A. and A. A. El-Zaidany (1997). Effects of Rhizobium inoculation,
organic and chemical fertilizers on yield and phesical properties of faba
bean seeds. Plant Foods Hum. Nutr_, 51(2): 137-144.

Gary Stacey, Marc Libault, Laurent Brechemmacher, Jinrong Wan and
Gregory D. May (2006). Genetics and functional genomics of legume
nodulation. Current Opinion in Plant Biology, 9 (2): 110-121.

Hassouna, M. G. (1962). Soil microorganisms and nutrient relations in plant
colonization. Ph.D. Theses. University Cllege of wales.

Jain, P. C,, P. S. Kushawaha, U. S. Dhakal, H. Khan and S. M. Trivedi (1999).
Response of chickpea (Cicer arletinum L.) to phosphorus and biofertilizer,
Legume Res., 22:241-244.

Khurana, A. S. and P. Sharma (2000). Effect of dual inoculation of phosphate
solubilizing bacteria, Bradyrhizobium sp., (cicer) and phosphorus on
nitrogen fixation on yild of chickpea. Indian J. Pulses Res., 13: 66-67.

Naseby, D. C., J. A. Pascual and J. M. Lynch (2000). Effect of biocontrol
strains of Trichoderma on plant growth, Puthium ultimum populations,
soil microbial communities and soil enzyme activitles. J. Appl. Microbiol.,
88:161-169.

Pal, K. K., V. K. Tilak, K. A. Saxena, R. Dey and S. C. Smgh (2001).
Suppresslon of maize root diseases caused by Macrophomina phaseolina,
Fusarium moniliforme and Fusarium graminearum by plant growth
promoting rhizobacteria. Microbiol. Res., 156:209-223.

665



A.A.Guirgis et al.,

Rahal, M. M. (1978). Contro! of plant parasitic nematodes using chemical
methods. M. Sc. Theses. Fac. of Agric., Alex. Univ., Egypt.

Rudresh, D. L, M. K. Shivaprakash and R. D. Prasad (2005 a). Effect of
combined application of Rhizobium, phosphate solubilizing bacterium and
Trichoderma spp. on growth, nutrient uptake and yield of chickpea (Cicer
arietinum L.). Applied Soil Ecology, 28:139-146.

Rudresh, D. L., M. K. Shivaprakash and R. D. Prasad (2005 b). Tricalcium
phosphate solubilizing abilities of Trichoderma spp. in relation to P
uptake and growth and yield parameters of chickpea (Cicer arietinum L.).
Can. J. Microbiol. 51 (3): 217-122.

SAS Institute (1988). SAS/STAT User's Guide, Release 6.03 Edition. SAS
Institute Inc., Cary, NC 27512-8000. 1028 pp.

Siser Ghosh and P. 8. Basu (2006). Production and metabolism of indole
acetic acid in roots and root nodules of phaseolus mungo. Microbiological
Research, 161 (4): 362-366.

Subba Rao, N. S. (1981). Biofertilizers in Agriculture. Oxford&IBH Puplishing
Co., New Delhi, pp.1-6.

Zouxing Zheng and Kalidas shetty (2000). Enhancement of pea (Pisum
sativum) seedling vigour and associated phenolic content by extracts of
apple pomace fermented with Trichoderma spp. Process Biochemistry, 36
(1-2): 79-84.

666 ;



Role of some rhizosphere microorganisms on the growth ..................

g (g siaall 5 sall) o ABSaN A, clils Gamy
sl Jedd Ciligy
(s asad FAY 3o 3l () jlae sana sana (uaa Gasdud Jils

() ,58,8 Jsd Jlbla () 35, Jusa 890 (V305 s saal gl

b aal) Aiptam 40 gial) Anala —2g gl Lip ol 0SS0 g A0 50 Aeatigh Sgae —2pdjad Lip ol gl ook (1)
48N Cuppemdd yiall Aaaly —det 130 Agls— o) 538 i) pasd ~(Y)
balod) Agsamdh giall mals ~4 gl L 1aisil g 40,98 kil sgaa —3yph Aila glaal pudd —(T)
) g giall Ay — 4y gyt Uiy g1 g0 g 200500 Auaigh pae — i) yp o) i) pudh (1)
A padladl

pSliu g g puilage Cabieals 0 Jsisa gaad pan gl Sy dadae LAD L) 5 g el
3 83 mie %¥ Janay A il (1 e paite LajagSil i il g Jaf Baag "V XY 58k
piBail £l pa) 3 VAT B0 Gmaa ¥ B0, ) L ciliial bl Jeil e e 5 LA ke
s plall Ll cadl ) e B gl LY A DU 5 AN ddliaal cdlebaall clli g Ak
se bt gl Jha Joil Gl g pdll gaill Glhua (ubiy 5 Gad) clilall dlis y b
Gl gl Aay A ) el Cilial) aaad Cilad) ol 9 paid (el bl Sk, @)Y
A,asyll ddall IS g Y sae B Bagl 9B 5.4 Al ARdal dald) U AdlY dladiuls
S (s Faall Lygina Baby) calnea B g (g gl dpanadl) cBlalaal Aol Jollt clilsi o 4 gSial
Al i 4l Alalaall paadl 455 B o) 50al el il A g siill

fe o) isine sanal a gl LSy Aldladl il V i ciiiall 8 4l ap g gl ) Jalad e
Loy i Alalaall ol Ly ditide a5 o Jole Qe V7 EUH (A8 pdbote Loyl i il
Gl a8 Jid e} b Jakd 2liig e A il Cua Al G 3 pilage Galialy
A Lalead) Ly gy VY cadl] Cua dail Judadl 1) Aaadna by Soe ADEN Alalaall
Gl V gl A ol Sua gl g L a5l LajasSil i phad e g psitage (bl b 35
Giomin Al Gl ) 0 e gl ) i Alalaall il VAN B e Ciliall A ek
Gy Saa ADEY 5 53 kin pysilase Caldy iy COlalaall (o JS @l Laiy g VY ol
Agia g8 daih iy V ol Cua Aol B ) (J st AIS g dadina

667"





