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ABSTRACT

The interaction between phosphate-dissolving bacteria and Zea rmays 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 amount 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 cell suspension was more active than its
application as cell suspension to the grains cne hour before sowing. © and N content
in maize plants and their grain were increased significantly with the treatments of
grain siurry plus supplementary inoculation of cell suspension at 10 or at 10 and 20
days afler 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-conlent in the planl during the two seasons. Resulls also showed
maximum counls of phosphate dissolving bacteria in rhizosphere soil of maize after
60 days from sowing in all trealment, which gradually increased up to 60 days,
thereafler decreased. The inoculation of maize plants with phosphate dissclving
bacteria increased the amount of soluble phosphorus in the rhizasphere soil of maize
compared to the non-inoculated scil. The increase of phosphorus contenl 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
inocutation 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 fo 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 it is a core of the metabolic pathways of the living organisms. With the
steadily increasing phosphorus and nitrogen fertilizers prices and the
pollution 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 cheap source tor chemical fertilizers (Hernandez et &!.,
1895; Hauka et al, 1996; Farag, 1998; Kotb, 1998 Hauka, 2000 and
Hammouda e! af., 2001).

The population of phosphate-solubilizing bacteria was higher in some
soil herizones. The popuiation mostly conistiiuted 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 €%, 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 af,,
1995). Also, application of bicfertilizers to soil improved the microbial counts
of Azolobacler, Azospirliium and phosphate-dissolving bacteria in
rhizosphere of plants (El-Sersawy sf af., 1997). Thus, there have been many
successful attempts to improve maize yield and its grains supplemented by
using mixtures of nitrogen-fixing bacteria and mycorrhiza {Hao et al., 1991
and Hauka, 2000). Maize plants growth and nufrienf 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).
Furthermere, the beneficial influence of phosphate-solubglizing bacteria on
survival of nitrogen-fixing bacteria in the rhizosphere has been observed.
Other results have been recorded after inoculation of sorghum with
Azospiriflium and phosphate-dissolving bacterta (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 soll amended with rock phosphate.

MATERIALS AND METHODS

Microorganisms:

Twenty bacterial isolates of Bacillus megaterum 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 c¢ontaining 90 mi 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 (1373). The most efficient isolate was
selecled to be used as phosphate dissolving bacterial inoculum,
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Preparation of inocula:

The selected phosphate dissolving bacteria was grown in nutrient
broth medium (Oxoid Manuai, 1965) for five days (giving 10° cells/mi), and
either impregnated into a sterile finely ground composted cotton and husk as
a camer to agive 10° cells / ¢, or applied directly as a cell suspension
contzining 10° cells/ml. The following inoculation treatments were tested:
grain inocuiation with cell suspension one hour before sowing (Si);
inoculation the soil beside the plants with 10 mifplant with cell suspension
(CS} at 10 or at 10 + 20 days after planting {DAP); grain siurry inoculation
with composted coften seed husk inoculum (SS) one hour before sowing;
seed slurry followed by supplementary inoculation with 10 ml/Plant of the cell
suspension beside the plantsat10 {88+ C510)crat10+20(88+CS 10
and 20 BAP), and non-inoculated seeds as controi.

Field experiments:

The present work was carfied 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%,
CaCQ, 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 iater thinned .to two plants per hole.

Recommended dose of nitrogen fertilizer {120 Kg/ed) as reported by
Ministry of Agricuiture 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;0;) was added at a rate of 100 Kg/fed one
week before sowing. Al agricultural practices of growing maize were
conducted as usual.

At harvest the three inner rows were selected for determining dry
matter of straw (Kgifed), grain yield (ardabifed), and P and N content in stalks
and grain (Kaffed).

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

Statistical analysis:
All collecled data were subjected fo analyses of variance according
to the procedure ocutlined by Steel and Torrie {198Q).

Enumerating phosphate-dissolving bacteria in rhizosphere soil of
maize:

Samples of rhizosphere soil of maize were collected by mechanical
remecvai of the tightly adhering soil after shaking the roots together. Serial
ditution of rhizosphere soil were made under sterile conditions. Bunt and
Rovira medium (1955} modified by Taha ef af. (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 scluble P {ppm)in the
rhizosphere $0il were also measured,

RESULTS AND DISCUSSION

Results presented in Table (1) showed the reduction in pH values
and the increase of the soluble phogpherus in the media during the growth of
the tested phosphate-dissolving bacterial isclates (Bacilfus megaterium) in
liquid medium containing insoluble phosphate. It is known that the ability of
bacteria to dissolve the precipitated form of phosphorus, Caz(PQ,);, 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 tesited bacterial
isolates varied in their ability in bringing down the pH of the media and
consequently varied in their abiiity 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.

Isalate No. Soluble P {ppm} PH
4 115.8 510
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 7.40
8 48.6 6.80
9 315.3 4.20 ]
10 170.2 517 ]
11 130.0 5.62 ]
12 196.3 5.31
13 4156 415
l 14 I 161.4 5.60
I 15 [ 4219 3.85
16 | 312.7 5.10
17 ] 326.4 4.61
18 281.7 4.85
19 T 85.3 6.10
20 | 119.5 5.71
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The effect of inoculation melhods with Bacifus megaterium as
phosphate-disscivers incculant on dry weight (Kg/fed) and grain yield
{ardabifed) of maize i» presented in Table (2). The data clearly show that,
the split addition with phosphate dissalver 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 incculum
as cell suspansion 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 Kabesn, 1990, Datta ot al., 1992; Heggo & Barakah, 1923; Singh
ef af, 1995 and Dubey st af., 1997},

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

{ardab/fed) of maize. B
2002 season 2003 season
Inocuiation treatments Grain Grain
j B Statks | i Sta_lks vield
S - 2150° 17.8° 21507 18.2°
Cs 10 DAP j 2180° | 181" 2210° | 186 |
CS 10and 20 DAP 221 186° 2230° | 189"
55 _ 2155° 18.3° 2180° | 183"
S5+ CS 10DAP ] ] 2261° | 189" | 2280° | 16.2°
S5 + CS 10 and 20 DAP . 1T 2290 19.6° 2320° | 203
[Uningculated (Control) 21387 1 176 | 2956 | 17.8° |

Values within a column followed by the same Jetter are not significant at the 0.05 lavel.cell
suspension ona hour before sowing [81); inoculation the soif beside the plants with 14
mliplant with cell suspeansion (CS) at 14 or at 10 + 20 days after planting (DAP); seed
sturry inoculation with composted cotton seed husk inoculum (S5) one hour bafore
sowing; seed slurry followed by supplementary Inoculation with 10 mifPlant of the cell
suspension beside the plants at 10 (55 + CS 10} or at 10 + 20 (S + CS 10 and 27 DAP},
and non-inoculated seeds as control,

Data in Table (3} show that, the inoculated plants contained rmuch
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 inocutation of cell suspension at
10 or at 10 and 20 days after planting and thcse inoculated with cell
suspension at 10 and 2C days from planting. While the increase n P and N-
content resuited 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
twe seasons. Similar findings were also reported by Saber and Kabesh
{1990}, Datta ef al. (1992) and Heggo and Barakah (1993},
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Table {3): Effect of different inoculation methods by phosphate dissolvers on P
and N content in straw and grain {Kgffed) of maize plants.

r I 2002 season [ 2003 season i
. Inaculation treatments P_ N I P N !
I Straw!| Grain|Straw|Grain | Straw|Grain | Straw| Grain
Si 577 [ 07 1412717237 5.9* 1017 [41.3° | 72.57]

[CS 10 DAP 59° | 9.8° |41.6°]724° | 6.7° | 10.2° 415 (725 |

ICS 10 and 20 DAP 6.2 110.6°|41.7°|72.6°| 6.5° | 10.8°|42.0°[72.7°
58 587 | 9.8° (41.3°| 72.3°] 6.1° 11037143, 55175.6°
(35 + CS 10 DAP 163 [11.3°1422° 73.1‘” 6.7 [11.5° 4335 73.0°
S5+CS10and20DAP | 7.5° |11,7°143.7°[73.6° | 7.9° [12.1°]41.2° | 735°)
Uninaculated {Control) 54" | 92’ [40.4°171.5° | 56° | 9.8° [41.2°[ 724"

cell Suspension one hour before sewing (S1); inoculation the goil beside the piants with 10
miplant with cell suspension (CS) at 10 or at 10 + 20 days after planting {DAP); seed
slurry inoculation with composted cotton seed husk inccutum (5S) one hour before
sowing; seed slurry folowed by supplomentary inoculation with 10 miPlant of the ceil
suspension beside the plants at 10 (S5 + C5 10)orat 10 + 20 (S5 + C5 10 and 20 DAF),
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 gradually, reached
their maxima after 60 days from sowing in al! 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 soil of seed
siurry maize, which received supplemental cell suspension inoculum at 10
and 20 days after planting in both 2002 and 2003 seascns. The low numbers
of phosphate-dissolving bacteria were recorded in the rhizosphere of non
inoculated soil.  Zaghloul et ai. (1996) also found that, incculation of wheat
seeds with phosphate solubilizing bacteria gave the highest counts of
phosphate dissoivers in the soil. However, the phosphate dissolving bacteria
generatly oceur in abundance in the rhizosphere and non-rhizosphere area of
different ¢rops. They vary in the numbers according o the type of soil, soil
pH and the type of cultivated crop (Martinez et af., 1990 and Rokade and
Patri (1992). tn addition, Gupta &l ai. {(1986) reported that, organic carbon
content of the soil markedly influenced the numbers of phosphate dissolving
bacteria. Grass and forest lands had larger poputations than cultivated soils.
Data presented in Table (5) show the amount of soluble phosphorus in the
thizosphere soi! of maize during different growth phases as affected by
varying the methods of inocuiation with phosphate dissolving bacteria. The
results indicate that inoculation of maize with phosphate dissoiving bacteria
increased the amount of soluble phosphorus in the rhizosphere soil of maize
as compared to the nonincculated treatments. The increase was significant
with the treatments of seed slurry plus supplementary cell suspension at 10
and 20 days after planting, while other incculation 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 retated to the amount of that form of phosphate
present in the soil  The efficiency of bactenial strains in phosphate
solubilization varied greatly with the forry 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.

| . Seasgon 2062 ' Season 2003
'?r;'imgﬁ? - Days after inoculation T l_"'"_"_'_“"
15 | 30 | 45 1| 60 | 96 1 18 30 45 63 | ()
T | 542 | 631 | 685 | 7.95 | 715 | 560 | 645 | 7.30 7.53_|' 728 _.
2 561 | 635 [ 695 [[747 | 725 557|683 | 721 | 781 | 74l !
3 B3z | 871 | 796 | 765 | 743 | 650 | 691 | 745 | 7.83 | 750
3 545 [ 651 | 693 | 7o [ 7.20 | 550 | 660 | 745 77 73
5 857 1652 [ 784 [ 775751 [681 [ 741 |= 795 | 510 765
:_"‘ E 7707 7.50 i 7.93 l 8.21 II 775 | 7.35 1 785 | 815 | 863 7.60
T 531 | 8c i 8.75 If 7Ag [_fg E10 [ 613 | 7.21 | FEG 710

1=cell suspension one hour before sowing {S1);2= inoculation the soil beside the plants
with 10 miiplant with ¢ell suspension (CS) at 10 or 3=at 10 + 20 days after planting {DAP};
4=geed slurry inoculation with compested cotten seed husk inoculum {S§) ene hour
before sowing;, S5=seed slurry followed by supplementary inoculation with 10 mi/Ptant of
the cell suspension baslde the plants at 10 {58 + CS 10) or 6= at 1€ + 20 (S5 + €5 10 and
20 DAP), and 7= non-inoculated grains as control,

Table {§): 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, e
Inocutation Season 2002 i Season 2003 1
treatment Days after inocufation .

. 15 136 [ 45 1 60 ;[ of T 18 T 30 | 45 | 60 | &0
1 13735 | 13.517 | 13.85° 14.5o‘|' fa.60%] 1425 114.627) 14.9° ] 16.217 | 15617
| N .l,__.__,_l
2 '13.31113.68' 13997 [ 14607 14.717] 14.25 | 14767 | 15.18" 16.367) 15.73°
3 {1335 [1351% 14217 | 14.95°] 15.24° | 14.25 15.10° | 15.52° | 16.49° | 16.17°

4 1335 |1363° 13_90‘J_|14.31"L14.?0‘|'_14.25 14.75"_14.95'115.25‘i15.637*
5 1235 (13817 14.e1°|'15.90°’|15,sobh4,25 156111569371 17.31°| 16.53°
_"'___‘"___‘_b'J'_"_'_E b‘Jr'_ n't_ Ty ‘EJ_F

§ 13735 [ 14.22 1 14.85° | 14.15° [ 16.10%| 14235 [1586° [ 16.45° | 17.82° 147 15

[ 7control | 13,35 | 13.38° | 13.64°  14.10° | 13.81% | 1425 {1451 14.76° 1 1582 |_15.:Fj
-

* Values within a column followed by the same letter are not significant at the
0.05 level.1=cell suspension one hour before sowing (S1}; 2= inoculation the soit beside
the plants with 10 mblplant with cell suspension (CS} at 10 or 3= at 10 + 28 days after
planting (DAP); d=grain slurry inoculation with composted cotten seed husk incculum
{58} cne hour before sowing; S=grainslurry foliowed by supplementary inoculation with
1¢ miPlant of the cell suspension beside the plants at 10 {$5 + CS 10) or6= at 10+ 20
(55 + CS 10 and 20 DAP}, and 7= non-lnoculatad grains as control.
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Generally, the present study indicated that, addition of rock
phosphate and incculation 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 dissclving bacteria in the thizosphere zone of
maize and enhanced the amounts of soiuble 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 atter
planting recorded the best results as compared to other inoculation
treatments. [n addition, the laborator studies of sqil-rock phosphate reactions
have shown that the poor effectiveness of the rock phosphate is primarily due
{o limited dissolution of this fertilizer {(Gitkes and Bolland, 1982).

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 rack phosphate use as phosphorus fertilizer.
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