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Abstract: Two field trials were conducted at Ismailia Agricultural Research Station during the two successive summer
growing seasons of 2005 and 20006 1o study the effect of phosphorus levels (0.8,16 and 32 kg P,0s/fed) and inoculation
with Bradyrhizobium spp. and phosphate dissolving bacteria (Bacillus megaterivm var phosphaticum) either alone or in
combinations on nodulation status (number and dry weight of nodules/plant), growth, nitrogen and phosphorus uptake,
vield and its attributes of groundnuts in a sandy soil. Results showed that inoculation with Bradyrhizobium and
phosphate dissolving bacteria either solely or in combinations improved nodulation status, growth, N and P uptake,
yield and its components. However, dual inocutation with (Bradyrhizebium+ phosphate disselving bacteria) were found
to surpass the single inoculation for the aforementioned characters, in both growing seasons. Increasing phosphorus
levels up to 16 and 32 kg P»0Os/fed significantly increased each of number and dry weight of nodules, dry matter, N and
P uptake, number of pods/plant, pod weight/plant, seed weight/plant, 100-pod weight, 100-seed weight, shelling %, pod
vield/fed and crude protein compared with the plants received 8 kg P;0s /fed and unfertilized treatments. Moreover,
results showed that most of the aforementioned characters increased significantly when the two phosphorus levels (16
and 32 kg P,Qs/fed) were added in combinations with mixed inoculation with {Bradviizobium+ phosphate dissolving
bacteria) compared to other treatments. It can be concluded that improvement of peanut yield could be achieved by
application of 16 kg P,Os/fed as rockphosphate in addition to incculation with (Bradvrhizobium+ phosphate dissolving
bacteria) under sandy soils conditions.
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INTRODUCTION

Peanut (Arachis hyvpogaea L.) is considered to be
one of the most important edible oif crops in Egypt,
which due to its seeds high nutritive value for human
and the produced cake as well as the green leafy hay for
livestock, in addition to the seed oil importance for
industrial purposes. It is one of main crops grown in
sandy soils. These soils are usually poor in plant
nutrients and devoid of root-nodule bacteria which fix
atmospheric nitrogen symbiotically in legumes.

The greatest source of nitrogen for peanut is
symbiotic nitrogen fixation. This account for 50-80% of
the total nitrogen in the plant (Boddey et a/., 1990). The
inoculation of peanut seeds with effective and effictent
strains of Bradyrhizobium spp. prior to sowing, is
recommended, especially when the soil is void of the
specific Rhizobium {(Abdel-Wahab er af., 2006 and El-
Sawy ef af., 20006).

Phosphorus is one of the essential elements, which
plays a highly recognized role in the growth and
metabolism of leguminous plants.

Phosphorus is a constituent of nucleic acids (DNA
and RNA) and 1s considered as high strong energy
compounds (Miller and Donahue, 1993), stimulate cell
division and metabolic processes such as photosynthesis
and synthesis of protein, carbohydrate and lipids
{Marschner,1986) and enhances root growth (Russel,
1973), nodulation and N; -fixation (Knany er af, 2004}.
The phosphorus content in the poor sandy soils is low,
morcover, the available phosphorus in Egyptian soils is
too low to face the plant requirements from this element

(Koreish 'er al., 1998). Furthermore, Egyptian soil pH is
high, which resulted in decreasing phosphorus
availability. Under such conditions, phosphorus
fertilization has always been important (Wahba et af.,
2000).

Biological fertilization becomes an impcrtant factor
to increase availability of P and micronutrients as well
as to improve their uptake. EL-Habbasha et al. (2003)
reported that phosphate dissolving bacteria has an
important role in solubilizing of P and its absorption
which in turn, improves seed germination and yield of
plant, which could be attributed mainly to N,-fixution.

The current work aimed to evaluate the effect of
inoculation with Bradyrhizobium spp. and phosphate
dissolving bacteria (PDB) used solely or in combination
with four rates of phosphorus fertilizer (0,8,16 and 32
kg P;Os/fed as rockphosphate} on nodulation, growth,
shoot contents of N and P, yield and yield attributes of
groundnut.

MATERIALS AND METHODS

Microorganisms:

Bardyrhizobium spp. (strain USDA 3339) and
phosphate dissolving bacteria (Bacilfus megaterium var.
phosphaticiim) were kindly obtained from Biofertilizers
Production Unit, Agric. Microbiology. Dept, Soils
Water and Environ. Res. Inst. (SWERI) Agric. Res.
Center (ARC), Giza, Egypt.

Preparation of bacterial inocula:
Bradyrizobium spp. strain USDA 3339 was grown
on yeast extract mannitol medium broth {Vincent, 1970)
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for 3 days at 28'C on a rotary shaker until early log
phase (5x%10° cfu/ml).

Baciflus megaterium var. phosphaticum was grown
in kings medium B (Atals, 1995) and incubated at 28°C
for three days on rotary shaker (giving 3x10° cfu/mi).
Neutral-powdered vermiculite supplemented with 10%
Iresh peat was used as a carrier. The carrier packed in
polyethlene bags {200 g carrier per bag) then sealed and
sterilized by gamma irradiation (5.0x 10° rads).
Inoculants of each strain were prepared by injected 140
ml of log phase growing culture to 200 g sterilized
carrier mixed thoroughly and left for a week for curing.

Field experiments:

Two field experiments were carried out at Ismailia
Agric. Res. Farm Station, (ARC) during two successive
summer seasons of 2005 and 2006 to study the effect of
dual inoculation with Bradyrhizobium spp. (strain
USDA 3339) and phosphate dissolving bacteria
(Bacillus  megaterium  var.  phosphaticum) under
different levels of phosphate fertilization on nodulation,
growth, N, P content, yield and yield attributes. The
uniform agricultural practices for peanut production
were applied at the proper time. The main physical and
chemical properties of representative soil samples are
shown in Table (1).

Table (1): Physical and chemical properties of the
experimental soil.

Value
Characters Season Season
2005 2005
Sand % 90.1 89.8
. Silt % 24 89.9
pl::;y):::?:s Clay % 7.5 75
Texture grade Sandy  Sandy
S.P (%) 22.20 22.0
pH 7.36 7.35
Chemicai EC (dS_Em"at25°C) 0.30 0.32
properties Organic matter (%) 0.21 0.20
Total soluble N (ppm) 17.62 16.93
-Available P ppm) 8.00 7.79
Ca™ 0.49 0.50
i:::t}:: Mg™ 029 034
(meq L™ Nf 1.69 1.76
K 0.52 0.57
CO;~ 0.00 0.00
Soluble vy - 080  0.84
anions —
(meq L™ CcL : 0.57 0.0l
SO, 1.62 1.72
DTPA- ]li; l.l() 1.20
extractable . © 0.34 0'26
(ppm) n 0.4 0.39
Cu 022 0.23

The following treatments were conducted:
1-Uninoculated and received recommended doses of
N, P and K(40 kg N, 30 kg P;Os and 24 kg K,0
2-Bradyrhizobium {Br)+ zero P,0s /fed

3~ Br.+ 8§ kg P,Os/fed.

4- Br+ 16 kngo5/fEd

5- Br.+ 32 kg PzOsl’de.

6-Phosphate dissolving bacteria {PDB)+ zero P,0s/fed
7- PDB+ 8 kg p205/fed.

8- PDB+ 16 kg P05/ fed.

0- PDB+ 32 kg P,0Os/fed.

10- Br.+ PDB+ zero P,0Os/fed.

I'1- Br+ PDB+ 8 kg P,Os/fed.

12- Br+ PDB+ 16 kg P,0s/fed.

13- Br.+ PDB+ 32 kg P,Os/fed.

A completely randomized block design with four
replicates was used. Seeds of peanut were sown on 17"
and 22" May in 2005 and 2006 growing seasons,
respectively.

Each plot was 3 m in width and 3.5 m length (1/400
fed). Peanut seeds (variety Giza 6) were inoculated with
various incculants at a rate of 400g inoculum/40 kg
secds, just before sowing by wetting them with an
Arabic gum solution {16%), then inoculant was added
and thoroughly mixed.

Rockphosphate (25% P,05) was broadcasted and
incorporated into the soil before planning at the rates of
zero, 8, 16 and 32 kg P;Os/fed equal zero,32, 64 and
128 kg rockphosphate/fed, respectively.

Ail inoculated plots received potassium sulphate
(48% K,0) at the rate of 50 kg/fed. Nitrogen fertilizer
was also applied at rate of 20 kg N/fed in form of
ammonium sulphate (20.5% N) presowing as activator
dase for Bradvrhizobium spp and Bacillus megaterium,

Five guarded plants were taken at random from the
second row of each plot after 75 days from sowing to
determine the number and dry weight of nodules, dry
weight of shoots and total nitrogen and phosphorus
contents.

At harvest time, ten guarded plants were randomly
taken from the second inner two rows of each
experimental unit to determine number of pods/plant,
weight of pods/plant, weight of seeds/plant, 100-seed
weight. The plants on the middle three row in each plot
with 3m’ area were harvested and their pods were air
dried to calculate pod yield (kg/feddan).

Also,
Seed Welzlght/plant 100
Pod Weight/ Plant

and crude protein percentage of seeds, were determined.

shelling % =

Methods of analyses:
-Soil characters were determined according to Page ef
al {1982).
-Total nitrogen and phosphorus in shoots as well as
total- N of seeds were assumed according to Page et
al. (1982).
-Crude protein of seeds was calculated by multiply
N% of seeds by a factor of 6.25 (Tripathi er al,
1971).
All data were statistically analyzed according to
Snedecor and Cochran {1980).

RESULTS AND DISCUSSION

Nodulation status:

The influence of inoculation with Bradyrhizobium
spp. and Bacillus megaterium under different levels of
phosphorus fertilization (0, 8, 16 and 32 kg P,Os/fed) at
2005 and 2006 growing seasons are shown in Table (2).
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[rrespective of phosphorus rate, data revealed that
uninoculated peanut plants {control) formed 12.67 and
11.67 nodules/plant in 2005 and 2006 secasons,
respectively. The corresponding nodules dry weight
were 82.33 and 80.00 mg/plant.. Results suggest that the
presence of native rhizobia of peanut in the
experimental soil, which was reported by (Abdel-
Wahab et al, 2000 and El- Sawy ef of.. 2006). In
general, noculation with Bradyrhizebium spp. and
Bacillus  megaterium  either  solely or both in
combination enhanced the nodulation status of peanut
plants in both seasons. The highest nodulation status
was obtained by dual inoculation with (Bradvrhizobium
sppt+  Bacillus  megaterium)  followed by single
inoculation with Bradyrhizobium followed by Bacillus
megaterinm. These results are in harmony with those
obtained by  Srinivasan ef al. (1997) who found that
co-inoculation with Rhizebiwm and Bacillus isolates
resulted in increasing number of nodules, nodules fresh
weight, nitrogenase activity and leghaemoglobin content
in the root nodules of Phaseolus vulgaris. Also,
Hassanein e al. (2006) found that co-inoculation with
Rhizobium and Bacillus subtilis caused significant
increases in number and dry weight of nodules
compared with the uninoculated plants.

Also, data in Table {2) demonstrated that
phosphorus fertilization increased number and dry
weight of nodules in both seasons. The highest number
and dry weight ot nodules were obtained by adding 16

or 32 kg P;0sfed as rockphosphate, while the
corresponding lowest ones were scored when no
phosphorus fertilization was added. Similar observation
has been reported by Saleh et al, (2000} & Zaki and
Radwan (2006) who reported that nodule number was
enhanced by increasing phosphorus level, and there
was, almost, a two fold increase in nodules number with
the addijtion of phosphorus.

Application of rockphosphate at the rates of 16 or
32 kg PyOsffed to treatments inoculated with
Bradyrizobium and  Baciltus  megaterium  resulted
significant increases in number and dry weight of
nodules in both growing seasons. The highest values of
nodules number/plant (87.33 and 78.67) and nodules
dry weight /plant (876.0 and 879.33mg) were obtained
by using dual inoculation {Bradyrhizobium+ Bacillus
megaterium) and 16 kg P,0sfed followed by
inoculation with Bradyrhizobium+ Bacillus
megaterium) and 32 kg P,0s/fed, which recorded (77.67
and 74.00) for nodules number and (697.33 and 835.00
mg/plant) for nodules dry weight in both seasons,
respectively.

These results could be explained as increasing
phosphorus level up to 16 or 32 kg P,Os/fed may
enhance the Bradyrhizobium bacterta to form more
nodules. These resuits agree with those obtained by El-
Habbasha er al(2005) who reported that nodules
number and dry weight were enhanced by increasing
application rate of phosphorus up to 30 kg P;Os/fed.

Table (2): Effect of co-inoculation with Bradyriizobium spp. and phosphate dissolving bacteria on number and dry

weight of nodules

Season 2005

Season 2006

Treatments Number of Dry weight of Number of Dry weight of
nodules nodules
nodufes/ plant. mg/ plant. nodules/ plant. mg/ plant.
Uninoculated (Recommended NPK) 12,67 8233 11.67 80.00
Br.+ zero Kg P, Q4 fed. 37.33 264.67 39.00 240.00
Br+ 8 Kg P, Q4 fed. 53.33 323.00 55.00 350.30
Br+ 16 Kg P, 04/ fed. 54.00 350.00 58.00 355.67
Br+ 32 Kg Py O fed. 75.00 354.67 59.00 434.30
PDB+ zero Kg P, O/ fed. 16.00 138.00 13.00 129.33
PDB+ 8 Kg P, O+ fed. 20.33 144.33 24.67 168.00
PDB+ 16 Kg P, Os/ fed. 25.67 160.00 26.67 202.67
PDB+ 32 Kg P, O5/ fed. 25.33 149.33 25.07 198.00
Br.+ PDB+ zero Kg P; O4 fed. 71.67 361.00 64.33 452.00
Br+ PDB+ 8 Kg P, Oy fed. 7133 57933 66.67 746.00
Br+ PDB+ 16 Kg P, O/ fed. 87.33 §76.00 78.67 879.33
Br.+ PDB+ 32 Kg P, O/ fed. 77.67 697.33 74.00 835.00
L.S. D 0.05 10.88 71.75 14.91 81.18

Br = Bradyrhizobium spp., PDB = Phosphate dissolving bacteria.

Peanut growth, nitrogen and phosphorus contents:
Shoots dry weight and its nitrogen and phosphorus
contents as affected by inoculation with Bradyrhizobiwm
spp. and phosphate dissolving bacteria (PDB) used
either solely or in combination with four rates of
phosphorus as {rockphosphate) in both growing seasons
are given in Table (3). Results revealed that
uninoculated plants fertilized with full dose of NPK
produced high shoots dry weight (2023 and

21.07g/plant), nitrogen content (799.96 and 789.81 mg
N/plant) and phosphorus content (284.67 and 266.11 mg
P/plant} in both growing seasons, respectively. Ali
inoculation treatments improved the observed plant
growth parameters mainly, dry weight of shoot, N and P
contents. However, dual inoculation with
Bradvrhizobium spp and Bacillus megaterium were
found to surpass the single inocnlation for shoot dry
wetght, nitrogen and phosphorus contents. These results
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are in an agreement with those obtained by El-Dsouky
and Attia (1999) and Abo El-Soud er a4l (2003) who
found significant increases in plant dry weight, N and P-
contents, wherever, the tripartite association of rhizobia,
phosphate dissolving bacteria and legumes were found.

With respect to the influence of phosphorus
fertilization on dry matter, N and p-contents, obtained
results showed that increasing application rate of
phosphorus fertilization up to 16 kg P>0Os caused
significant increases of the all studied characters
mentioned above compared with the unfertilized plants
in both growing seasons. However, application of 32 kg
P05 /fed resulted less values for these characteristics
compared with 16 kg P,O; /fed without significant
differences between the two rates. Such effects may be
due to that phosphorus encourages the growth of root
system, nodulation and the fixation and utilization of N
as well as the role of P in enhancing photosynthesis,
carbohydrates metabolism and protein synthesis and this
in turn increased the amount of metabolites synthesized
by the peanut plants resulting increasing dry weight of
its organs i.e, roots, leaves and stem. These results are
confirmed by those reported by Alt and Mowafy (2003)
& El-Sayed and Youssef (2003},

Data in Table {3) show also thal Bradyrhizobium
inoculation coupled with 32 kg P,Os recorded increases
in shoot dry weight by (22.71 and [4.20%), N-content
by {2923 and 23.00%) and P-content by (22.19 and
13.23%5) over those recorded by the plants inoculated
with the same strain but had not received any
phosphorus  fertilization.  Bacillus  megaterium
inoculation combined with 16 kg P,0s /fed caused

significant increases over the plants inoculated with the
same strains and had not received any phosphorus
fertilization. These increases were 40.14 and 29.62% for
dry matter, 52.68 and 44.76% for N-content and 61.36
and 45.89% for P-content in both growing seasons,
respectively. Also, data in Table (3) showed that dual
inoculation with  Bradyrhizobium  and  Bacillus
megaterium combined with phosphorus application at
the rate of 16 kg P,Os/fed gave increases in shoot dry
weight by 33.87 and 20.73%, nitrogen content by 30.55
and 38.97% and P-content by 85.89 and 93.72% over
the plants inoculated with Bradyrhizobium only and
received phosphorus fertilization at the rate of 32 kg
P,Os/fed. In this respect, Zayed (1998) noted that the
ability of bacteria to dissolve  the precipitated
phosphorus depends on its efficiency in producing
inorganic, organic acids and/or CO;. Therefore, the
unavailable forms of phosphorus can be partially
dissolved by the action of phosphate dissolving bacteria
naturally occurring or inoculated in the soil. These
results are in harmony with those obtained by Abo El-
Soud ef af (2003} and Mekhemar et «f (2005) who
reported that inoculation with Rhizobium either alone or
in combined with helper bacteria increased dry weight
of shoot, and its N-content and that could be attributed
to nitrogen fixation, consequently increasing plant
growth. Also Abdel-Wahab er af. (2007} found that co-
ionculation  with  Bradyrhizobium and  Bacillus
megaterium recorded higher values of nodular tissues,
shoot dry weight as well as shoot nitrogen and
phosphorus contents of chickpea plants.

Table {3): Effect of co-inoculation with Bradvrhizobium spp. and phosphate dissolving bacteria on dry weight, N and

P-contents of shoot of peanut plant.

Season 2005

Season 2006

Treatments Dry weight Shoot  Dry weight  Shoot Shoot

of shoot  N-content P-content ofshoot N-content P-content

(g)/ plant _mg/plant  mg/plant _ (g)/ plant. mg/plant mg/ plant
Uninoculated (Recommended NPK) 20.23 799.96 284.67 21.07 789.81 266.11
Br.+ zero Kg P; Oy fed. 16.60 48583 (41,10 16.90 479,92 145.84
Br+ 8 Kg P; Oy fed. [8.80 567.32 155,36 [823 544.50 [50.00
Br+ 16 Kg P; O4/ fed. 20.17 622.78 172.73 19.07 589.82 160.40
Br.+ 32 Kg P, O/ fed. 20.37 627.84 17241 19.30 590.30 165.13
PDB+ zero Kg P; O/ fed. 12.63 298.16 118.75 12.73 29295 L18.77
PDB+ 8§ Kg P; O/ fed. 15.17 372.58 144.09 15.40 370.33 i46.35
PDB+ 16 Kg P, O5/ fed. 17.70 45525 191.85 16.50 424.07 173.28
PDB+ 32 Kg P; O4 fed. 16.66 422,49 163.30 1490 381.01 149.50
Br.+ PDB+ zero Kg P, O/ fed. 18.10 603.35 204 .51 18.23 618.01 20943
Br.+ PDB+ 8 Kg I, Oy fed. 22.97 795.66 31649 20,93 71165 272.84
Br.+ PDB+ 16 Kg P, O/ fed. 2727 §19.05 32049 23.30 820.34 319.89
Br.+ PDB+ 32 Kg P, O4/ fed. 23.03 801.63 312,16 2247 789.99 314.44
L. S. D 0.05 1.96 57.60 20.45 2,234 67.93 26.29

Peanut yield and some yield components;

The effect of inoculation with Bradyrhizobium and
Bacillus  megaterium under different levels of
phosphorus on number of pods/plant, pod weight
g/plant, seed weight g/plant and 100-pod weight g/plant
are presented in Table (4). Results show that there are
significant increases in the abovementioned parameters

by incculation with Bradyrhizbivm and Bacilius
megaterium  either individually or incombined
application.

In gencral, the inoculation with Brodyrhizobium
was more effective in this respect effective than
Bacilius megaterium, The highest increase in values of
all studied characters were observed for inoculated
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treatments with mixture of Bradvrhizobium and Bacillus
megaterium. The positive effect of inoculation could be
attributed to producing some biologically active
substances, i.e., indole acetic acid, giberiliine and
cytokinine like substances. These substances greatly

help in increasing the root biomass and thus indirectly
enhance absorption of nutrients from surrounding
environment (Saubidet ef af. 2000 and Tilak et ai,
2005).

Table (4): Effect of co-inoculation with Bradyrhizobiunt spp. and phosphate dissolving bacterta on number of pods,
pods weight, seed weight and 100 pods weight of peanut plants.

Season 2005

Season 2006

No.of  Pods Seed 100-pods No.of Pods Seed 10@-pods
Treatments. pods/  weight  weight weight  pods/  weight weight weight
plant  (g/plant) (g/plant)  (g) plant__ (g/plant) (g/plant) (g)
Uninoculated (Recommended NPK) 57.37 67.40 4313 155.67  58.13 70.20  45.07  159.33
Br.+ zero Kg P; O/ fed. 5077 04.73 40.80 136.67 5097 61.60 37.83  155.00
Br.+ 8 Kg P, O/ fed. 57.43 67.07 4433 15900  56.60 67.70 4300 156.33
Br.+16 Kg P, Os/ fed. 59.03 70.03 4423 156.00 56.67 71.43 46.53  161.67
Br.+ 32 Kg P, O4/ fed. 59.90 71.40 4823 16400  64.53 70.10  48.17  165.67
PDB+ zero Kg P, O/ fed. 47.07 62.10 3700 14500 4851 62.67 36.83  148.67
PDB+ 8 Kg P, O/ fed. 50.03 03.77 38.603  154.00  49.00 64.10 37.60  154.00
PDB+ 16 K¢ P, O/ fed. 58.07 70.50 4793 16567 0433 70.53 43.00  164.67
PDB+ 32 Kg P, O/ fed. 535.17 6590 4043 15407  55.10 65.67 40.30  157.33
Br.+ PDB+ zero Kg P, Os/ fed. 50.67 06.83 41.03 16133  57.57 67.03 4227 15933
Br.+ PDB+ 8 Kg P; O3/ fed. 60.00 71.73 4723 16453 60.20 68.47 4423 16033
Br.+ PDB+ 16 Kg P, O5/ fed. 69.30 74.03 5123 17133 70.07 75.33 5313 169.33
Br.+ PDB+ 32 Kg P; O/ fed. 61.33 72.13 4340 16633 6050 72.33 3047 164.00
L.S.D0.05 8.54 4.922 7.128 10.68 9.159 5.810 0.603 7.456

Data in Table (4) also, revealed that number of
pods, pod weight, seed weight/plant and [00-pods
weight  increased  significantly  with  increasing
application rate of phosphorus from zero to 32 P,0;
kg/fed in both growing seasons. The highest number of
pods/plant {69.30 and 70.07), pod weight (74.03 and
75.33 gfplant), seed weight (51.23 and 53.13 g/plant)
and 100-pods weight (17t.33 and 169.33) were due to
dual inoculation with {(Bradyrhizobium and Bacillus
megateriumy+ 16 kg P,0s/fed followed by inoculation
with Bradvrhizobium+ 32 kg P,Os then Bacillus
megaterium+ 16 kg P;0s in the first and second seasons,
respectively. These increases may due to the effect of
co-inoculation with Bradyrhizobium and Bacitlus spp,
which exert their influence via the production of
specific  activator compounds  through  ditferent
mechanisms that have the ability to enbance the
nodulation, N,- fixation, nutrient availability as well as
improving the nutrient and water uptake in sandy soil.
These results are in accordance with those reported by
Kloepper (2003), Tilak et af. (2005) and Abdel- Wahab
et al. (2006}. Data in Table (5) revealed that inoculation
of peanut with either Bradyriizobium and/or phosphate
dissolving bacteria in combination with phosphorus
fertilization gave different responses. The highest pod
yield, shelling %, 100-seed weight and crude protein %
were  due to the treatment inoculated with
Bradyrhizobium and Bacillus megaterium. Also, dual
inoculation gave a similar effect of the full dose of
NPK. These effects may be attributed to auxin, gibreilin
and cvtokinine produced by rhizobacteria. These results
are in harmony with those obtained by Dileep Kumar ef
al. {2001) and Bai et al. (2003).

Data in Table (5) indicated that pod yield/fed,
shelling %, 100-seed weight and crude protein increased
as phosphorus fertilizer increased from 0 to 32 kg
P.Os/fed. The positive effect of phosphorus fertitization
on peanut vield and its attributes might be due to the
favorable effects of phosphorus in  stimulating
nodulation and the growth of root system, consequently
increasing the efficiency of the roots in absorbing
various nutrients enhance the vegetative growth of
peanut plants as expressed by plant height, number of
branches/plant, which in turn increased number of
flowers and pods/plant. Moreover, phosphorus
increased flowers number/plant and pods setting. These
results are in agreement with those obtained by Hafiz
and El-Kholy (2000) & El-Sayed and Youssef (2003).
Also, P stimulate nodulation and N, fixation as well as
the important role of P in protein synthesis. These
results are in parallel with those reported by Abdel
Wahab er a/. (1999} and El-Habbasha et af. (2005),

Concerning the effect of inoculation combined with
phosphorus fertilizer, data in Table (5) declared that
dual inoculation with Bradyrhizobium and Bacillus
megaterium combined with 16 kg P,0s/fed induced the
highest pod yield/fed (2198.00 and 2193.30), shelling%
{69.07 and 70.57), 100-seed weight g {84.33 and 83.33)
and crude protein?% (29.07 and 29.04) in both growing
seasons, respectively.

These results may be attributed to the nature of roct
exudates, which act as suitable substrates for the
associative bacteria, that release plant promoting
substances mainly indole acetic acid, gibbrellins and
cytekinins. The plant growth promoters could stimulate
plant growth, absorption of nutrients and their efficiency
as well as the metabolism of photosynthates. These
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resuits stand in -accordance with those obtained by
Kloepper (2003) and Tilak et al. {(2005).

Generally, on the basis of the obtained results it is
concluded that yvield and its attributes of peanut plants
inoculated with dual inocula (Bradyrhizobium and
phosphate dissolving bacteria) and fertilized with 32 kg
P;0s/fed rockphosphate almost corresponded with
Bradyrhizobium+ PDB and fertilized with 10 kg

P,Os/fed of rockphosphate. Therefore. the use of
phosphorus at a rate of 16 kg P,0s/fed combined with
dual inoculation with Bradvrhizobivm plus PDB may be
recommended as an alternative for phosphorus
fertilization at a rate of 32 kg P,0Os as well as the
recommened NPK doses to reduce the production costs
of peanut grown in sandy soils and to avoid soil
pollution.

Table {5): Effect of co-inoculation with Bradyrhizobium spp. and phosphate dissolving bacteria on 100- seed weight,
shelling %, pod yield/fed and crude protein%s of peanut plants.

Season 2005

Season 20006

100- o Crude 100- Crude

Treatments. Seed Shelling . protein  Seed Shelling . protein

weight (%) ¢ ylellcél fed ot seed weight (%) yle(l;ged of seed
@) ) ) @ D )
Uninoculated {(Recommended NPK) 8233 6403 17842 28.78 79.33 64.20 17251 29.12
Br.+ zero Kg P; O4/ fed. 76.33 62.87 14980 2444 72.33 61.77 15758 2497
Br.+ 8 Kg P, O+ fed. 78.33 6327 17578 2535 75.67 63.53 1680.8  25.00
Br.+ 16 Kg P, Oy fed. 7933 6580 17547 2544 77.67 65.03 17733 25.07
Br+ 32 Kg P; O/ fed. 8067 6757 17749 2541 80.67 08.63 18418 25.17
PDB+ zero Kg P, O4/ fed. 73.67 4940 14031 2695 7030 5873 12600 2030
PDB+ 8 Kg P, O4/ fed. 73.67 6047 1569.6 2109 7400 5660 1487.1 21.04
PDB+ 16 Kg P; O/ fed. 77.33  68.00 15945 2207 7667 6805 1l66v.l 22.2]
PDB+ 32 Kg P; O/ fed. 7700 6140 15960 2165 7500 6143 14930 21.69
Br.+ PDB+ zero Kg P> O/ fed. 76.67 6140 17562 26.00 7633 6290 17313 2593
Br.+ PDB+ 8 Kg P, Oy fed. 76.67 6583 17936 2897 7733 63570 17951  28.89
Br+ PDB+ 16 Kg P, O5/ fed. 3433  69.07 21980 29.07 8333  70.57 21933 29.04
Br.+ PDB+ 32 Kg P, O4/ fed. 77.67 67.07 20487 29.03 79.00 6970 20269 2890
L.S8.D 0.05 4.086 4.551 401.2 .354 4.863 4.835 4223 0.353

Br.= Bradyrhizobium sp
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