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EFFECTIVENESS OF DUAL INOCULATION WITH
BRADYRHIZOBIUM AND ENDOMYCORRHIZAE IN PRESENCE
OF DIFFERENT PHOSPHATIC FERTILIZER SOURCES ON
GROWTH AND YIELD OF SOYBEAN

[31]

Mehasen', S.A.S; RA. ZaghlouF and M.A. El-Ghozoli®
ABSTRACT

Two field experiments were carried out during 1999 and 2000 seasons at the Ex-
perimental Farm, Fac. of Agric. Moshtohor to study the effect of dual inoculation
with Bradyrhizobium japonicum and vesicular arbuscular mycorrhizae (VAM) Glo-
mus mosseae in presence of either superphosphate or rock phosphate on the nodula-
tion, N.-fixation, mycorrhizal root infection percentage, macro and micro-nutrients
content, growth and yield of soybean plants. Results of this study showed that dual
inoculation with B. japonicum and VA-mycorrhizae increased the nodulation, N+-ase
activity, mycorrhizal root infection percentage, plant growth and macro (N,P and K)
and micro-nutrients (Fe, Zn and Cu) contents of the plants compared 1o the applica-
tion of each inoculum singularly. Application of rock phosphate rather than super-
phosphate increased the abovementioned parameters. Superphosphate application
gave lower records of nodulation, N;-ase activity, mycorrhizal root infection com-
pared to rock phosphate application. Yield and yicld components of soybean plants
were significantly increased in treatments incculated with either Bradyrhizobium or
VAM fungus as well as the combination of them and fertilized with rock phosphate
compared to that inoculated and fertilized with superphosphate. The highest records
of protein and oil yield were observed in the treatment of dual inoculation and fer-
tilization with rock phosphate. Therefore, rock phosphate using combined with dual
inoculation by Bradyrhizobium and Endomycorthizae can be recommended as an
alternative for superphosphate to reduce the production costs of soybean.

Key words: Bradyrhizobium, Mycorrhizae, Soybean, Inoculation, Rock phosphate,
Superphosphate, Growth and vield

INTRODUCTION introduced in Egyptian Agriculture about

1960. Its production is rapidly expanded

One of the most important as a result of the high demand for the
leguminous crops is soybean. It was  sceds, thatserve asa major and excellent
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source of oil and protein for human and
livestock consumption.

Generally, leguminous crops are
fertitized with mineral nitrogen fertilizers
as a starter to benefit the symbiotic
nitrogen fixation. Rhizobial inocultation
becomes an essential practice for efficient
and economical soybean management.
Several investigators found increases of
soybean yield due to rhizobial inoculation
(Hegazy et al 1993; Mchasen, 1994
Ghobrial er al 1995 and Kumrawat et al
1997). It is well known that legumes have
higher requircments of phosphours
nutrition for growth and effective
nodulation and consequently N.- fixation.
Mycorrhizal symbiosis is widespread on
legumes root system and legumes species
differ in their growth response to
mycorrhizal infection, Also, mycorrhizal

symbiosis increases phosphorus uptake -

and subsequently nodulation, plant
growth and N,-fixation (Barakah efal
1998 and Mikhaeel & ol 2000)
Regarding the relation between
phosphours forms and mycorrhizal
infection, Barea er al 1980; Cardoso,
1986; Yassen, 1993 and Barakah ef af
1998) found that mycorrhizal infection
was hardly affected by the added rock
phosphate, but soluble phosphate
significantly depressed the infection by
either mnative or introduced VA-
mycorrhizae. Many investigators stated
that the dual incculation of soybean
plants with  Bradyrhizebium  and
mycorrhizae showed significant increase
in their growth characters, nodules dry
weight, N,- ase aclivity, macro and
micro-nutrients content in shoot system
as well as sed and protein yield compared
to the application of each inoculum alone
(Cardoso, 1986; Vejsadova ef al 1993;
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Maksoud et al 1995; Soliman e al
1996; Shalaby & Hanna, 1998 and
Mikaheel et al 2000).

In this research, the effectiveness of
dual inoculation of soybean with Brady-
rhizobium japonicum and Endomycorthi-
zae {Glomus mosseae) along with using
either superphosphate or rock phosphate
as P-fertilizers on nodulation, symbiotic
N-fixation, plant growth, nutrients con-
tent and soybean yield has been studied.

MATERIAL AND METHODS

Two ficld experiments were carried
out in the Agriculture Research and
Experimentation Center of Fac. Agric.
Moshtohor, Zagazig Univ. during 1999
and 2000 seasons to study the response of
soybean(Giycin max c.v. Giza 21) to dual
inoculation with  Bradyrhizobium
japonicum and vesicular arbuscular
mycorthizae (Glomus mosseae) and study
their effect on soybean nodulation,
growth, yield and yield components.
Some characteristics of the experimetal
soil are presented in Table (1).

Particle size  distnbution was
estimated according to Jackson (1973).
While, chemical analysis was determined
according to Black et al (1982).

Bradyrhizobium  japonicum strain
ARC 502 was obtained from
Biofertilizers Production Unit, Soils,
Water and FEnvironment Res. Inst,
Agric., Res. Center, Giza, Egypt. While,
mycorrhizal fungus Glomus mosseae
(Soil Goettingen strain) was provided
from Tropical Institute, Goettingen
University, Fedral R. Germany.

Inocula preparation

For preparation of Bradyrhizobium
inoculum, yeast mannitol broth medium
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Effect Dual inoculation in presence of phospate in soybean 479
Table 1. Some characteristics of the experimental soil
Season Season
Parameters 1999 20060 Parameters 1999 2000
Particle size distribution {%): Soluble ions meg/1
Coarse sand 183 19.2 Ca*? 9527 898
Fine sand 15.1 14.6 Mg*? 624 671
Silt 1520 134 Na* 271 292
Clay 514 528 K 0.62 0.69
Textural class Clay  Clay CO,? - -
QOrganic matter (%) 1.72 1.78 HCOy 837 8.52
P (1:2.5 suspension) 821 8.14 cr 4.81 4.95
Total -N (%) 023 028 50,2 532 5383
Microelements
Total-P (%) 0.16 0.21 Available Fe (ppm)  18.7 202
Total-K (%) 0.48 0.50 Available Zn (ppm) 533 5.62
CaCOy (%) 0.57 051  AvailableMn (ppm) 3.60  3.90
] EC (dsm’h) 1.85 193 AvailableCu(ppm) 271  2.94

(Vincent, 1970) was inoculated with the
effective strain {Bradyrhizobium
Jjaponicum), then incubated at 32°C for 7
days.

For preparation of Glomus mosseae
inoculum, pots of 30 cm diameter were
filled with autoclaved clay loam soil. The
soil of each pot was inoculated with
VAM fungus G mosseace. Five onion
seedlings were transplanted in each pot as
a host plant, After 12 weeks, spores of
VAM  were collected from the
thizosphere and roots of onion were
extracted by wet sieving and decantmg
technique (Gerdmann and Nicolson,
1963). VAM spores were counted by the

method described by Daniels and
Skipper (1982).

Except for control treatments,
soybean seeds were successively washed
with water and air-dried. Then, seeds
were soaked in  cell suspension of
Bradyrhizobium )’japomcum (1ml contains
about 84 x 10 viable cells) for 30 min.
Gum arabic {16%) was added as an
adhesive agent perior to inoculation. The
inoculated seeds were air dried for one
hour before sowingIn uninoculated
treatments with Bradyrhizobium, soybean
seeds were treated by using uninoculated
N-deficient  medium instead of
Bradyrhizobium culture,
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Before cultivation, the experimental
soil plots 10.5m* (3 x 3.5 m) were
supplied with either  calcium
superphosphate or rock phosphate at a
rate of 30 kg P,Os/fed.

Regarding the mycorrhizal treatments,
plots which have been prepared for
inoculation with VA-mycorrhizac were
provided with a mycorrhizal spore
suspension. The extracted mycorrhizal
spore suspension containing about 120-
150 spores/ml was used as a standard
inoculum (20 mlm?) for mycorrhizal
treatments. Nitrogen fertilizer was
applied in the form of ammonium nitrate
(33.5% N) at arate of 20 kg Nffed to all
treatments in two equal doses before the
first and second irrigation.

. Experimental design

A split plot design with four replicates
was used in this study. The main plots
were assigned to the phosphatic fertilizer
sources {(zero, rock-p and super-p).
While, four dual inoculation with
Bradyrhizobium and  mycorrhizal
treatments (BrOMO, BrOMI, Br1M0 and
BrlM1) were randomly distributed in the
sub plots.

Cultivation process

Cultivation process was performed by
sowing four inoculated or uninoculated
seeds pre hill at ridges with a distance of
10 cm between hills and 60 cm between
ridges. Sowing took place on May 25" in
1999 and May 27" in 2000. After sowing,
soil was directly irrigated to provide a
suilabel moisture for inocula. Before the
1" irrigation, planis were thinned to two

plants per hill. The preceding crop was
clover in the two scasons.Agronomic
practices were followed according to the
standard recommendation for soybean.

Sampling and determinations

Rhizosphere soil samples of the
developed plants were taken at vegetative
(35 days) and flowering (75 days) stages.
The samples were analyzed for CO:
evolution according to Page ef al (1982),

NH,-N and NO;-N  according to
Bremmer and Keeny (1965) and
available phosphorus according to
{A.P.H A, 1992).

‘Data of nodules number, nodules dry
weight/plant, Nz-ase activity of nodules
and mycorrhizal root infection wcre
estimated at flowering stage at the75”
day after cultivation. N,-ase activity was
estimated according to Hardy et al
(1973). Mycorrhizal root infection of
soybean plants was assessed
microscopically according to Mosse and
Giovanetti (1980).

Total nitrogen, phosphorus and
polassiumn content were determined in
soybean shoots at 35 and 75 days after
planting according to A.0.A.C (1980),
(A P.H.A, 1992) and Pewis & Freitas
(1970), respectively. Also, iron, zinc and
copper were determined in soybean
shoots at 35 and 75 days afier planting by
the atomic absorption, Perkin Elmer
model 3110,

Crude protein and oil content were
estimated in soybean seeds. Crude protein
was calculated according to the following
equation;

% Crude protein = % total nitrogen x
6.25 (A.0.A.C, 1980). Also, oil content
was determined according to (A.Q.A.C,
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1980) by soxholt apparatus using
petroleum ether 40-60 as a solvent.

Grwoth characteristics

After 75 days from sowing, ten
guarded plants were chosen at random
then  plant height, number of
branches/plant, dry weights of stem,
leaves and pods were estimated.

Yield and its components

At harvesting, ten guarded plants were
used to estimate number of pods/plant,
pods weight/plant, 100-seed weight. Seed
yield/plant seed yield/fed and biological
vield/fed were recorded from three inner
ridges from each experimental plot, then
oil yield/fed and protein yicld/fed were
calculated.

Statistical analysis

Statistical analysis was carried out for
growth and yield characters according to
Snedecor and Cochran (1989). The
differences between the means value of
various treatments were compared by
Duncan multiple range test (Duncan,
1958),

RESULTS AND DISCUSSION

Effect of phosphatic fertilizer sources,
dual inoculation and their interaction
on nodulation, Nj-ase activity and my-
corrhizal root infection of soybean
plants,

It is clear from data presented in
Table (2) that the nodules number and dry

481

weight were remarkably increased in
bradyrhizobial inoculated treatments
compared to uninoculated ones. Number

and dry weight of nodules in
bradyrhizobial inoculatior treatments
were greater  than  mycorrhizal

inoculation. The highest number and dry
weight of nodules were observed with
dual inoculation and this was true in the
two growing seasons.

Regarding the effect of phosphatic
fertilization, obtained data show that
soybean plants fertilized with either
superphosphate or rock phosphate gave
higher nodules number and dry weight
than nonfertilized plants. Also, soybean
plants fertilized with rock phosphate gave
higher nodules number and dry weight
compared to the plants fertilized with
superphosphate, The same trend of results
was observed in the two growing seasons.
Generally, obtained data show that the
nodules number and dry weight were
higher in the 2™ season than in the 1%
one,

It is not a surprising result that, N-
ase activity was higher in case of
bradyrhizobial inoculated treatments than
mycorrhizal inoculated ones. This result
is in harmony with those obtained by
Ghobrial et af (1995), Kumrawat
(1997) Mikhaeel er &/ (2000) and Abd
El-Fattah (2001) who found increases of
soybean nodulation and N,-ase activity
due to rhizobial inoculation. Whereas, the
mycorrhizal infection perecentage was
higher in case of mycorrhizal inoculated
treatments compared to bradyrhizobial
inoculated ones. Obtained data also
clearly show differences in root
colonization of soybean plants grown
in VAM inoculated and uninoculated
treatments which depended on the

Annals Agric. Sci., 47(2), 2002



2007 (D)Ly “108 oy sppmry

Table 2. Effect of Phosphatic fertilizer sources, dual inoculation and their interaction on nodulation, N,-ase activity

and mycorrhiz.al root infection of soybean plants after 75 day of cuitivation ( flowering stage).

No. of Dry weight of N,-ase activity (n moles Mycorrhizal root
P-fertilizer  Dual in- nodules/plant __ nodules (mg/plant)  C; H,/hr/g dry nodules) infection (%)

sources  oculation 599 9905 1999 2000 1999 2000 1999 2000
Bro+Mo 12 14 136 148 213 231 40 6.0

Zero-P Bro+Ml 15 18 161 172 35.3 441 34.0 390
Brl+Mo 24 23 230 241 69.1 724 11.0 14.0

Brl+ M1 30 33 293 301 78.2 83.5 48.0 51.0

Mean 20 22 205 216 51.0 558 24.3 275
Bro+Mo 17 16 196 180 242 26.6 10.0 14.0

Rock-P Bro+Ml1 20 25 240 263 63.4 64.5 63.0 66.0
Brl+Mo 41 42 481 493 91.5 92.9 19.0 21.0

Brl+ Ml 43 45 520 536 121.6 130.7 78.0 80.0

Mean 30 32 359 368 75.2 18.7 42.5 453
Bro+Mo 16 18 173 184 25.0 292 8.0 9.0

Super-P Bro+M1 i8 22 201 228 472 513 57.0 59.0
Bri+Mo 32 38 318 326 86.9 898 16.0 18.0

Bri+ Mi 37 41 390 406 101.5 105.4 73.0 16.0

Mean 26 30 271 286 65.2 639 38.5 40.5
Brot+Mo 15 16 168 171 235 263 13 9.7

Over ali Bro+M1 18 22 20 221 48.6 533 51.3 547
means Bri+Mo 32 14 343 353 825 850 15.3 17.7
Brl+ Ml 37 40 401 414 1004 106.5 66.3 69

Bro, Non bradyrhizobial inoculation.

Mo, Non Mycorrhizal inoculation.

Brl, Bradyrhizobial inoculation.
M1, Mycorrhizal inoculation.
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indigenous VAM  in the soil. Low

percentage of mycorrhizal infection in the’

uninoculated plants indicated that the
native VAM fungi are presented in the
soil but in a low density. The highest
records of Njy-ase activity and
mycorrhizal root infection were observed
in case of dual inoculation compared to
inoculation with either Bradyrhizobium
or VAM individually. N,-ase activity and
mycorthizal root infection were higher
when soybean plants fertilized with rock
phosphate  than those fertilized with
superphosphate and this was observed in
the two growing seasons.

It is worthy to notice that the higher
percentage of mycorrhizal root infection
in case of rock phosphate application than
superphosphate could be attributed to the
soluble phosphate which inhibited the
root colonization by either introduced or
indigenous VAM fungi while, rock
phosphate enhanced the mycorrhizal root
infection (Fares, 1997; Saad &
Hammad, 1998 and Barakah e af

1998).  Also, they reported that
application of  scluble phosphate
fertilizers greatly reduced the plant

benefit from mycorrhizal colonization.

Regarding the interaction effect, data
in Table (2) show that dual inoculation
with Bradvrhizobium + mycorrhizac
combined with phosphatic fertilization
gave higher records of soybean nodula-
tion, N,-ase activity and mycorrhizal root
infection percentage compared to either
soybean inoculation or phosphatic
fertilization separately. These highest
records of abovementioned parameters
were observed in the treatment of soy-
bean inoculation with Bradyrhizobium +
nycorrhizae accompanied with rock
- hosphate.

Effect of phosphatic fertilizer sources,
du2l inoculation and their interaction
on rhizospheric N-forms, available
phosphorus and CO, evolution in
rhizosphere of soybean plants

Data in Table (3) show that
ammoniacal and nitrate mtrogen levels in
thizosphere of soybean plants were
higher in. bradyrhizobial inoculated
treatments than uninoculated ones.
Bradyrhizobia!  inoculated treatments
gave higher levels of NHs-N and NOs-N
than mycorrhizal inoculated ones. The
highest levels of NH,-N and NO.-N were
observed in case of dual inoculation of
soybean plants compared to inoculation
with either Bradyrhizobium or VAM
individually, This may be due to the
synergistic effect between
Bradyrhizobium and VAM fungi.

Concerning the phosphatic
fertilization effect, obtained results show
that NH,-N and NO;-N  levels were
increased with soybean plants fertilized
with either super-p or rock-p compared to
nonfertilized ones. Moreover, rock-p
treatments showed higher levels of NH,-
N and NO;-N in rhizosphere than super-
p treatments. This may be due to the
higher number and dry weights of
developed nodules as well as N.-ase
activity which were observed in case of
rock-p treatments {Table, 2).
Ammoniacal and nitrate nitrogen content
was higher during folwering stage than
vegetative one. The same trend of results
was obtained with all treatments as well
as in the two growing scasons. The higher
levels of NH4-N and NOs-N recorded
during the flowering stage may be due to
the high multiplication of ammonifiers
and nitrifiers during flowering stage as a
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700T (DLy “108 oudy sjpuny

Table 3. Effect of Phosphatic fertilizer sources, dual inoculation and their interaction on nitrogen forms, available phos-

phorus content and CO; evolution in rhizosphere of soybean plants.

P-fertilizer  Dual __ NHoNppm) __NO.-N(ppm) _
sources inoculation Vegetative stage Flowering stage Vegetative stage Flowering stage |

1999 2000 1999 2000 1999 2000 1999 2000

Bro+Mo 60.6 679 62.2 73.5 46.4 50.4 61.3 69.9
Zero P Bro+M1 72.8 94.8 89.8 104.4 68.5 84.2 78.6 100.6
Brl+Mo 894 101.5 103.0 - 1252 79.6 100.0 98.2 103.5
Bri+ M1 96.1 107.0 129.3 146.1 98.6 1134 121.5 1234

Mean 79.7 92.8 96.1 112.3 73.3 87.0 89.9 99.4
Bro+Mo 68.3 71.7 716 75.4 533 578 67.9 738

Rock-P Brot+Ml 833 1074 97.1 128.5 72.3 88.0 82.6 1133
Brl+Mo 100.1 115.6 113.5 144.8 91.2 126.0 109.3 117.0

Brl+ Ml 112.5 124.4 181.3 187.8 1334 152.3 176.1 1824

Mean 912 104.8 115.9 134.1 87.6 106.0 109.0 121.5
Bro+Mo 68.9 70.2 70.1 74.7 52.2 573 68.1 72.4

Super —P Bro+Ml1 772 1008 927 1159 69.9 86.5 80.5 104.5
Brl+Mo 927 109.3 110.4 142.3 83.1 124.7 100.4 116.2

Brl+ Ml 103.6 121.2 153.4 i70.7 1142 120.2 146.8 I80.8

Mean 85.6 100.4 106.7 125.9 79.9 97.2 99.0 118.5

Bro+Mo 65.9 69.9 68.0 74.5 50.6 55.2 65.8 72.0

Over all Bro+Ml1 71.9 101.0 93.2 116.3 70.2 86.2 80.6 106.1
means Brl+Mo 9.1 108.8 109.0 137.4 84.6 116.9 102.6 122.2
Brl+ Ml 100.7 117.5 154.7 168.2 1154 128.6 148.1 162.1

T8y
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Table 3. Cont.

Available-P(ppm) CO, evoluted (ug/g dry soil/hr )
P :::::l:scr inocl:]u];::ion Vegetative stage rlzr::gig Vesg;:;we Flowering stage
1999 2000 1999 2000 1999 2000 1999 2000
Bro+Mo 59.1 68.9 60.2 70.1 306 324 33.2 356
Zero —P Bro+M1 1123 116.4 116.6 121.7 49.7 63.1 579 715
Brl+Mo 98.9 110.1 100.7 116.5 36.3 44.4 398 53.9
Brl+ M1 128.1 136.2 130.2 138.3 732 76.2 81.3 29.0
Mean 99.6 107.9 101.9 111.7 47.5 54.0 33.1 62.5
Brot+Mo 78.9 91.2 83.4 96.0 32.5 36.9 371 48.6
Rock-P BrotMI1 125.1 126.8 128.0 139.8 64.7 69.8 70.7 74.8
Bri+Mo 112.5 118.7 119.3 126.4 418 51.9 533 63.2
Brl+ Ml 142.8 148.3 145.7 1514 87.6 90.5 104.9 112.0
Mean 114.8 121.3 119.2 128.4 36.7 62.3 66.5 74.7
Bro+Mo 70.3 84.8 77.6 87.3 319 353 36.0 47
Super —P Bro+M1 121.5 121.1 126.2 130.5 56.8 66.4 62.4 67.1
Brl+Mo 103.3 111.9 115.6 123.1 38.6 50.8 52.1 58.4
Brl+Mi 136.3 145.7 139.1 147.2 80.3 816 96.8 99.2
Mean 107.9 117.1 114.6 122.0 519 58.5 61.8 67.4
Bro+Mo 69.4 81.6 739 84.5 317 349 354 43.0
Over all Bro+M1 119.6 123.1 123.6 130.7 57.1 66.4 63.7 71.1
means Brl+Mo 104.9 113.6 112.0 122.0 38.9 49.0 484 585
Bri+ M1 135.7 143.4 138.3 145.6 80.4 82.8 94.3 100.1

Abbreviations: as those stated for Table (2).
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result of the positive qualitative and
quantitative changes in nature of the plant
root exudates during different growth
stages. These results are in harmony with
those obtained by Neweigy et al (1997)
and Hanafy et al (1998) who found that
the amonifiers and nitrifiers bacterial
densities were higher in rhizosphere
during ‘heading stage of plant growth
rather than other plant growth stages.
Data also emphasize that available
phosphorus content and CO, evolution
were increased with either mycorrhizal or
bradyrhizobial inoculated treatments
compared to uninoculated ongs,
Mycorrhizal inoculated  treatments
showed higher available-P and CO,
evolution than bradyrhizobial inoculated
ones, The highest records of available-P
and CO; evolution were observed with
dual inoculation of soybean plants with
Bradyrhizobium and VAM fungus. Rock-
p ireatments gave higher values of
available phosphorus and CO, evolution
than super-p ones, This may be due to the
higher rates of mycorrhizal root infection
which observed with rock-p treatments
(Table, 2). The same trend of resuits was
observed in both growth stages and the
two  growing  seasons.  Available
phosphorus and CO; evolution were also
higher during flowering stage than
vegetative stage. The higher records of
available phosphorus at flowering stage
may be attributed to the higher
muitiplication  rate  of phosphate
dissolvers which tended to increase
progressively with plant growth These
results are in agreement with those
reported by Saad & H ammad (1998);

Zaghloul (1999) and Abou-Aly &
Gomaa (2002) who reported that
available  phosphorus content was

increased during flowering stage when
the plants were inoculated with phosphate
solubilizing microorganisms and
amended with reck phosphate.

With regard to the interaction effect,
data in Table (3) indicate that dual
inoculation with Bradyrhizobium +
mycorthizae combined with phosphatic
fertilization showed higher rhizospheric
NH, -N, NO; —N, available-P and CO,
cvolution than either inoculation only or
phosphatic fertilization separately. Dual
inoculation with Bradyrhizobium +
mycorrhizae and fertilization with rock
phosphate gave the highest values of
tested parameters.

Effect of phosphatic fertilizer sources,
dual inoculation and their interaction
on growth characters of soyhean
plants.

Data in Table (4) indicate that growth
characters of soybean plants ¢ plant
height, number of branches/plant and dry
weight of stem, leaves and pods/plant
were significantly increased with either
bradyrhizobial or mycorrhizal inoculation
compared to uninoculated controls.
Generally, significant increases were
observed in most plant growth characters
with bradyrhizobial inoculation compared
to mycorrhizal inoculation, While, dual
inoculation of soybean plants with
Bradyrhizobium japonicum and VAM
fungus (Glomus mosseae) gave higher
records of growth characters than the
application of each inoculum singularly.

These results are in accordance with
those obtained by (Vejsadova et al 1993;
Soliman et al 1996; Shalaby & Hanna,
1998 and Mikhaeel et al 2000). They
reported that the dual inoculation of

Annals Agric. Sci., 47(2), 2002



7002 (DLy “10§ oudy sfeauy

Table 4. Effect of Phosphatic fertilizer sources, dual inoculation and their interaction on growth characters of soybean

plants
Pfertilizer | Dual Plant height No. of branches per  Dry weight of stem Dry weight of leaves Dry weight of pods
sources chu]a- (cm) plant (2) (g)

tion 1599 2000 1999 2000 1999 2000 1999 2000 1999 2000

Bro+tMo  620f 80.81 208 1.85a 9.924 8.00¢ 10.25¢ 10.27h 9.07; 7.68h

ZeroP Bro+Ml  75.8e 872gh 2.80c 245a 13.27f¢ 11.88b 18.90e 16.70g 13.99g 12.07¢

Brl+Mo  85.8abc  8B.6ef 2.40d 2.75a 14.86de 11.85b 19.69d 17.42f 16.86¢ 13.63¢

Brl+ Ml 820cde 918 3.28a 2.98a 18.09a 12.65ab  21.08¢c 19.15¢ 18.55b 15.25¢

Mean 76.4C 87.1C 2.64B 2.51B 14.04A 11.09B 17.488 15,89C 14.62C 12.16C
Bro+Mo 80.5¢cde  86.2h 2.88bc 2.28a 9.77h 11.68b 18.75¢ 16.65¢ 13.63h 12.25g

Rock-P Bro+tM1  90.3a 884y 3.13ab 2.55a 12.05g 12.18b 19.75d 17.60ef  15.68( 13.77¢
Brl+Mo 89 5ab 90.3d 313ab 290a 17.99a 12.23b 19.86d 18.15d 17.65d 14.384

Bri+Ml 893ab 954a 3.]3ab 3,152 16.70bc 13.98a 23.53a 21.70a 20.01a 18.50a

Mean 87.4A 90.1A 3.06A 2.72A 14.13A 12.51A 2047A 18.52A 16.74A 14.73A
Bro+Mo 77.8de 86.4h 2.78¢ 220a 13.93ef 11.57b 18.19f 16.65g 10.641 12.07g

Super-P Bro+M1  83.3bcd 87.8fg 2.80c 2.58a 8.96h 12.07b 20.86¢ 17.30f 15.57f 12.90f
Bri+Mo  82.3cd 89.7de 3.13ab 2.75a 15.90¢cd 12.05b 19.89d 17.88de  17.99c 14.18de

Brl+ Ml  855abc 933b 308ab 3.05a 17.34ab 13.15ab  22.93b - 2040b 19.85a 16.90b

Mean 82.3B 893B 294A  264AB  14.03A 1221A 2047A 18.06B 15998 14.011
BrotMo  73.4B 844D 2.58C 211D 11.21C 1042C 15.73C 14.52D 11.11D 10.67D

Over all Bro+M]  83.1A 878C 291B 2.53C 11.43C 12.04B 19.84B 17.20C 15.08C 12.92C
means Bri+tMo  86.0A 8958 2.88B 230B 16.25B 12.04B 19.81B 17.82B 17.47B 14.06B
Bri+ M1  85.6A 93.5A 3.16A  3.06A 17.38A 13.26A  2251A  2042A 1947A 16.88A

Abbreviations : as those stated for Table (2).

Means followed by the same letter (s) within cach colummn, are not significantly different from cach other at 5% level.
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488 Mehasen; Zaghlout and EI-Ghozoli

soybean ﬁlants with B. japonicum and
mycorrhizae showed significant increase
in their growth characters.

Concerning the effect of phosphatic
fertilization, rock phosphate fertilization
treatments showed significant increase in
growth  characters compared to
superphosphate fertilization ones. The
same trend of results was observed in the
two growing seasons.

Respecting the interaction effect, data
in Table (4) show that dual inoculation
with Bradyrhizobium + mycorrhizae
combined with phosphatic fertilization
gave significant increase in growth
characters compared to  soybean
inoculation or phosphatic fertilization
separately.

The highly significant increase in
soybean growth characters was observed
in the treatment of soybean plants
inoculated with  Bradyrhizobium +
mycorthizae and fertilized with rock
phophate. This result could be attributed
to the high levels of N;-ase activity and
mycorrhizal ¢olonization (Table, 2) as
well as the high levels of NH,;-N, NO;-N
and available phosphorus (Table, 3)
which observed in the treatment of
soybean  plants inoculated  with
Bradyrhizobium +  mycorrhizae and
fertilized with rock phosphate.

Generally except for plant height,
soybean growth characters were higher in
the 2™ scason than the 1* season. This
difference between the two growing
'seasons may be due to the changes in the
climatic conditions.

Effect of phosphatic fertilizer sources,
dual inoculation and their interaction
on macro-nutrinets content of soybean
shoots.

Data in Table (5) show that the total
nitrogen, phosphorus and potassium
content in shoots of soybean plants were
increased in the treatments inoculated
with  either Bradyrhizobium  or
mycorrhizae compared to uninoculated
treatments. Bradyrhizobial inoculated
treatments gave higher levels of total
nitrogen than mycorrhizal inoculated
ones. Whereas, mycorrhizal inoculated
treatments gave higher levels of total
phosphorus and potassium compared to
bradyrhizobial inoculated ones.

Dual inoculation of soybean plants
gave higher levels of macro-nutrients
content (NPK) than those recorded in
treatments inoculated with either of
Bradyrhizobium or mycorrhizae.

With regard to the phosphatic
fertilization effect, obtained data show
that macor-nutrients levels (NPK) were
higher in the treatments fertilized with
rock phosphate than the treatments
fertilized with superphosphate. This result
can be attributed to the higher Nj-ase
activity and mycorrhizal root infection
recorded in such case (Table, 2) these
parameters were greater in the treatments
fertilized with rock phosphate than the
treatments fertilized with superphosphate.
These results are in harmony with those
obtained by Ishac e al (1994), El-Sawy
et al (1998), Mikhaeel et al (2000) and
Abd El-Fattah(2001) who found that
rhizobial inoculation incereased total
nitrogen in plant shoots in comparison
with  uninoculated  plants, While,
mycorrhizal inoculated plants contained
higher levels of phosphorus compared to
uninoculated ones (El-Sawy ef al 1998;
Shataby & Hanna, 1998 and Mikhaeel
et al 2000). Morcover, they reported that
the dual inoculation with Bradyrhizobium

Annals Agric. Sci., 47(2), 2002
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Table 5. Effect of Phosphatic fertilizer sources, dual inoculation and their interaction on miacro - nutrienis content of

soybean shoots.

Nitrogen (%) Phosphorus(%) Potassium (%)
P-fertilizer Dual Vegetative Flowering Vegetative Flowering Vegetative Flowering

sources incculation stage stage stage stage stage stage
1999 2000 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000
Bro+Mo 213 231 217 252 0.14 0.5 010 0.18 1.45 1.39 1.50 1.65
Zeo-P Bro+M1 297 318 268 365 023 026 0.27 0.29 1.68 1.56 1.75 1.83
Bri+Mo 3.59 392 362 393 016 019 0.20 022 1.50 1.52 1.62 1.75
Bri+Ml 366 382 364 403 024 0.28 0.29 0.34 1.95 1.90 2.10 2.08
Mean 3.09 3.31 303 353 019 0.22 0.23 0.26 1,65 1.59 1.74 1.83
Bro+Mo  3.19 330 347 325 024 026 0.28 0.27 1.72 1.64 1.91 1.95
Rock-P Bro+Ml1 322 382 362 375 039 035 0.39 041 1.96 1.94 2.16 2.16
Brl+Mo 3381 4,12 399 430 029 0.31 0.36 0.34 1.90 1.79 2.10 205
Bri+ Mt 3.9 4.32 416 4.53 046 0.49 0.52 0.58 240 2.25 2,65 2,62
Mean 354 389 374 401 035 035 0.39 0.40 2.00 1.91 2.21 2,20
BrotMo 291 312 301 308 018 021 025 024 1.61 1.55 1.83 1.72
Super-P Bro+MlI 318 346 309 368 033 036 0.36 0.38 1.95 1.90 201 2.13
Bri+Mo  3.63 410 357 425 023 029 0.30 0.32 1.83 1.71 1.80 1.91
Bri+M1 373 426 368 435 035 038 0.36 0.39 2.06 2.11 2.55 2.36
Mean 336 374 334 384 027 03] 0.32 0.33 1.6 1.82 2.05 2.03
BrotMoe 274 291 278 295 0.7 02 0.23 0.23 1.59 1.52 1.75 1.77
Over ali Bro+Ml1 312 349 313 376 032 032 034 0.36 1.86 1.80 1.97 2.04
means Brl+Me 368 405 373 4146 023 026 0.29 0.29 1.74 1.67 1.84 1.90
Bri+ Ml 378 413 383 430 035 038 0.39 0.44 2.4 2.09 243 2.35

Abbreviations : as those stated for Table (2).
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490 Mehasen; Zaghlout and EI-Ghozoli

and VAM fungi gave the highest levels
of macro-nutrients content of plant
shoots. Such trends of results suppart the
obtained results in the current study.

With respect to the interaction effect,
data presented in Table (5) indicate thiat
dual inoculation with Bradyrhizobium +
mycorrhizae combined with phosphatic
fertilization gave higher levels of macro-
nutrients content of soybean shoots than
cither soybean inoculatin or phosphatic
fertilization separately. The highest levels
of macro-nutrients content were observed
in the treatment of soybean inoculation
with  Bradyrhizobium + mycorrhizae
accompanied with rock phosphate.

Data also show that macro-mutrients
(NPK) content of soybean shoots was
higher during flowering stage than
vegetative one. The same trend of results
was obtained in all treatments as well as
during the two growing seasons. Similar
results were recorded by (Vejsadova ef
al 1993; Maksoud e« al 1995 and
Mikhaeel e af 2000).

Effect of phosphatic fertilizer sources,
dual inoculation and their interaction
on micro-nutrients content in shoots of
soybean plants.

Data presented in Table (6) show that
micro-nutrients (iron and copper) content
of soybean shoots were higher in
mycorthizal inoculated treatments than
bradyrhizobial inoculated ones. Whereas,
zinc content of soybean shoots was
higher in rhizobial inoculated treatments
than mycorrhizal inoculated ones. The
same trend was observed in the two
growing seasons as well as in different
growth stages of soybean plants,

The highest micro-nutrients content
was observed in the case of dual
inoculation compared to inoculation with
either  Bradyrhizobium or VAM
individuatly, This result is in harmony
with those reported by (Cardoso, 1986;
Soliman e al 1996 and Shalaby &
Hanna, 1998) who reported that the dual
inoculation of soybean plants with
Bradyrhizobium + mycorrhizae showed
the highest increase of micro-nutrients
content in shoot system.

Data in Table (6) ailso indicate that
soybean plants fertilized with rock
phosphate gave higher micro-nutrients
content compared to soybean plants
fertilized with superphosphate. This resuit
could be attributed to the higher records
of N;-ase activity and mycorrhizal root
infection rate in case of rock phosphate
treatments which previously discussed in
Table (2).

Respecting the interaction effect, data
recorded in Table (6) show that dual
inoculation with Bradyrhizobium +
mycorrhizae combined with phosphatic
fertilization gave higher micro - nutrients
content of soybean shoots than cither
soybean inoculation or phosphatic
fertilization  singularly. The highest
micro- nutrients content was observed in
the treatment of soybean inoculation with
Bradyrhizobium + mycorthizae and
fertilized with rock phosphate.

Micro-nutrients content of soybean
shoots was higher during flowering stage
than vegetative on¢ and this was true in
all treatments as well as during the two
Erowing $easons.

Generally, obtained data show that the
micro-nutrients content was higher in the
2™ gseason than in the 1% one. The
differences between the two growing

Annals Agric. Sci., 47(2), 2002
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Table 6. Effect of Phosphatic fertilizer sources, dual inoculation and their interaction on micro-nutnients of soybean

shoots
P-fertilizer Dual Iran (pprm) Zinc (ppmm) Copper (ppm)
sources inoculation ___ vegetative stage Flowering stape Vepetative stage Floweringstage  Vepetative stage  Flowering stage |
1999 2000 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000
Bro+Me 783.0 786.1 794.2 799.5 2253 2273 2281 230.0 75.9 80.2 716 813
Bro+M1 1100 11386 13420 1369.1 3123 3278 349.7 3585 1497 1483 1569 1587
ZeroP Brl+Mo 917 987.2 1003.1 995.4 320.7 348.0 3586 366.0 1446 1457 1426 1562
Bri+ Ml 1339 1372.5 13732 14073 4158 3972 418.2 414,1 1625 1632 1643 1700
Mean 1035 1071.0 1128 1143 318.5 325.1 338.7 342.2 133.2 1346 1354 1446
Bro+Mo 798 887.2 886.7 972.8 241.7 283.1 249.1 3460 78.2 84.3 80.4 86.5
Rock.P Bro+MI1 1306.0 13633 13703 13824 3695 389.0 3820 421.2 1683 1689 1698 173.7
Brl+Mo 1113.7 12485 1230.0 1260.7 3806 3916 3%6.2 428.1 180.5 1873 1899 1988
Bri+ Ml 1368 1399.1 14420 14956 4272 482.0 436.5 493.6 191.2 1871 1982 2006
Mean 1147 1225 1232 1278 357.8 386.4 365.9 422.2 1526 1569 1596 1657
Bro+Mo 79520 8634 809.5 962.5 2331 256.6 2409 3080 773 83.1 788 856
Super-P Bro+M1 1270 12837 13556 13712 3489 387.2 3683 3980 160.1 1652 167.1 169.2
Brl +Mo i103 12151 12162 12363 355.4 362.1 384.8 3818 1562 1593 1637 1661
Brl+ M1 134i 1390.8 1390.1 14i8.2 4181 462.0 426.4 479.8 170.5 1859 1724 1893
Mean 1127 1188 1193 1247 3389 367.0 355.1 3919 141.0 1485 1455 1526
Bro+Me 791 846 830 912 2334 2357 239.4 2947 7.1 82.5 789 85.5
Over all Bro+M1 1225 1262 1356 1374 343.6 368.0 366.7 3926 1564 1608 1646 1672
means Bri+Mo 1045 1150 1150 1151 3522 3672 3799 3920 1604 1646 1654 1737
Brl+ Ml 1349 1387 1402 1440 4204 4471 4270 4625 1747 1787 1783 1866

Abbreviations: az those stated for Table (2)
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seasons may be due to the changes in the
meterological factors,

Effect of phosphatic fertilizer sources,
dual inoculation and their interaction
on vyield and yield components of
soybean plants.

It is obvious from data given in Table
(7) that pods number and weights/plant,
weight of seeds/plant, 100-seed weight,
seed yield/fed and biological yicld/fed
were significantly increased with either
bradyrhizobial or mycorrhizal inoculated
treatments compared to uninoculated
ones and this observation was consistent
in the two growing seasons.

Data in Table (7) also show that
significant increases in most studied traits
were observed with bradyrhizobial
inoculation ftreatment compared to
mycorrhizal inoculation. Whereas, dual
inoculation of soybean plants with B.
japonicum and VAM fungus (Glomus
mosseae) gave higher values of yield and
yield components in comparison with the
application of each one solely. These
results ar¢ in harmony with those
obtained by Kumrawat ef al {1997);
Shalaby & Hanna (1998), Mikhacel et
al (2000) and Abou-Aly and Gomaa
(2002). The higher yield and yield
components which was observed in case
of dual inoculation could be attributed to
the high N;-ase activity, mycorrhizal
colonization intensity (Table, 2). In
addition, higher levels of NH,-N, NO;-
N, available phosphorus and CO;,
cvolution (Table, 3). As wcll, higher
records of soybean growth characters
(Table, 4) which were observed in casc of
dual inoculation treatments.

Mehasen; Zaghloul and El-Ghozoli

Taking the p-source into account, data
in Table (7) show that yield and yield
components of soybean plants were
significantly increased in the treatments
fertilized with rock phosphate compared
to the treatments fertilized with
superphosphate.

These results indicate the important
role of VAM in phosphorus mobilizing
from the unavailable sources such as rock
phosphate. Therefore, rock phosphate as a
cheap source of phosphorus could
substitute superphosphate for soybean
fertilization in the presence of vesicular
arbuscutar mycorrhizae (VAM).

With respect to the interaction effect,
data presented in Table (7) indicate that
dual inoculation with Bradyrhizobium +
mycorrhizac combined with phosphatic
fertilization showed significant increase
in yield and yield components of soybean
plants compaerd to soybean inoculation
or phosphatic fertilization separately. The
high significant increase of yield and
yield components of soybean plants was
observed in the treatment of soybean
inoculation with Bradyrhizobium +
mycorrhizae accompanied with rock
phosphate. Similar results were observed
by (Barakah et al, 1998; El-Sawy e al;
1998 and Zaghloul, 1999).

Effect of phosphatic fertilizer sources,
dual inoculation and their interaction
on protein and oil yield of soybean
seeds

Data in Table (8) indicate that protein
and oil yield (kg/fed.) were significantly
increased in soybean plants inoculated
with  either Bradyrhizobium  or
mycorrhizag compared to uninoculated
oncs,

Annals Agric. Sci., 47(2), 2002
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Table 7. Effect of Phosphatic fertilizer sources, dual inoculation and their interaction on yield and yield components of

soybean plants

P-fertilizer Dual No. of pods /plant Weight of pods/plant (g) Weight of seeds/plant (g)
sources Inoculation 1999 2000 1999 2000 1999 2000
Bro+Mo 403g 36.4g 25.77F 22.33j 12.43b 12.55h
Zoro.P Bro+Ml 518de  d46.4gh 34.90cde 33.30gh 17.90a 16.67¢ig
Brl+Mo 53.1c 50 5¢f 35.95abcd 36.78de 19.63a 17.35de
Brl+ M1 54.7b 55.1bc 36.38abc 39.47bc 20.98a 19.42¢
Mean 499C  47.1C 33.25B 32.97C 17.73B 16.50C
Bro+Mo 51.1e 44.7hi 35.13bede 31.77hi 18.05a 16.27fg
Rock P Bro+Ml 52.1d 50 3ef 34.43de 36.25¢ 18.45a 17.48de
Bri+Mo 54.4b 53.3¢d 35.35dcde 38.60cd 20.30a 18.15d
Bri+ Ml 56.5a 57.9a 37.45a 42.97a 22.00a 22352
Mean 536A  51.5A 35.59A 37.40A 19.70A 18.56A
Bro+Mo 50,1f 42.81 34.00¢ 30.05i 17.83a 15.77g
Super-P Bro+M1 51.5de  48.2fg 35.38bcde 34.756g 18.33a 17.22def
Brl+Mo 54.1b 52.1de 35.53bcde 37.83cde 19.80a 17.63de
Brl+ Mi 55.6a 56.7ab 36.78ab 40.67b 21.38a 20.65b
Mean 52.8B 49.9B 35.39A 35.83B 19.33A 17.82B
Bro+Mo 471D 413D 31.63C 28.05D 16.10C 14.87D
Over ail means  BOM! 51.8C  483C 34.87B 34.77C 18.23BC 17.13C
Bri+Mo 53.98 52.0B 35.61B 37.73B 19.91AB 17.71B
Brl+ Ml 556A  56.6A 36.87A 41.04A 21.45A 20.81A
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Table 7. Cont.

P-fertilizer Dual Weight of 100-seed (g)  Seed yield (Kg/fed.) Biological yield (tor/fed.)
sources Inoculation 555 3000 1999 2000 1999 2000
BrotMo  1543h  12.52i 865g 823} 2.83¢ 3.50h
setop Bro+M1  17.10f 16.60fg 1154e 1090gh 3.53abed  3.97efg
Bri+Mo  17.77de  17.02f 1280¢ 1130ef 3.58abed  4.09cde
Bri+M1  18.40c 19.00¢ 1312bc 1178¢ 3 78ab 4.253b
Mean 17174 16.29C 1153C 1057C 3.43A 3.76C
BrotMo  16.90fg  16.25gh 1089¢ 1078h 3.45¢d 3.88g
Rockp BrotM1  17.33ef  17.15¢f 1220d 1133¢f 3.55abcd  3.92fg
Bri+Mo  1820cd  18.10d 1312bc 1165cd 3 68abc 4.04cdef
Bri+MI  20.02a 20.58a 1389a 1315a 181a 4.18bc
Mcan 18.11A _ 18.02A 1253A 1173A 3.62A 4.09A
BrotMo  16.50g 15.95h 1086f 1020i 3.38d 387g
Super-? BrotM1  17.10f 16.98¢ 1181e 1109fg 3.49%cd 4.02def
Bri+Mo  1802cd  17.75de 1303bc 1145de 365abcd  4.16bed
Bri+Ml  19.15b 19.65b 1329b 1218b 3 80a 433
Mean 1769A 17538 1225B 11238 3.58A 4.00B
Bro+Mo 1627D  1491D 1013D 974D 3.22C 3.50B
BrotM1  17.17C  16.91C 1185C 111C 3.528 3.97C
Over all means
Brl+Mo  18.00B  17.63B 1298B 1147B 3.64B 4.09B
Bri+ Ml 19.19A  19.74A 1343A 1240A 3.80A 4.25A

Abbreviations : as those stated for Table (2).

Means followed by the same letter (s) within cach column, are not significantly different from cach other at 5% level.
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Tabie 8. Effect of Phosphatic fertilizer sources, dual inoculation and their interaction on percentage and yield of protein
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and oil of soybean seeds
- Protein percentage Protein yield Oil percentage Oil yield
Plotlizer . Dual in seeds (Kg/fed) in seeds (Kglfed)
1699 2000 1999 2000 1999 2000 1999 2000
Bro+Mo 33.70a 33.10ef 291.5g 272.4j 19.35a 18.95e 1674g 155.61
Zero-P Bro+M1 35.13a 37.16a 405.1e 372.2gh 20.15a 20.80bcd  2324e  226.7Mg
Bri+Mo 34.95a 32.94f 447 3c 390.7ef 21.10a 20.75bcd  271.8¢  234.5de
Bri+ Mi} 35.42a 32.92f 464.9b 418.6c 21.90a 2].38ab 286.5b  253.7b
Mean 34.80B 34.03A 402.02C 363.5C 20.63B 20.47A 239.5C  217.6C
Brot+Mo 34.75a 34.05cde 378.4f 366.5h 20.13a 20.48cd 219.4f  220.6g
Rock-P Brot+M] 35.20a 34.35¢d 429.4d 389.0f 20.75a 21.17abc  254.7d  239.8cd
Brl+Mo 35.28a 35.03bc 462.9b 408.0d 21.67a 20.80bcd 2847 242.3¢
Bri+ M1 35.75a 35.70b 496.6a 469.4a 22.60a 21.67a 313.9a 285.2a
Mean 35.24A 34.78A 441.8A 408.3A 21.29A 2]1.03A 268.2A 247.0A
Bro+Mo 34.63a 33.72def 375.2f 344.01 19.73a 20.1d 211.2f  205.8h
Super-P Bro+M]1 35.10a 34.25cd 414.5¢ 379.9¢ 20.58a 20.90bcd  248.7d  231.8¢f
Bri+Mo 3533a 34.78bed 460.3bc 398.2¢ 20.75a 21.40ab 271.2c  2451c
Brl+ Ml 35.70a 35.42b 474.4b 431.3b 21.92a 2]1.38ab 291.3b  260.3b
Mean 35.19A 34.54A 431.1B 388.4B 20.74B 20.96A 255.6B 235.7B
Bro+Mo 34.36B 33.63C 348.4D 327.7D 19.73D 19.87C 199.3D 194.0D
Over all Bro+M1 35.14AB  3525A 416.4C 3804C 2049C 20.96B 245.3C  232.8C
Means Brl+Mo 35.18AB  34.25B 456.8B 399.0B 21.17B 20.98B 27598B 240.6B
Brl+ M1 35.63A 34.68AB 478.6A 439.8A 22.14A 21.48A 297.2A  266.4A

Abbreviations: as those stated for Table (2).
Means followed by the same letter (s) within each column, are not significantly different from each other at 5% level.
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Data in Table (8) also show that
significant increases were observed in the
percentages and yields of protein and oil
when soybean planis inoculated with
Bradyrhizobium compared to mycorrhizal
inoculated one. The highest records of
protein and oil yield of soybean were
observed in case of dual inoculation with
Bradyrhizobium japonicum and Glomus
mosseae and this was observed in the two
growing scasons. These results are in
accordance with ths¢ reported by
Vejsadova ef al (1993); Maksoud ef al
(1995) and Shalaby & Hanna (1998).

Concerning the effect of phosphatic
fertilization, data in Table (8) clearly
show that rock phosphate fertilization
treatments showed significant increase in
protein and oil yield of soybean plants in
comparison with superphosphate
fertilization treatments. The same trend of
results was observed in both seasons.

Regarding the interaction effect, data
in Table (8) show that dual inoculation
with  Bradyrhizobium  japonicum +
mycorrhizae combined with phosphatic
fertilization showed significant increase
in the percentages and yields of protein
and oil of soybean compared to soybean
inoculation or phosphaiic fertilization
separately. The high significant increase
of abovementioned parameters was
obtained in the treatment of soybean
inoculation with  Bradyrhizobium
Jjaponicum + mycorthizae accompanied
with rock phosphate.

CONCLUSION

Generally, it could be concluded that
nearly about 50 % of the nitrogen re-
quirements of soybean could be saved by
Bradyrhizobium  japonicum  inocula-

Mehasen; Zaghlou! and El-Ghozoli

tion.That is of great interest especially
when public health and environmental
pollution were considered.

Also, dual inoculation of soybean
with Bradyrhizobium japonicum and G.
mosseae gave vigorous growth and high
yield as well as yield components of
soybean plamts especially with rock
phosphate. Thereby, the use of rock
phosphate at a rate of 30 kg P,Os/fed
combined with dual inoculation can be
recommended to substitute
superphosphate application for reducing
the production costs of soybean.
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