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ABSTRACT: Three efficient indigenous isolates of Rhizobium
leguminosarum bv. vicieae (RZ11), Azospirillum sp. (ASH21) and
Azotobacter sp. (ZH21) were used as bio-fertilizers either single or
mixed under different levels of inorganic and organic N, —fertilizers
for broad bean (Vicia faba L.) plants cultivated in two types of soil.
The results concluded that inoculation with tri-mixture inoculants of
RZ11, ZH21 and ASH21 isolates together with organic compost gave
the best results with regard to nodulation parameters, nitrogenase
activity, and healthy plant growth with high N, P and K contents of
broad bean plants grown on beth sandy and clay soils. Inoculation
with tri-mixture inoculants of RZ11, ZH21 and ASH21 plus the
application of 1/2 N dose of inorganic N-fertilizer or receiving
recommended dose of compost gave the highest value in nodule
formation, plant dry weight nitrogenase activity, gibberellins (GA3)
and indole acetic acid (IAA) production as well as the grain yield of
plants grown in both sandy and clay soils. These results referred to
the importance of inoculation of broad bean plants with bio-
fertilizers to obtain the best performance in growth, nodulation and
N,-fixation.

Key words: Broad bean, bio-fertilizers, nitrogenase activity,
gibberellins and indole acetic acid

INTRODUCTION nitrogen  fertilizers in  the
production of food protein and oil.

The process requires that the host
crop be adequately nodulated by
Rhizobium bacteria effective 1n

Nitrogen fixation by the legume-
Rhizobium symbiotic partnership
represents an inexpensive
alternative to the use of chemical
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nitrogen fixation. Inoculation of
legumes with suitable rhizobial
strains is carrying out in many
countries to ensure nodulation
(Brock et al., 2003).

A wide range of bacteria in
rhizosphere can promote plant
growth, orchestrated by
rhizosphere bacteria that
communicate with the plant using
complex chemical signals. A
critical process that occurs on the
surface of the plant and
particularly in the root zone is
associative nitrogen fixation in
which  the nitrogen fixing
microorganisms is on the surface
of the plant root, the rhizoplane, as

well as in the rhizosphere. This -

process is carried out by
representatives of the genera
Azotobacter and  Azospirillium.
Recent evidence suggests that their
major contribution may not be in
nitrogen fixation but in production
of growth-promoting hormones
that increase root hair development
and thus greater ability of the plant
to take up nutrients (Okon 1984,
Prescott et al., 2005).

Also, application of organic
fertilizers was shown to enhance
the incidence and activities of
promoting plant rhizobacteria and
stimulating plant growth (Khamis
and Metwally, 1998 and Esitken et
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al., 2003). Al-Kahal et al. (2001)
found that application of olive oil
waste water (OOWW) and olive
cake (OC) in combination with R. -
leguminosarum inoculation
significantly increased nodulation,
shoot dry weight, N and P contents
in Vicia faba plants. Also,
Abdelhamid er al. (2004) found
that application of composts at a
rate of 20 g pot’ significantly
increased growth, yield
components and total crude protein
of broad bean plants.

On the other hand, application

of Rhizobium inoculants and
mineral nitrogen showed
remarkable increase on plant

growth and production of broad
bean (Ayneabeba ef al, 2001 and
El-Ghandour et al., 2001). a

So, there is a widespread
interest in the use of combination
of bio-fertilizers with organic or
inorganic  N-fertilizers as an
healthy alternative and cheap
source for chemical fertilizers (this
is the aim of the present study).

MATERIALS AND
METHODS

Three experiments were
conducted in the Laboratory and
Greenhouse of Agric. Microbiology
Dept. at the Faculty of Agriculture,
Zagazig University, Egypt, to
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examine the effect of indigenous
selected  biofertilizers  under
different levels of inorganic and
organic N-fertilizers on the growth
and phytohormones production of
broad bean (Vicia faba L.) plants
cuitivated in clay and sandy soil of
Sharkia Governorate.

Inocula Preparation

Among 64 isolates, three
efficient indigenous isolates of
Rhizobium  leguminosarum  bv.
vicieae (RZ11), Azotobacter sp.
(ZH21) and Azospirillum sp.
(ASH21) were chosen as the best
indigenous isolates from Sharkia
Governorate soils (Salem et al,
2006) to be used in this investigation.

Rhizobium strain was inoculated
in yeast extract mannitol (YEM)
broth (Allen, 1959) and incubated
in the dark at 28 £+ 2°C in rotary
shaker 120 rpm for 3-5 days.
Azotobacter and  Azospirillum
isolates were inoculated in
modified Ashby's medium (Abd
El-Malek and Ishac, 1968) and
NFM semisolid malate medium
(Day and Ddbereiner, 1976),
respectively, and incubated in the
dark at 28°C+2°C in rotary shaker
120 rpm for 7 days.

Seil Types and Analysis

Two different soil textures were
used in these  greenhouse
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experiments, namely clay and
sandy soils obtained from Zagazig
and Salhia, located in Sharkia
Governorate, Egypt. The
mechanical and physicochemical
anaylsis of both soils were
described according to Jackson
(1970) and Harrigan and McCance
(1966) and listed in Table 1. The
soil was collected from top layer
(0-30 Cm depth) then distributed
in plastic pots (25 Cm diameter
and 20 Cm depth) at the rate of 6
kg per pot.

Inorganic Fertilizers

The recommended doses of the
inorganic fertilizers for broad bean
are, 100 kg fed!, 75 kg fed
'ammonium sulphate (20.5 % N),
for sandy and clay soil,
respectively, 200 kg fed”, 150 kg
fed 'calcium superphosphate (15.5
% P,0s) for sandy and clay soil,
respectively.  While potassium
sulphate is 50 kg fed”' for both
soils. Calcium superphosphate and
potassium sulphate were added just
before sowing in both soils for all
treatments, while ammonium
sulphate was added in two equal
doses, before cultivation and after
15 days from planting in sandy
soil, while in clay soil, it was
added after 10 days from planting.
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Table 1. The locations of soil samples selected for isolation of
Rhizobium, Azotobacter and Azospirllum

Type of soil analysis Properties Salhia soil Zagazig soil
Physical analysis pH 8.12 7.6
EC mmhos.Cm’ 3.10 2.67
Mechanical analysis  Fine sand % 24.45 27.1
Coarse sand % 71.15 7.12
Silt % 2.00 12.97
Clay % 2.40 52.82
Type of seil Sandy Clay
Chemical analysis Cationes
Ca'™” 0.19 0.54
Mg™ 0.30 0.66
Na* 0.79 1.49
K* 0.06 0.07
Aniones
HCos 0.31 0.48
Cr - 0.43. 1.28
So4” 0.61 1.52
Cos™ Traces Traces
0.015 0.14

Total nitrogen %
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Organic Fertilizer

Garbage compost was provided
from the organic fertilizers
company, Cairo, Egypt. It has an
organic carbon of 30 %, total
nitrogen 1.0 %, moisture, 35 %
and pH 7.5 + 0.2. Garbage
compost was thoroughly mixed
with soil 20 days before cultivation
in both sandy and clay soil
[recommended dose is 5 ton fed™
(0.5 %) in sandy soil and 2 ton fed"

(0.2 %) in clay soil].

Experimental Design and
Treatments Study on the
Selected  Biofertilizers on

Growth of Broad Bean Plants
under Different Levels of N-
Application

Pots were filled with non-sterile
sandy or clay soils as mentioned
before. The sterilized seeds of
broad bean (Giza 843, from
Agronomy Dept. Agric. Res.
Center. Giza, Egypt) were soaked
in Rhizobium, suspension at the
rate of 1x10° cfu/ml for two hours.
In addition, control seeds were
soaked in distilled water. Five
seeds were sown and then 5 ml of
cell suspension was applied over
the seeds in each treated pot and
covered with soil.

The first greenhouse experiment
was carried out to examine the
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effect of selected bio-fertilizers on
growth of broad bean plants. Pots
were amended with the following
treatments: control (uninoculated),
inoculated with RZ11, inoculated
with RZ11 + ZH21, inoculated
with RZI11 + ASH21, and
inoculated with RZ11 + ZH21 +
ASH21. The experimental design
was completely randomized with 5
treatments and 3 replicates.

The second greenhouse
experiment was carried out to
examine the effect of using bio-
fertilizers with or  without
inorganic fertilizers on growth of
broad bean plants. Pots were
amended with the following
treatments: control (uninoculated
and without inorganic N-fertilizer),
uninoculated + normal field dose
of inorganic N-fertilizer, inoculated
with RZ11, inoculated with RZ11
+ normal field dose of inorganic
N-fertilizer, inoculated with RZ11
+ 1/4 the normal dose of inorganic
N-fertilizer, inoculated with RZ11
+1/2 the normal dose of inorganic
N-fertilizer, inoculated with RZ11 +
3/4 the normal dose of inorganic N-
fertilizer, and inoculated with
RZ11, ZH21 and ASH21 + 1/2 the
normal dose of inorganic N-
fertilizer. The experimental design
was completely randomized with 8
treatments and 3 replicates.
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The third greenhouse
experiment was carried out to
examine the effect of selected
biofertilizers with or without
organic fertilizers on growth of
broad bean plants. Pots were
amended with the following
treatments: control (uninoculated
and without organic N-fertilizer),
uninoculated + normal field dose
of organic N-fertilizer, inoculated
with RZ11, inoculated with RZ11
+ normal field dose of organic
fertilizer, inoculated with RZ11 +
1/2 normal dose, inoculated with
RZ11 + double normal field dose,
and inoculated with RZ11, ZH21

and ASH21 + normal dose of
organic fertilizer. The
experimental design was

completely randomized with 7
treatments and 3 replicates.

In all the three experiments,
after ten days, plants were thinned
to three plants/pot and watered
daily with tap water (up to 60%
whc). After 55 days from planting,
plants were uprooted. Plant tops
were dried at 70 °C, weighed and
ground. Immediately after removal
of the tops, response samples of
the roots containing nodules from
each plant of the respective
treatment were taken, transferred
to the reaction jars for determining
the nitrogenase activity using the
acetylene reduction assays method

Salem, et al,

(Hardy et al., 1973). Nodules were
then counted and separated from
root, dried and  weighed.
Nitrogenase activity was estimated
on bases of per hours per gram
weight of nodules. The nitrogen
content in both shoots and roots
was then determined
colorimetrically using Nessler
solution according the method
described by Naguib (1969).

Total phosphorus content in
root and shoots was determined
colorimetrically by the
hydroquinone method as described
by Snell and Snell (1954). Total
potassium content in roots and
shoots using a Carlzeiss flame-
photometer with acetylene burn
described by Brown and Lilleband
(1964) was also determined.

Extraction and Determination
of Phytohormenes (IAA, IBA
and GAj;) from Root Plants

The extraction from fresh root
sample was carried out according
to method of Shindy and Smith
(1975). Standard and extracts of
hormonal compound were
determined according to method
described by Frankenberger and
Brunner (1983) and Grolamys and
Servando (1997).

At maturity the rest of all plants
were harvested and seed index and
total nitrogen were determined.
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Finally, the data were subjected
to statistical analysis as a complete
randomized design according to
Snedecor and Cochran (1980).

RESULTS AND
DISCUSSION

Response of Broad Bean
Plants to Bio-fertilizers under
Cultivation in Sandy and Clay
Soils

A pot experiment was
conducted to evaluate the response
of broad bean plants (Giza 843)
grown in sandy and clay soils to
inoculation with either RZ11 or
with ZH21 or with ASH21 or with
tri-mixture inoculants of RZI11+
ZH21+ASH21. The response of
the plants was evaluated by
determining the nodule formation,
plant dry weight, nitrogenase
activity, nitrogen, phosphorus and
potassium contents as well as the
grain yield of broad bean plants.

Data in Table 2 showed that the
number of nodules/plant
significantly increased by
inoculation of seeds with rhizobia
alone or with either of nitrogen
fixing isolates of bacteria ZH21
(Azotobacter) and ASH21
(Azospirillum) compared to the
uninoculated broad bean seeds in
both sandy and clay soils.
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Inoculated seeds with tri-mixture
inoculants significantly giving the
highest values of nodule number
(average 20.33 nodules/ plant).
While the highest value of nodule
dry weight was obtained by the
treatment inoculated with RZI11
alone in clay soil (42.33 mg/plant),
followed by the treatment
inoculated with RZ11 + ZH21
(38.33 mg/plant) in sandy soil.

Concerning nitrogenase activity
,the highest value was obtained by
treatment inoculated with RZ11 +
ZH21 giving 5.342 p mole C, Hy
h'g! dry nodules followed by the
treatment inoculated with tri-
mixture inoculants showing 4.635
u mole C; Hy h! g'1 dry nodules in
sandy soil. The nitrogenase
activities  of  the  different
treatments were in parallel with
those obtained by nodule numbers
and dry weight of nodules. These
results confirmed those reported
by Salem et al (1983) and
Abdelhamid et al. (2004). They
demonstrated that Rhizobium-
inoculation significantly increased
the number and dry weight of
nodules of broad bean cultivated
in newly reclaimed soil of Egypt.
In addition, there was a beneficial
effect due to application of co-
inoculants containing other micro-
organisms, which are able to improve
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Table 2. Effect of bio-fertilizers on the growth and N,-fixation of broad bean plants cultivated in
sandy and clay soil

Seil  textures Nitrogenase
Number of Nodules dry Lo Shootdry Rootdry . .
nodules/ weight activity p weight weight Total N/shoot Total N/ root Total P/plant Total K/plant Weight of

panc gy "OSCHME L Do (owpn (g (rgplan) (nglang 100seeds g) ™70 S

I;:a tu:\ Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay
Centrol 467 000 633 000 0128 000 130 113 024 022 3771 3373 3.63 347 482 3.69 4470 4199 37.12 49.15 318 320
Inoculation by

RZI1° 1733 16.67 16.00 4233 4.040 3.905 207 199 055 045 8345 7870 1196 1081 1253 935 110.87 99.60 5720 7410 357 382

RZI1+ZH21 2333 14.67 3833 1600 5342 0969 252 191 046 042 8824 6687 910 962 1452 864 10958 8343 61.00 79.00 3.67 3.81
RZI1+ASH21 1267 1667 1633 1567 4362 1137 198 271 056 063 73.70 9862 11.10 1340 14.67 1479 72.04 13739 54.60 80.80 353 387

RZ11+ZH21+

ASH21™ 2033 2033 3133 21.00 4.635 1.850 226 2.68 042 058 88.77 109.61 871 12.15 13.67 16.18 102.72150.14 5855 79.05 3.75 3.86

Soil textureav. 1567 13.67 2640 19.00 - - 202 208 045 046 7437 7751 890 989 1204 1053 87.98 10251 53.49 7242 354 371

LSD for Soil . Soil . Soil .. Soil Soil . Soil Soil .. Soil o Soil .. Soil . Soil -
t Fertili, Fertili, texture Fertili " Fertili " Fertill. Fertl'll. texture Fertili, texture Fertili. Fertili. texture Fertili. texture Fertili.

0.05 NS 370 NS NS - - NS 038 NS 010 NS 158 NS 207 NS 219 987 1560 208 329 005 008

0.01 NS 545 NS NS - - NS 056 NS 015 NS 2338 NS 305 NS 322 NS 2296 306 483 007 011

* Inoculation with Rhizobium leguminosarum bv. vicieae (RZ11).
** Inoculation with Rhizobium leguminosarum bv. vicieae (RZ11), Azotobacter spp. (ZH21) and Azospzrlllum spp. (ASH21).
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legume growth and nodulation
(Salem et al., 1984, Mishra et al.,
1999 and Rodelas et al., 1999).

Data  showed also  that
application of Dbio-fertilization
increased the shoots and roots dry
weight of broad bean plants over
the control treatment grown in
both sandy and clay soils. The
treatment inoculated with tri-
mixture inoculants gave average of
2.47 g/plant for shoots dry weight.
While the highest values of root
dry weights were obtained also by
plants inoculated with RZ11 mixed
with ASH21 in both sandy and
clay soils, being 0.56 and 0.63
g/plant, respectively. The
statistical differences among bio-
fertilization treatments were highly
significant (p<0.01). The obtained
résults agreed with those reported
by Salem ef al. (1981); Hassan et
al. (1990) and Hassan (1997), who
found that, the average values of
plant fresh and dry weights of snap
bean significantly increased by
seed inoculation with Rhizobium as
compared with the control. In this
respect also Shumin et al. (2004)
found that the dual inoculation of
broad bean with R. leguminosarum
and G. mosseae increased the plant
height, chlorophyll content and
number and weight of nodules of
broad bean. The biomass of broad
bean increased by 21.5 and 20.7 %
when inoculated with G. mosseae
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alone and/or combined with R.
leguminosarum, respectively.

Data in Table 2 also show that
application  of  bio-fertilizers
significantly increased the total
nitrogen content in shoots and
roots comparing with the control
treatment. The highest values in
shoots were also obtained by the
treatment inoculated with tri-
mixture inoculants, showing 88.77
and 109.61 mg N/plant in both
sandy and clay soils, respectively.
While, in roots, the treatment
inoculated with RZ11 and ASH21
gave the highest value (13.40 mg
N/plant) in clay soil, followed by
the treatment inoculated with
RZ11(11.96 mg N/plant) in sandy
soil. The differences among
treatments were highly significant
(p<0.01). Similar results were also
obtained by Salem et al. (1981);
Hassan et al. (1990); Hamaoui et
al. (2001); Brock et al. (2003) and
Abdelhamid et al. (2004).

Regarding the total phosphorus
content in whole plant, the highest
value (16.18 mg P/plant) was
obtained by the treatment inoculated
with tri-mixture inoculants in clay
soil. The control treatment had the
lowest values (4.82 and 3.69
P/plant) in both sandy and clay
soils, respectively. These results
confirmed the findings reported by
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Rodelas et al. (1999) and

Abdelhamid et al. (2004).

The total potassium content in
whole plant shows a great
variation in both soils. Inoculation
with RZ11 only gave the highest
value (110.87 mg K') in sandy
soil, while inoculation with both
RZ11 plus ASH21 gave the
highest value (150.14 mg K" in
clay soil. The statistical differences
among fertilization treatments
were highly significant (p < 0.01).
These results verify the findings
reported by Patel et al. (1985);
Rodelas et al. (1999) and El-
Sawah (2000).

The clay soil produced
significantly higher seed index,
being 72.42 g/100 seeds than
sandy soil which was 53.69 g/100
seeds. Application of bio-fertilizers
(RZ11, ZH21 and/ or ASH21)
increased the nitrogen percent in
seeds. The highest values were
3.75 and 3.87 % N % in seeds of
broad bean plants grown in both
sandy and clay soils, respectively.
In this respect, Pathak er al.
(1997); Dadarwal et al. (1997) and
Hedge et al. (1999) explained the
role of  bio-fertilizers in
leguminous crops. They reported
that these bio-fertilizers play an
important role in enhancing crop
productivity  through  nitrogen

Salem, et al.

fixation, phosphate solubilization,
plant  hormone  productivity,
ammonia excretion and to control
various plant diseases.

Garcia et al. (2004) reported
that the inoculation modes of plant
growth promoting rhizobacteria
(PGPRs) plus rhizobia play a very
important role in the produced
effects since the PGPRs interact
synergistically with the root nodule
bacteria.

Response of Broad Bean
Plants to Bio-Fertilizers and
Inorganic N-Fertilizers under
Cultivation in Sandy and Clay
Soils

Data in Table 3 show the effect
of bio-fertilization and inorganic
N-fertilizers application  on
nodulation, nitrogenase activity,
plant dry weight and total nitrogen,
phosphorus, and  potassium
contents, as well as grain yield of
broad bean plants. The results
showed that the highest number
and dry weight of nodules were
obtained by treatment the plants
with-1/2 N (10 kg nitrogen / fed) +
inoculation with isolate RZ11 in

sandy  soil  giving = 24.33
nodules/plant and 53.33 mg/plant,
respectively and treatment

receiving only 1/4 N (5 kg nitrogen
/fed) + inoculation with isolate RZ11



Table 3. Effect of bio-fertilizers and inorganic N-fertilizers on the growth and N; - fixation of broad
bean plants cultivated in sandy and clay soil

Soil  textures Nitrogenase
Number of Nodulesdry activityp  Shootdry  Root dry Total Total .
nodules’  weight mole  weight  weight  Nishoot LCBINTOOL  pone Total KiplantWeight of 100

N% in seeds
plant  (mgplan) CH/hgdry gplant  ghplant  (ngplang TEPO (nypiang (PG sceds@)
nodule

Fertilization Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay
treatments

Centrol 4.67 000 633 000 0128 0000 130 113 024 022 37.71 33.73 3.63 347 482 3.69 44.70 41.99 3725 49.15 3.18 320
Inoculation by

RzZ11" 1733 16,67 16.00 4233 4.040 3905 207 199 055 042 8348 78.70 1196 9.75 1253 6.61 110.87100.75 5720 7410 357 382
Nitrogendose (N) 500 000 667 000 2137 0000 223 138 043 035 80.08 5235 769 707 1271 653 9321 7561 5525 5865 359 347
N+RZ11* 1667 000 2333 000 4.817 0000 216 152 048 033 79.79 6603 941 719 1348 8.09 10514 7244 59.20 6545 365 365

14N+ RZ11* 1633 14.67 18.00 70.67 3.489 2377 167 1.64 031 032 6396 5698 583 6.82 1145 722 7145 70.88 49.10 6640 355 357
12N+ RZI1* 2433 833 5333 3633 5446 1264 225 1.74 043 047 8885 6753 12.63 1062 12.73 767 9720 9498 5800 7570 380 3.73
3/4 N+RZ11* 16,67 1433 1533 2033 3362 0.082 180 191 045 045 6847 7020 9.01 986 1033 926 8116 9553 54.00 73.15 371 3.76
12N+

RZ11+ZH21+ASH

a” 1967 800 3500 16.67 7423 1427 2.15 200 048 050 9564 7625 1019 921 1552 9.77 9991 94.78 5920 7405 381 381

Soil texture av, 1508 7.75 21.75 2329 - - 195 166 042 038 7475 6272 879 800 11.70 735 8795 80.87 5365 67.08 361 363

LSD for Soit .. Soil . Soil . Soil 5 Soil . Soil - Soil . Soil .. Soil .. Soll Fertiliz Soit Fertili
Fertili. Fertifi. FmtextureFm Fertili Fertili. Fertili, ‘exmmFﬂﬂL Fertli, texture ation texture zafion

0.05 214 427 NS 2307 - - 023 NS NS 009 960 1919 NS 215 119 238 NS 2048 093 185 NS 0.08

0.01 309 618 NS NS - - NS NS NS 013 NS 2779 NS 311 172 344 NS 2965 134 268 NS 011

* Inoculation with Rhizobium leguminosarum bv. vicieae (RZ11).
** Inoculation with Rhizobium leguminosarum bv. vicieae (RZ11), Azotobacter spp. (ZH21) and Azospirillum spp. (ASH21).
N: Recommended dose of nitrogen (20 kg N in sandy soil and 15 kg N in clay soil).
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in clay soil showing 14.67 nodules/
plant and 70.67 mg/plant,
respectively. The  differences
between soil textures were not
significant.

The highest value of nitrogenase
activity was obtained by treatment
of the plants with 1/2 N dose +
inoculation  with  tri-mixture
inoculants (RZ11, ZH21 and
ASH21) in sandy soil, showing
7.423 1 mole C,H4/h/g nodules dry
weight. In clay soil, however the
plants did not form nodules and
hence no nitrogenase activity was
detected. This could be attributed
to the high amount of nitrogen in
clay soil as seen in chemical
analysis (Table, 1) which could be
deleteriously affected the nodule
formation in such soil.

These results are in agreement
with those obtained by Hassan et
al. (1990). Who found that the
increase of dose of nitrogen
fertilizer led to marked decrease in
nodulation of broad bean and
amount of N-fixed. Also clay soil
showed relatively lower
percentage of nitrogen derived
from atmosphere as compared with
both calcareous and sandy soils. In
this respect, Narendra et al. (1996)
and Hussein et al (1997).
Recently, Hamaoui et al. (2001)
demonstrated that inoculation with

Salem, et al.

Azospirillum brasilense significantly
enhanced nodulation by native
Rhizobium and improved root and
shoot development of chickpea and
broad bean plants when compared
to the uninoculated control.

Our results concluded that
inoculation  with  tri-mixture
inoculants of RZ11, ZH21 and
ASH21  isolates  plus  the
application of 1/2 dose inorganic N
gave the best results with regard to
number of nodules, nodules dry
weight and nitrogenase activity in
broad bean plant cultivated in
sandy and clay soils.

The results showed that the
highest value of shoot dry weight
was obtained by treatment
receiving 1/2 N dose + RZ11 in
sandy soil and treatment receiving
1/2 N dose + inoculated with tri-
mixture inoculants of RZ11, ZH21
and ASH21 in clay soil, being 2.25
and 2.00 g/plant, respectively. The
differences between soil textures
were significant (P < 0.05).

In addition, the highest average
root dry weight (0.49 g/plant) was
recorded for plants treated with 1/2
N dose + inoculated with tri-
mixture inoculants of RZ11 +
RZ21 and ASH21 as compared
with the averages of all other
treatments of both sandy and clay
soils.
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The obtained data are in
agreement with those reported by
Hassan et al. (1990), El-Ghandour
and Galal (1997), Namdeo and
Gupta (1999) and Ayneabeba er al.
(2001). The latter revealed that the
inoculation of broad bean plants
with Dbio-fertilizers and applied
inorganic N-fertilizer gave the best
results with regard to shoots, roots
and whole plant dry weights.

Dong et al. (2005) reported that,
while N application can supply
sufficient nutrients to improve
plant production, it also leads to a
worldwide concern about
environmental contamination
resulting from excessive nitrate
leaching. N,-fixing bacteria may
be important for plant nutrition by
increasing N uptake by the plants,
and playing a significant role as
plant growth promoting
rhizobacteria (PGPR) in the
biofertilization of crops.

Concerning the total nitrogen
content, the highest value in shoots
was recorded by the treatment
received 1/2 N dose + inoculation
with tri-mixture inoculants of
RZ11 + ZH21 + ASH21 under
growing in sandy soil, giving
95.64 mgN/plant as compared with
the control which showed 37.71
mgN/plant. While the highest
value in clay soil was recorded by
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the treatment inoculated with
RZ11 only being 78.70 mgN/plant
as compared with the control
which showed 33.73 mg N/plant.

The total nitrogen content in
roots of broad bean plants showed
nearly the general trend like
shoots. The statistical differences
among fertilization treatments
were highly significant (P < 0.01).

These results are in harmony
with those obtained by Hussein ez,
al. (1997); El-Ghandour et al.
(2001) and Brock et al. (2003). In
addation, Rodelas er al. (1999),
pointed out that co-inoculants of
broad bean with Rhizobium
leguminosarum bv. vicieae +
Azotobacter and Azospirillum led
to changes in total N content
concentration and/or distribution
of macro and micronutrients, K, P,
Ca, Fe, Mg, Mn, B, Zn, and Cu
when compared with plants
inoculated with Rhizobium only.

Data presented in Table 3
exhibit the total phosphorus
content in whole broad bean plant
as affected by Dbiofertilizers
application. Application of 1/2N
dose and inoculation with tri-
mixture inoculants of RZ11, ZH21
and ASH21 gave the highest
values in both sandy and clay soil,
being 15.52 and 9.77 mg P/plant,
respectively. The lowest values
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were obtained by the uninoculated
treatment (control), being 4.82 and
3.69 mg P/plant in both soils,

respectively. The statistical
differences among fertilization
treatments and between soil

textures were highly significant (p
< 0.01). These results confirmed
those obtained by Rodelas et al
(1999).

Regarding the total potassium
content in whole plant, the results
showed that the treatment
inoculated with RZ11 gave the
highest value as compared to the
other treatments. The statistical
differences among treatments were
highly significant (P<0.01), but the
differences between soil textures
were not significant.

In general, the results referred
to the importance of inoculation of
broad bean plants grown either in
sandy or clay soils with Rhizobium
leguminosarum bv. vicieae
(RZ11), Azotobacter spp. (ZH21)
and Azospirillum spp. (ASH21) to
realize the highest plant growth
containing high values of N,P and
K in the whole plant.

In biomass vyield, results
indicated that there were highly
significant (P<0.01) differences
among fertilization treatments, and
between soil textures. The highest

Salem, et al,

value was obtained by the
treatment receiving 1/2 N dose +
inoculation with isolate RZ11
(75.70 g/100 seeds) in clay soil, as
compared with the control.

In addition, data also show that
inoculation of broad bean with tri-
mixture inoculants of RZ11, ZH21
and ASH21 in both sandy and clay
soils resulted in the highest
nitrogen (%) in seeds (3.81N%).

Dual inoculation of legumes
with Azospirillum and Rhizobium
has been found to increase several
plant-growth  variable = when
compared with single inoculation.
Azospirillum is considered a
Rhizobium helper by stimulating
nodulation, nodule function and
possibly plant metabolism.
phytohormones  produced by
Azospirillum promoted epidermal-
cell differentiation in root hairs
that icreased the number of
potential - sites for rhizobial-
infectoion (Andreeva et al., 1993).

These results also emphasize
the role of  bio-fertilizers
application as inoculants for
increasing the seeds index of broad
bean plants grown in both sandy
and clay soils (Hassan et al., 1990;
Hussien et al, 1997 and EL-
Ghandour et al., 2001).
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Response of Broad Bean
Plants to Bio and Organic
Fertilizers under Cultivation
in Sandy and Clay Soil

The response of the plants was
evaluated by determining the
nodule formation on the root
system, the plant dry weight,
nitrogenase activity, total nitrogen,
phosphorus and potassium
contents as well as the grain yield
of broad bean plants (Table, 4).

Data presented in Table 4 show
that the highest number of nodules
(20 nodules™) was obtained by the
treatment receiving recommended
dose of compost and inoculated
with RZ11 in sandy soil. While the
control treatment gave the lowest
numbers of nodules in both soils.
The differences among fertilization
treatments were highly significant
(P<0.01).

Regarding the dry weight of
nodules, the results showed that
inoculation of broad bean plants
grown in both sandy and clay soils
with isolate RZ11 or with tri-
mixture inoculants of RZ11, ZH21
and ASH21 and combined with
organic fertilizers increased the
nodules dry weight in both soils
with relatively high values for the
last as compared to control
treatment. The last treatment gave
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the highest values of nodules dry
wei%ht in clay soil, being 36.67
mg . The differences among
fertilization treatments were highly
significant (P<0.01). Concerning
the nitrogenase activity, the
highest value was recorded by the
same treatment receiving compost
(5 ton/fed.) and inoculated with tri-
mixture inoculants in sandy soil
8.096 u mole C,H; hlg' dry
nodules.

The results showed also that the
highest shoot dry weight values
was obtained by treatment
receiving compost and inoculated
with tri-mixture inoculants in
sandy soil, giving 2.54 g/plant,
compared to control treatment
(1.30 g/plant). Only the statistical
differences among fertilization
treatments were significant
(P<0.05). The root dry weights,
showed the same trend. The
statistical ~ differences  among
fertilization treatments were highly
significant (P<0.01).

Data show that application of
bio and organic fertilizers
increased the toal N content in
shoots and roots of broad bean
plants comparing with the control
treatment. The highest value in
shoots was obtained by the
treatment inoculated with tri-
mixture inoculants combined with
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Table 4. Effect of bio and organic fertilizers on the growth and N; -fixation of broad bean plants
cultivated in sandy and clay soil

Soil  textures Nitrogenase
Nodulesdry activityp Shootdry Rootdry Total Total N/ Total

::d“u‘:'g‘gm weight ~ mole  weight  weight  Nishoot  root  P/plant T;’n‘:,‘;{;’:t‘)‘“ wvge‘gh“’(;) NY% in seeds
P (mgiplant) CH/wg  gplant  gplant (mgfplant) (mg/plant) (mgplant) seeds
dry nodule :
Fertilization
treatments Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay
Control 467 000 633 0.00 0.128 0.000 130 1.13 024 022 37.71 33.73 3.63 347 482 3.69 4470 4199 3725 49.15 318 3.20
Inoculation by RZ11" 1733 16.67 1600 4233 4.040 3.905 2.07 199 055 042 8345 7870 11.96 9.75 1253 931 110.87 100.75 5720 74.10 357 382
Compost dose 1333 0.00 18.67 0.00 2.990 0.000 157 1.68 032 034 52055307 565 684 671 674 64.71 7L73 4785 6440 337 345
Comp. +RZ11* 2000 19.67 2833 36.00 6.692 4475 189 226 051 043 6842 85.67 !0.65 878 10.10 7.89 100.00 81.65 5690 78.70 384 391
2 Comp. +RZI11* 1867 833 17.67 2433 5969 0.153 1.69 165 043 035 6556 65.77 8.01 7.61 9.33 13.01 87.14 11226 55.85 68.60 3.76 3.81
172 Comp.+RZ11* 1633 1433 28.67 17.00 3903 0240 134 178 031 044 4656 6097 553 9.72 531 7.26 59.69 71.10 4730 €940 357 3.61
CompARZIHZH21+A
SH21™ 15.00 1533 2533 36.67 8.096 2.131 254 203 053 042 97.88 79.76 1240 1091 14.51 14.54126.09 11207 64.10 72.00 383 3.83
Soil texture av. 15.05 10.62 2014 2233 - - L77 179 041 037 6452 6538 826 815 9.04 892 84.74 8465 5235 68.05 359 3.66
LSD for Soeil .. Soil o Soft o Soil o Soil o Soil .. Sol Fertili Soil Fertlli Soil .. Soil Fertiliz Soil Fertiliz
texture Fertli texnmepthcMmFMhtenmeFmtextumFmtexmmFmtemm . texture . texture Fertil texture ation texture afion
0.05 181 338 NS 1372 - - NS 049 NS 011 NS 1958 NS 025 NS 250 NS 2117 161 3.02 004 007
0.01 262 491 NS 1994 - - NS NS NS 016 NS 2846 NS 037 NS 363 NS 3076 234 439 005 0.0

* Inoculation with Rhizobium leguminosarum bv. vicieae (RZ1 1)
** Inoculation with Rhizobium leguminosarum bv. vicieae (RZ11), Azotobacter spp. (ZH21) and AZospirillum spp. (ASH21).
Comp.: Recommended dose of compost (5 ton/fed. in sandy soil and 2 ton/fed. in clay soil).
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recommended dose of compost in
sandy soil, being 97.88 mg
N/plant. Concerning the total N
content in roots, data showed the
same general trend like shoot parts.
The significant differences among
treatments were highly significant
- (P<0.01). This confirmed the
~ previous results of nodulation dry
weights and Njase activity of
broad bean plants indicating the
clear impact of bio-fertilizers and
organic manure on the productivity
of the plants especially in sandy
soil. Moherram et al. (1998),
Subba Roa (1999) and Abdelhamid
et al. (2004) came also to the same
general conclusion.

Concerning the total
phosphorus content (Table, 4) in
whole plant, the treatment received
compost and inoculated with tri-
mixture inoculants of RZ11, ZH21
and ASH21 gave the highest
values in both sandy and clay soils
showing14.51 and 14.54 mg
P/plant, respectively. Also the total
potassium content, gave the same
trend as found in total phosphorus
content, the values in both sandy
and clay soils were 126.09 and
112.07 mg K/plant, respectively.
The differences among fertilization
treatments were highly significant
(P<0.01), but the differences
between soil textures were not
significant.
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The effect of bio and organic
fertilizers on biomass yield (g/100
seeds), and nitrogen % of plants
grown in both sandy and clay soils
are given in table, 4. Results
showed that the highest value was
obtained by the treatment
inoculated with RZ11 combined
with compost in clay soil (78.70
g/100 seeds). Result of plants
grown in clay soil had higher
values than sandy soil, being 68.05
and 52.35 g/100 seeds for the first
and second soil, respectively. The
differences between soil textures
were highly significant (p < 0.01).

In addition, the inoculation with
RZ11 combined with compost
gave the highest nitrogen (%) in
seeds of broad bean plants growing
in both soils, the values were 3.84
and 3.91 N % in sandy and clay
soils, respectively. The statistical
differences in nitrogen (%) among
fertilization treatments and
between soil textures were highly
significant (p < 0.01). These
results are in agreement with those
obtained by Abd EL-Ghany et al.
(1996) and Sarwar et al. (1998).

Also, Badawi (2003) and
Desoki, (2004) demonestrated that
compost addition could supply
growing plant with essential
nutrients as well as improved the
physical, chemical and biological
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properties of soil that consequently
reflected on rhizospheric microbial
activity and subsequently root
colonization.

Effect of Bio-Fertilizers Only
or Combined with Inorganic
or Organic N-Fertilizers on
Ga;, Iaa and Iba Content in
Reots of Broad Bean Plants

The three isolates, RZ11, ZH21
and ASH21, used in this study
were able to produce GAj;, TAA
and IBA in pure cultures. Data in
Table 5 show that the highest
values of gibberellins (GA3) and
Indole acetic acid (IAA) were

obtained by the treatment
inoculated with tri-mixture
inoculants combined with the

recommended compost dose in
sandy soil, being (101.05 pg /plant
and 1.27ug/plant fresh roots,
respectively) followed by the
treatment inoculated with RZ11
combined with %2 dose of inorganic
N-fertilizers in clay soil (74.88
ng/plant fresh roots) concerning
GA; and the treatment inoculated
with RZ11 only in clay soil (1.35
pg/plant fresh roots) concerning
IAA.

Regarding the IBA, the highest
values were obtained by the
treatment inoculated with RZ11
rely in both sandy and clay soils,

Salem, et al,

being 344.15 and 513.01 pg/plant
fresh roots, respectively. Our
results demonstrated that RZI11,
ZH21 and ASH21, produced the -
highest amounts of GAj;, IAA and
IBA and these isolates
significantly increased the
different growth parameters of
broad bean pl.iits. The obtained
results are in agreement with those
reported by Mishra et al. (1999)
and Rodelas et al. (1999). They
found that the interest in developed
Co-inoculants  contains  other
micro-organisms, which are able to
improve legume growth, included
rhizobacteria ~ which  promote
nodulation, nitrogen fixation, plant
vigor and yield via such
mechanisms as phyto hormones,
antibiotic or metal binding
compound production.

In the same subject Dakora
(2003) found that new roles for
plant and rhizobial molecules had
been detected in soil and mixed
plant cultures involving symbiotic

legumes  Rhizobium  (species
Rhizobium, Bradyrhizobium,
Azorhizobium, Allorhizobium,

Sinorhizobium and Mesorhizobium)
produce chemical molecules that
can influence plant development.

Our results indicated that
selected PGPR are able to promote
broad bean plants growth and yield



Table 5. Effect of bio-fertilizers only or combined with inorganic or organic N-fertilizers on GA3;,
IAA and IBA prodution in rooet of broad bean plants

GA; (1 g/g fresh IAA (pg/gfresh  IBA (p g/g fresh

Treatment roots) roots) roots)
Sandy Clay Sandy Clay Sandy Clay

Control 5.71 13.11 0.40 0.62 17.58 4.61

Inoculation by RZ11* 22.05 26.42 1.01 1.35 34415  513.01

Comp. + RZ11+ZH21+ASH21 ** 101.05 52.24 1.27 0.77 72.11 183.78

1/2 N+ RZ11% 16.20 74.88 0.73 0.69 166.68  232.61
1/2 N+ RZ11+ZH21+ASH21 ** 73.47 66.96 1.01 0.81 296.80 45.79
RZ11+ZH21+ASH21 ** 49.14 23.61 0.71 1.00 222,64  131.89

* Inoculation with Rhizobium leguminosarum bv. vicieae (RZ11).

** Inoculation with Rhizobium leguminosarum bv. vicieae (RZ11), Azotobacter spp. (ZH21) and Azospirillum spp. (ASH21).
N: Recommended dose of nitrogen.

Comp: Recommended compost dose
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and reduce the need for chemical
fertilizers. - In view of
environmental pollution due to
excessive use of fertilizers and
high costs of production of
fertilizers, PGPT strains have
potential to be used for the
sustainable and environmentally
benign crop production.
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