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ABSTRACT

The interaction between phosphate-dissolving bacteria and Zea mays plants
was investigated. Results showed that: Highly variation in the ability of phosphate-
solubilizing bacteria in bringing down the pH of the media and consequently varied in
their ability in releasing soluble phosphorus. The highest level of soluble-P (421.9
ppm) was released by isolate No. 15. Greatest amolunt of maize dry weight and grain
yield was obtained with the inoculation at 10 and 20 days after planting. The
inoculation at 10 and 20 days with celi suspension was more active than its
application as cell suspension to the grains one hour before sowing. P and N content
in maize plants and their grain were increased significantly with the treatments of
grain slurry plus supplementary inoculation of cell suspension at 10 or at 10 and 20
days after planting and those inoculated with cell suspension at 10 and 20 days from
planting. There are a positive correlation between inoculation with phosphate
dissolvers and N-content in the plant during the two seasons. Results also showed
maximum counts of phosphate dissolving bacteria in rhizosphere soil of maize after
60 days from sowing in all treatment, which gradually increased up to 60 days,
thereafter decreased. The inoculation of maize plants with phosphate dissolving
bacteria increased the amount of soluble phosphorus in the rhizosphere soil of maize
compared to the non-inoculated soil. The increase of phosphorus content was
significant with the treatment of seed slurry plus supplementary cell suspension at 10
and 20 days after planting. Therefore, the application of rock phosphate and
inoculation with efficient phosphate-dissolving bacteria produced more amount of
soluble phosphorus in the soil , which plays an important role in metabolic pathways
in living organisms and thus increased the yield of plant.
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INTRODUCTION

Maize is one of the major grain crops worldwide including as well as
in Egypt. Any effort to increase maize yield to face the continual increasing of
consumption is highly appreciated. It is well known that phosphorus is
considered as one of the limiting factors to achieve the high yield of crop,
which itis a core of the metabolic pathways of the living organisms. With the
steadily increasing phosphorus and nitrogen fertilizers prices and the
poliution problems, efforts to decrease chemical fertilizers by using
biofertilizers might reduce financial costs as well as chemical pollution. Also,
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there is a wide interest in the use of compination of mineral- and bio-fertilizer
as substituent and cheapsource for chemical fertilizers (Hernandez et al.,
1995; Hauka et al, 1996; Farag, 1998; Kotb, 1998 Hauka, 2000 and
Hammouda et al., 2001).

The population of phosphate-solubilizing bacteria was higher in some
soil herizones. The population mostly conistituted more than 10% of the total
bacteria (Gupta et al, 1986 and Krishanaraj & Gowda, 1990). Phosphate-
solubilizing bacteria, Azotobacter sp and vesicular- arbuscular mycorrhiza
(VAM) increased grain yield by 31, 37 and 6%, respectively, in comparison
with non biofertilized control. Very high grain yield (25%) was recorded with
application of such inoculants compared to those of NPK alone (Mishra et al.,
1995). Also, application of biofertilizers to soil improved the microbial counts
of Azotobacter, Azospirillium and phosphate-dissolving bacteria in
rhizosphere of plants (El-Sersawy et al., 1997). Thus, there have been many
successful attempts to improve maize yield and its grains suppiemented by
using mixtures of nitrogen-fixing bacteria and mycorrhiza (Hao et al., 1991
and Hauka, 2000). Maize plants growth and nutrient content were increased
by dual inoculation with phosphate-dissolving bacteria and VA mycorrhiza in
the presence of rock phosphate (Heggo & Barakah, 1983 and Hauka, 2000).
Furthermore, the beneficial influence of phosphate-solubolizing bacteria on
survival of nitrogen—fixing bacteria in the rhizosphere has been observed.
Other results have been recorded after inoculation of sorghum with
Azospirillium and phosphate-dissolving bacteria (Kundu & Gaur, 1980;
Alagawadi & Gaur, 1988 and Hauka, 2000).

Therefore, this study was focused to evaluate the effect of different
inoculation methods of phosphate-solubilizing bacteria on stalks and grain
yield of Zea mays plants and its containing of phosphorus and nitrogen
amount grown in soil amended with rock phosphate.

MATERIALS AND METHODS

Microorganisms:

Twenty bacterial isolates of Bacillus megaterium were selected from
rhizosphere soil of maize which showed positive reaction on plates of Bunt
and Rovira medium (1955). To evaluate the efficiency of each isolate in
increasing the availability of precipitated phosphorus, Erlenmeyer flasks
containing Bunt and Rovira medium (1955) modified by Taha et al. (1969)
were prepared. Each flask containing 90 ml of the medium was
supplemented with 0.25 g of tricalcium phosphate. The pH was adjusted to
7.4 to ensure minimal soluble phosphate concentration in the medium. Each
bacterial isolate was grown separately for 10 days at 30°C.

Changes of pH and amounts of soluble phosphorus were measured
after 10 days. The soluble phosphorus was determined according to
methods recorded by Jackson (1973). The most efficient isolate was
selected to be used as phosphate dissolving bacterial inocutum.
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Preparation of inocula:

The selected phosphate dissolving bacteria was grown in nutrient
broth medium (Oxoid Manual, 1865) for five days (giving 10° cells/ml), and
either impregnated into a sterile finely ground composted cotton and husk as
a carrier to 8give 108 cells / g, or applied directly as a cell suspension
containing 10° cells/ml. The following inoculation treatments were tested:
grain inoculation with cell suspension one hour before sowing (SI),
inoculation the soil beside the plants with 10 ml/plant with cell suspension
(CS) at 10 or at 10 + 20 days after planting (DAP); grain slurry inoculation
with composted cotton seed husk inoculum (SS) one hour before sowing;
seed slurry followed by supplementary inoculation with 10 ml/Plant of the cell
suspension beside the plants at 10 (SS + CS 10) or at 10 + 20 (SS + CS 10
and 20 DAP), and non-inoculated seeds as control.

Field experiments:

The present work was carried out under field conditions in the
Experimental Farm of the Faculty of Agriculture, Minia University during 2002
and 2003 seasons.

The soil type was clay loam, with pH 7.85, coarse sand, 2.4%, fine
sand 23.5%, silt 31.2%, clay 42.5%, organic matter 1.45%, total N 0.14%,
CaC0; 2.25% and available P 13.35 ppm.

A randomized complete block design with four replicates was used.
Each plot area was 3 x 3 m. grains of maize (Zea mays L.) variety of Twc 310
were planted with 50 and 25 cm between and within rows, respectively. Five
seeds were planted and later thinned .to two plants per hole.

Recommended dose of nitrogen fertilizer (120 Kg/fed) as reported by
Ministry of Agriculture in Egypt was applied in three equal doses before first,
second and third irrigation in the form of urea (46% N).

Rock phosphate (28.0% P,0s) was added at a rate of 100 Kg/fed one
week before sowing.  All agricultural practices of growing maize were
conducted as usual.

At harvest the three inner rows were selected for determining dry
matter of straw (Kg/fed), grain yield (ardab/fed), and P and N content in stalks
and grain (Kg/fed).

Total N and total P were determined according to the methods
recorded by Jackson (1973),

Statistical analysis:
All collected data were subjected to analyses of variance according
to the procedure outlined by Steel and Torrie (1980).

Enumerating phosphate-dissolving bacteria in rhizosphere soil of
maize:

Samples of rhizosphere soil of maize were collected by mechanical
removal of the tightly adhering soil after shaking the roots together. Serial
dilution of rhizosphere soil were made under sterile conditions. Bunt and
Rovira medium (1955) modified by Taha et al. (1969) was used. Phosphate-
dissolving bacteria were readily detected by clear zones around the colonies
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after incubation at 30°C for 48 h. The counts were recorded at intervals of 15
days up to 90 days after sowing.The amounts of séluble P (ppm) in the
rhizosphere soil were also measured.

RESULTS AND DISCUSSION

Results presented in Table (1) showed the reduction in pH values
and the increase of the soluble phosphorus in the media during the growth of
the tested phosphate-dissolving bacterial isolates (Bacillus megaterium) in
liquid medium containing insoluble phosphate. It is known that the ability of
bacteria to dissolve the precipitated form of phosphorus, Cas(PO,),, depends
on its ability in producing inorganic acids or organic ones and CO; (Laune et
al.,1981 and Rajan et al.,1991). As shown in Table (1) the tested bacterial
isolates varied in their ability in bringing down the pH of the media and
consequently varied in their ability in releasing soluble phosphorus. The
highest amount-P (421.9 ppm) was released by bacterial isolate No. 15,
which was able to reduce the pH of the medium to 3.85 within 10 days.
Accordingly, this isolate (No. 15) was selected to be used as phosphate
dissolving inoculum for further experimentation.

Table (1): The efficiency of phosphate-dissolving isolates in solubilizing
the precipitated phosphorus in ligid culture media after

incubation at 30°C for 10 days.

Isolate No. Soluble P (ppm) PH |
1 115.8 5.10 |
2 265.3 4.70 |
3 108.0 5.60
4 39.4 7.10
5 135.8 4.85
6 279.3 4.60
7 37.4 7.10
8 48.6 6.90
9 315.3 4.20
10 170.2 5.17
1 130.0 5.62
12 196.3 5.31
13 415.6 4.15
14 161.4 5.60
15 421.9 3.85
16 312.7 5.10
17 326.4 4.61
18 281.7 4.85
19 95.3 6.10

20 119.5 5.7
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The effect of inoculation methods with Bacillus megaterium as
phosphate-disscivers incculant on dry weight (Kg/fed) and grain yield
(ardab/fed) of maize i> presented in Table (2). The data clearly show that,
the split addition with phosphate dissolver inoculum recorded the greatest
values of dry weight and grain yield of maize at the two seasons. The slurry
plus supplemental suspension inoculation at 10 and 20 days after planting
was slightly better (but not significant) than the slurry plus cell suspension
inoculation at 10 days after planting. However, the two treatments showed
significant values of dry matter and grain yield as compared to other
treatments. On the other hand, application of phosphate dissolvers inoculum
as cell suspension to the plants at 10 and 20 days after planting more
efficient active than its application as cell suspention to the seeds one hour
before sowing. However, the non-inoculated treatments recorded the lowest
values of dry matter and grain yield in both the two seasons, indicating the
beneficial effect of phosphate dissolvers inoculation (Satter and Guar, 1989;
Saber and Kabesh, 1990; Datta ef al., 1992; Heggo & Barakah, 1993; Singh
et al., 1995 and Dubey et al., 1997).

Table (2): Effect of different inoculation treatment by phosphate
dissolvers on dry matter of straw (KG/fed) and grain yield
(ardabl/fed) of maize.

2002 season 2003 season
Inoculation treatments Grain Grain
Stalks yield Stalks yield
Si 2150° 17.8° 2190° 18.2°
CS 10 DAP 2180° 18.1* 2210* 18.6*
CS 10 and 20 DAP 2211° 18.6" 2230° 18.9*
SS 2155° 18.3° 2180° 18.3*
SS + CS 10 DAP 2261° 18.9° 2280° 19.2
SS + CS 10 and 20 DAP 2290° 19.6° 2320° 20.3°
Uninoculated (Control) 2138° 17.6* 2150* 17.8°
Values within a column followed by the same letter are not significant at the 0.05 level.cel

suspension one hour before sowing (Sl); inoculation the soil beside the plants with 10
mb/plant with cell suspension (CS) at 10 or at 10 + 20 days after planting (DAP); seed
slurry inoculation with composted cotton seed husk inoculum (SS) one hour before
sowing; seed slurry followed by supplementary Inoculation with 10 mi/Plant of the cell
suspension beside the plants at 10 (SS + CS 10) or at 10 + 20 (SS + CS 10 and 29 DAP),
and non-inoculated seeds as control.

Data in Table (3) show that, the inoculated plants contained much
quantities of P and N as compared to non-inoculated one during 2002 and
2003 seasons. The increase in P and N-content was significant with the
treatments of seed slurry plus supplementary inoculation of cell suspension at
10 or at 10 and 20 days after pianting and those inoculated with cell
suspension at 10 and 20 days from planting. While the increase in P and N-
content resulted from the other treatments was not significant.

The data also indicated that there is a positive correlation between
inoculation with phosphate dissolvers and N-content in the plants during the
two seasons. Similar findings were also reported by Saber and Kabesh
(1990), Datta et al. (1992) and Heggo and Barakah (1993).

6879



El-Mohandes, M. A. O. et al.

Table (3): Effect of different inoculation methods by phosphate dissolvers on P
and N content in straw and grain (Kg/fed) of maize plants.

[ 2002 season 2003 season
Inoculation treatments P N P N

Straw| Grain |Straw | Grain |Straw| Grain |Straw | Grain
S| 57° | 9.7° [41.2°]72.3°[ 5.9° [10.1°[41.3%[72.5°
CS 10 DAP 59° | 9.8° [41.6°]72.4%] 6.7° [ 10.2°[415%|72.5°
CS 10 and 20 DAP 6.2° |10.6° | 41.7°[72.6"] 6.5° [10.8°[42.0°|72.7°
SS 5.8° | 9.8° [41.3°|72.3° 6.1° | 10.3%°[41.5° | 72.6°
SS + CS 10 DAP 6.3° [11.3°[42.2°|73.1°] 6.7° [11.5°[43.3°| 73.2°
SS + CS 10 and 20 DAP 75 [11.7°[43.7°|73.6°[ 7.9° [12.1°[41.27[73.5°
Uninoculated (Control) 54° | 9.2° [404%°[71.5°] 6.6° | 0.8% [41.27]|72.4°

cell suspension one hour before sowing (Sl); inoculation the soil beside the plants with 10
mi/plant with cell suspension (CS) at 10 or at 10 + 20 days after planting (DAP); seed
slurry Inoculation with composted cotton seed husk inoculum (SS) one hour before
sowing; seed slurry followed by supplementary inoculation with 10 mi/Plant of the celi
suspension beside the plants at 10 (SS + CS 10) or at 10 + 20 (SS + CS 10 and 20 DAP),
and non-inoculated seeds as control.

Results presented in Table (4) reveal that, the Nos. of phosphate
dissolving bacteria in rhizosphere soil of maize increased gradualiy, reached
their maxima after 60 days from sowing in all the inoculation treatments under
investigation during the two seasons (2002 and 2003), and thereafter
decreased slightly. = The data also showed that the highest counts of
phosphate-dissolving bacteria were recorded in the rhizosphere soit of seed
slurry maize, which received supplemental cell suspension inoculum at 10
and 20 days after planting in both 2002 and 2603 seasons. The low numbers
of phosphate-dissolving bacteria were recorded in the rhizosphere of non
inoculated soil. Zaghloul et al. (1996) also found that, inoculation of wheat
seeds with phosphate solubilizing bacteria gave the highest counts of
phosphate dissolvers in the soil. However, the phosphate dissolving bacteria
generally occur in abundance in the rhizosphere and non-rhizosphere area of
different crops. They vary in the numbers according to the type of soil, soil
pH and the type of cuitivated crop (Martinez et al., 1990 and Rokade and
Patri (1992). In addition, Gupta et al. (1986) reported that, organic carbon
content of the soil markedly influenced the numbers of phosphate dissolving
bacteria. Grass and forest lands had larger populations than cultivated soils.
Data presented in Table (5) show the amount of soluble phosphorus in the
rhizosphere soil of maize during different growth phases as affected by
varying the methods of inoculation with phosphate dissolving bacteria. The
results indicate that inoculation of maize with phosphate dissolving bacteria
increased the amount of soluble phosphorus in the rhizosphere soil of maize
as compared to the non inoculated treatments.The increase was significant
with the treatments of seed slurry plus supplementary cell suspension at 10
and 20 days after planting, while other inoculation treatments recorded non-
significant increases. The maximum amounts of soluble phosphorus were
reduced after 60 days from sowing in all treatments during the two seasons
(2002 and 2003). The results also show positive correlation among the
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amount of soluble P (Table 5) and the number of phosphate-dissolving”
bacteria (Table 4). However, the phosphate dissolving bacteria vary in their

phosphate solubilizing ability (Alexander, 1977). In addition, the amounts of

solubilizing phosphate were related to the amount of that form of phosphate

present in the soil. The efficiency of bacterial strains in phosphate

solubilization varied greatly with the form of inorganic phosphate (Martinez et

al., 1990).

Table (4): Log numbers of phosphate-dissolving bacteria (per gram) in
rhizosphere soil of maize amended with rock phosphate
during different growth phase as affected by variation of
inoculation methods with phosphate dissolving bacteria.

Inoculation Season 2002 5 " — Season 2003
treatment ays after inoculation
15 30 45 60 90 15 30 45 60 90
1 542 | 631 | 685 | 735 | 715 | 560 | 645 | 7.10 | 7.63 7.28
2 561 [ 635 [ 693 [ 741 | 725 | 591 | 663 | 7.21 | 7.8% 7.41
3 632 | 671 | 710 | 765 | 743 | 650 | 6.91 | 745 | 7.93 7.50
4 545 | 651 | 693 [ 740 | 720 | 550 | 650 | 7.15 | 7.73 7.36
5 651 | 692 [ 764 | 775 | 751 [ 661 | 741 [ 795 | 8.10 7.65
6 710 | 750 | 793 [ 821 [ 775 | 7.35 | 795 | 8.15 | 863 7.90
7 §31 ] 610 | 675 | 715 [ 680 | 510 | 613 | 7.21 | 7.6C 7.10

1=cell suspension one hour before sowing (Sl);2= inoculation the soil beside the plants
with 10 mi/plant with cell suspension (CS) at 10 or 3=at 10 + 20 days after planting (DAP);
4=seed slurry inoculation with composted cotton seed husk inoculum (SS) one hour
before sowing; S5=seed slurry followed by supplementary inoculation with 10 mi/Plant of
the cell suspension beside the plants at 10 (SS + CS 10) or 6= at 10 + 20 (SS + CS 10 and
20 DAP), and 7= non-Inoculated grains as control.
Table (5): Amounts of soluble phosphorus -in the rhizosphere soil of
maize during different growth phase as affected by varying
the methods of inoculation with phosphate dissolving

bacteria.

Season 2002 Season 2003
'::‘;‘t'::g:{' Days after inoculation

15 30 45 60 90 15 30 45 60 90
1 13.35 | 13.51%[ 13.85" | 14.50° | 14.60" | 14.25 | 14.62* [ 14.91* | 16.21° | 15.61°

13.35 [ 13.68%| 13.91"[ 14.60° | 14.71° [ 14.25 [ 14.75° [ 15.16° | 16.36" | 15.73"
13.35 [ 13.51%| 14.21* [ 14.95" [ 15.21° | 14.25 [ 15.10°[ 15.52" [ 16.49" [ 16.11
13.35 [ 13.63% | 13.90%| 14.81% | 14.70" | 14.25 [ 14.75° [ 14.95" | 16.25% | 15.68"
13.35 | 13.817] 14.61°] 15.90°[ 15.60° | 14.25 | 15.61°| 15.93° [ 17.31° [ 16.53°

6 13.35 | 14.22° | 14.85° | 14.15" | 16.10° | 14.25 | 15.86" | 16.45" [ 17.82° | 17.15°
7 control | 13.35 [ 13.38" | 13.61" | 14.10° [ 13.81%| 14.25 [ 14.51" [ 14.76* | 15.82° [ 15.31"

* Values within a column followed by the same letter are not significant at the
0.05 level.1=ceil suspension one hour before sowing (SI); 2= Inoculation the soil beside
the plants with 10 mUplant with cell suspension (CS) at 10 or 3= at 10 + 20 days after
planting (DAP); 4=grain siurry Inoculation with composted cotton seed husk inocufum
(SS) one hour before sowing; S=grainsiurry followed by supplementary inoculation with
10 mi/Plant of the cell suspension beside the plants at 10 (SS + CS 10) or 6= at 10 + 20
(SS + CS 10 and 20 DAP), and 7= non-inoculated grains as control.
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phosphate and inoculation with phosphate dissolving bacteria increased dry

-matter, grain yield, N and P-uptake by maize as compared to those received
rock phosphate alone without inoculation control. Inoculation also gave
highest counts of phosphate dissolving bacteria in the rhizosphere zone of
maize and enhanced the amounts of soluble phosphate in the rhizosphere
soil of maize. Inoculation of maize seed (slurry) followed by supplementary
inoculation of the cell suspension beside the plants at 10 and 20 days after
planting recorded the best results as compared to other inoculation
treatments. In addition, the laborator studies of soil-rock phosphate reactions
have shown that the poor effectiveness of the rock phosphate is primarily due
to limited dissolution of this fertilizer ((Gilkes and Bolland, 1992).

The present study show that application of rock phosphate and
inoculation with efficient phosphate dissolving bacteria seed slurry plus
supplemental suspension inoculation produced more amount of soluble
phosphorus in the soil as compared to rock phosphate alone without
inoculation, which leads to the conclusion that, the post emergence cell
suspension inoculation with phosphate dissolving bacteria may be necessary
particularly when rock phosphate use as phosphorus fertilizer.

REFERENCES

Alagawadi, R. A. and C. Gaur (1988). Interaction between Azospirillum
brasilense and phosphate solubilizing bacteria and their influence on
yield and nutrition uptake of sorghum. Zentralbl. Microbiol., 143: 637-
643.

Alexander, M. (1977). Introduction to Soil Microbiology, 2™ ed., Wiley
Eastern Ltd, New Delhi, Bangalor, Bombay and Calcutta.

Bunt, J. S. and A. D. Rovira (1955). Microbiological studies of sub-antarctic
soils. J. Soil Sci., 6: 19-128.

Datta, M.; S. Banik and S. Laskar (1992). Effect of inoculation of phosphate-
dissolving bacteria on rice (Oryza sativa) in acid soil. Indian J. of Agric.
Sci., 62: 482-485.

Dubey, S. K,; V. R. Blaasundarm, L. M. Pant; N. Jayasheel, B. R. Kawale and
B. M. Mishra (1997) Effect of phosphate-dissolving bacteria applied
with rock phosphate on nodulation and yield of rainfed soybean under
different agroclimatic conditions.J. of the Indian Society of Soil Sci., 45:
503-505.

El-Sersawy, M. M.; B. F. A. EI-Ghany; K. W. Khalil and S. Y. Awadalla (1997).
Interaction between organic manure mixtures, applied N-level and
biofertilization on calcareous soil properties and wheat production in
Wadi Sudr, South Sinai. Egypt. J. Soil Sci., 37: 367-397.

Farag, K. M. G. (1998). Biofertilization of Germineae as affected by N and P
fertilization. Ph. D. Thesis, Fac. of Agric. Mansoura Univ., Mansoura,

Egypt.

6882



J. Agric. Sci. Mansoura Univ., 28(11), November, 2003

Gilkes, R. J. and M. D. A. Bolland (1992). The Australian experience with
" rock phosphates: limitations and explanations. Malaysian Soc. of Soil
Sci.; Kuala Lumpur; Malaysia, workshop on phosphate sources for acid

soils in the humid tropics of Asia November 1992, pp. 177-205.

Gupta, R. D.; K. K. R. Bhardwaj; B. C. Marwah and B. R. Tripathi (1986).
Occurrence of phosphate dissolving bacteria in some soils of northwest
himalaya under varying biosequence and climatosequence. J. Indian
Soc. of Soil Sci., 34: 498-504.

Hammouda, F. M.; Faiza K. Abd El-Fattah and Dawlat M. N. Abadi (2001).
The potential improvement of some different biofertilizers on rice crop
and their residual effect on succeeding wheat crop. J. Agric. Sci,,
Mansoura Univ., 26: 1021-1030.

Hao, W.Y.; X. G. Lin; X. X. Gu and J. G. Niu (1991). Efficiency of VAM fungi
and the prospect of their practical application in some soils. Acta
Pedologica Sinica, 28: 129-131.

Hauka, F. I. A. (2000). Effec of using single and composite inoculation with
Azospirillium brasilense, Bacillus megaterium var. phosphaticum and
Glomus marcocarpus for improving growth of Zea mays. J. Agric. Sci.,
Mansoura Univ., 25: 2327-2338.

Hauka, F. . A.; M. M. A, El-Sawah and A. E. |. Selim (1996). Role of
phosphate and silicate-solubilizing bacteria in transformation of some
macro- and micro-nutrients and their associative effect with
Azotobacter on growth and nutrients uptake by plants. Proc. 7 Conf.
Agronomy, 9-10 Sept., 1996, 239-252.

Heggo, A. M. And F. N. Barakah (1993). Proto-cooperation effect of VA
microrrhizal fungi and phosphate dissolving bacteria on phosphatase
activity and nutrient uptake by maize (Zea mays) plants grown on
calcareous soils. Annals Agric. Sci. Ain Shams Univ., Cairo, 38: 71-77.

Hemandez, A. N.; A. Hemandez and M. Heydrich (1995). Selection of
rhizobacteria for use in maize cultivation. Cuitivos Tropicales, 16: 5-8.

Jackson, M. L. (1973). Soil chemical analysis. Prentice-Hall of India private
Ltd, New Delhi, 2™ Indian Rep.

Kotb, M. Th. A. (1998). Response of wheat to biofertilizer and inorganic N
and P levels. J. Agric. Sci., Mansoura Univ., 23: 4067-4078.

Krishanaraj, P. U. and T. K S. Gowda (1990). Occurrence of phosphate
solubilizing bacteria in the endorhizosphere of crop plants. Current
Sci., 59: 933-934.

Kundu, B. S. and A. C. Gaur (1980). Establishment of nitrogen-fixing and
phosphate-solubilizing bacteria in rhizosphere and their effect on yield
and uptake of wheat crop. Plant and Soil, 57: 223-230.

Laune, R. D.; C. N. Reddy and W. H. Patrik (1981).Effect of pH and redox
potential on concentration of dissolved nutrients in an estuarine
sediment. J. of Environ. Quality, 10 : 276 - 279.

Martinez, C. A.; |. Aleman; J. Ferran and V. Martinez (1990). Phosphate
dissolving microorganisms in the cuban red ferralitic and reddish brown
fersialitic soils. Agrokemid-es-talajtan, 39: 492-494.

6883



El-Mohandes, M. A. O. et al.

M, D R: U3 Tomar R A Shama and A, M. Gajput (1595),

Response of maize in chemicals and biofertilizers. Crop Kes:Histar, 9:
233-237.

Rajan, 8. 8. S.; R. L. Foxand W. M. H. Saunders (1991). influence of pH,
time and rate of application on phosphate rock dissolution and
availability to pastures. ll. Soil Chemical Studies. Fertilizer. Res., 28:
95-101.

Rokade, S. M. and P. L. Patrl (1992). Phosphate solubilizing microorganisms
- areview 1. J. of Maharashtra Agric. Univ., 17: 458-465.

Saber, M. S. M. And M. O. Kabesh (1990). Utilization of biofertilizers in field
crop production. Il. A. Comparison study on the effect of biofertilization
on sulphur application on yield and nutrient uptake by lentil plants.
Egypt. J. of Soil Sci., 30: 415-422,

Sattar, M. A. and A. C. Gaur (1989). Effect of vesicular-arbuscular
mycorrhiza and phosphate dissolving microorganisms on the yield and
phosphate uptake of lentil (Lens esculenta Moench). J. of Aric. Sci.,
22: 129-136.

Singh, H. P,; A. Singh and S. Singh (1995). Nodulation and growth of
soybeans as influenced by rock phosphate. Bradyrhizobium,
mycorrhiza and phosphate-dissolving microbes. Bhartiya Krishi
Anusandhan Patrika, 10: 117-124.

Steel, R. G. and J. H. Torrie (1980). Principles and procedures of statistics.
MC Graw-Hill Book Co., New York, PP. 196-200.

Taha, S. M,; S. A. Z. Mahmoud; A. H. El-Damaty and A. M. Abdel-Hafez
(1969). Activity of phosphate dissolving bacteria in Egyptian soil.
Plant and Soil, 31: 149.

Zaghloul, R. A.; M. H. Mostafa and A. A. Amer (1996). Influence of wheat
inoculation with mycorrhizal fungi, phosphate solubilizing bacteria and
Azospirillium on its growth and soil fertility. Annals of Agric. Sci,,
Moshtohor, 34: 611-626.

6884



J. Agric. Sci. Mansoura Univ., 28(11), November, 2003

A (g il ssheashl (o0 Wl gy 3,51 Jguaaal (5 giadl Gpnall
~ah,mgwswumu\@nmdﬂ

TS dave S (B g5~ paa Sada daaea oy sk - wwuumiw
PJ-G-\AM-\“A—

aa = 3 AW — AR dadls - Ao 50 s - wm,,m,m,..&“‘

- e = LA - LA daly - A5 50 48 - el 50 LaslangSaad pud
= Al 50 Cigad S e - Al g oluall g il Y1 gaa ~ L lan g sSaad) puid
. Jpa ~ B gal)

v

i ag Wy (5 IS Uiy Ol e s peanl el 5l g 3 Y Y
L o Ll s w¥ G Lelilog Apslad 5030 Ui gl Jaiul) gad U Cyad)
ik 7l 5l pladiud (B Ciagd 13 (A 50 Cidagind Al 4 el Slaadally Gy
daall i3S o Wl A 5,0 i) Gy SluadaS ) ghu pill Laadl Sy Sl
¢ O Y Guaal Cun gl kil jaie (e W) fiaag 3 Y) g Jgeanay
3 AN il dud Hal cay S
=) Ly pH Jald e L@ (b Ll ol s g Cilias gill 4pal Y el 3508 gl )
S 810 4 ) Ajad Caiy Ay ¢ bfjall jshusill paic 4T L 0 Cadlid) ey
copld e £Y),4 AT Jana il Sya ) ko il LY S Yo
W oy G pad Jseane Sy 3301 laad Gilad 33U (0 BgaS el o Jyeand =Y
ulJﬂw(_”Yuc\-muhuﬂWuWQmCyﬁa
il LoDad Gtaay il o cud G ) ghan il 343 Jana (B ol (5 b Cayls =Y
c D e Aol dny 500 2l e adall Aot )30 Ga g Yo 0V dmy ke ill
Voodag o0l ity g gine 3oy ) S8 Cun g Sl g ) sho gl O o saadl gAY (5 e ~t
G o Yo o Ve a0 LAY (Blagy dalld) o pall SIS 33 391 Gl gai 0 oy Yo
el 3D
g ) e D (5 fiaay ) e il Clapdag el O dlad WD il 5 0
W g ) Aiaie () shon gill 2000 IS (e J2e W) el o Jpeaad S -1
LEIRORt LR PLAIGY- & PUNEES JUUSRUITRCH RV I G F - JUREPYYS RRVS
o any Lagh Couallss o a9y Ve ha
o A gh gl LaS aly 5 Y i il Aygdal iy S0 3 VY S il (o -V
.@ﬂ@)&hﬂ)&iﬁ&‘&@ﬁJij
) AT ey 2ol 5500 Cllalaa (A gina ) o sil (5 fiaae B350 CHlS ~A
cAel M Oaam Yo o Ve day ) gk yill
Y o ATl g S Sl gil e pladiud o A D a3a (i3 Sl
i Ll 10 ualy 3y LD (B I ) ghangid (e Ale LS 2l (D (23 ) shea il
- N Jmadll 35 8 ey > OIS G Jis gl Sillaal





