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PHOSPHORUS AND THEIR EFFECT ON MAIZE PLANTS
GROWN IN CALCAREQUS SOIL
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ABSTRACT

A field exneriment was conducted in two seasons (2005 2nd 2006) on sandy
clay loam calcareous soil at Alexandria Governorate. Egypt to investigale the role of
phosphate dissolving bacteria (PDB), Aspergillus niger and Bacillus subtilis either
they apolied individuaily or mixed together as main treatments, 100 and 200 kg fed™
elemental sulphur as sub treatments, 6.5 or i3 kg P as sub sub treatments applied to
maize plant. Evaluauon of tested treatments was performed thrcugh some vield
paramelers, L.e. fresh and dry weight of shoots and roots. length of cobs (cm), 100
grain weight (g). dry weight of grains (ton fed™), dry weight of stover (ton fed ') and
harvest index were considered. Colonization, phosphatase activity, NPK % and some
soil properties after maize harvesting were also determined. Results revealed that
mixed noculation with 100 kg S and 13 kg P fed' gave the highast NPK % in maize
plants and in their grain and in their stover yieids. Phosphate dissolving bacteria and
Aspergillus niger as phosphate dissolvers were superior to B. sucilis but their
activities increased by combination to all of them. Low P rate increased its efficiency
bv microbial inoculation and S application but the recommended P 1ate ciiused a
significant icrease In its effect on all plant parameters. It could be concluded that a
substantizi amount of inorganic P fertilizer could be saved by inoculation, which 'n
turr minimizes the production costs. Generally, to obtain high quality and quantity of
maize yield under caicareous soil without harmful degradation of soil, it could be
recommended the use of mixed biofertilizer in combination with 100 kg S and 13 ki P
fed™.

Keywords: Calcarecus scil, Phosphate dissolving bacteria (POB), Aspergilus mger,
8. subinis. S and P application rates, Maize.

NTRODUCTION

Phosphorus 1s a major limiting factor for crop production 1n many
tropical and subtropical scils (Norman et al,, 1995). As a result or high iF)
fixation and for nutrient mining In traditional land use systems, phosphorus is
the most widely occurring nutrient deficiency in cereal systems around the
world. For this reason, crops are supplied with inorganic (P) feriilizers.
However, excess (P) added toc crops may cause envirornmenial and
zconoiTic problems (Withers et al,, 2001). Concepcion and Delgado (2005)
studied P forms by seaquential chemical fraction in soils typical of
Mediterranean areas. esiablishing correlations between P fractions anc scil
properties. The rato of the P fraction, which includes more labile P forms
(essentially adsorbed) ioc combine with non-orczaic P fractions was
negatively correlatec with soll pH and positively correlateo with the poriion of
combined Fe fractions related to poorly crystalline oxides. Phosphorus (F)
and potassium (K) as well as nitrogen (N) are the major nuirients, for plant
nutrition. In calcareous soils where pH is alkaline and CaCO, is dominated,
olants suffer low availability of P and K would cause more serious problems
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its yield components The plot area was 3.0m x3.5m (10.5m°). The 50|I had
received organic farmyard manure (FYM) at the rate of 10 m® fed'
Representative soil samples from the experimental field were collected from
the upper 30 cm layer to determine the physical and chemical soil properties
as described by Black et al. (1965). The resulis obtained are presented in

Table (1).

Table (1): Mechanical and some chemical properties of soil used Soil
Particle size distribution

Coarse sand % | Fine sand % |Silt % |Clay % Texture CaCO3%
20.79 43.12 20.67 {15.24 | Sandy clay loam 33.50

lI- Scil chemical analyses

EC | pH | CEC Cations {(m mol/L) Anions (m mol/L) Total | Avail. [Avail.

dsm™|1:2.5 {Cmole [Ca™ [Mg™ [Na' [ K [c0s” [HCO; [ I [so.m| N P K
kg % |ppm | ppm
soil

200 [815] 21.3 [6.70 408 [920]0.63] - 333 [721]107 [o04 | 107 [3550 |

Sulphur as elemental sulphur was added according the suggested
treatments, while, phosphorus as calcium superphosphate (6.5%P) was
added basically  during soil preparation before sowing according to the
planned design. Maize grains inoculated ar uninoculated with the bacterial
cell suspension that was previously prepared in the presence of 16% Arabic
gum as adhesive agent, air dried and then sowed. While for the uninoculated
treatments, seeds were similarly treated with the physiclogical solution
without bacterial cells. Ammenium nitrate (33%N) and potassium sulphate
(41.5 % K) were added at the rate of 60 kg N fed’ and 40 kg K fed”,
respectively, each in two equal split doses on 4™ and 18 July for all plots
and then irrigated every 15 days untit September 16" . Mature crop was
harvested on September 26" where yields of ears, gralns and stover were
recorded. Rhizosphere soil samples were taken in July, August and
September to determine the microbial counts, root volume of maize plants
(Giovannetti and Mosse, 1980) and some soil properties.

Microbial population in maize plant rhizosphere:

The dilution plate count technique was used for enumeration of the
microbial community maize rhizosphere plant. Total colony count was made
on Bunt and Rowra (1955) meodified soil extract agar medium and then
incubated at 30°C for 7 days. Total phosphate dissolving bacteria was
determined on modified Bunt and Rovira (Abd El-Hafez, 1966) agar medium.
B. subtilis count in soil samples was done using King's medium (King et al_,
1954). Soit phosphatase activity was determined according to Tabtabai and
Bremner (1969). All counts were related to dry weight of soil samples at 105
‘C. The NPK contents were determined according to Chapman and Pratt
(1961).

Obtained results were statistically analyzed foliowing Snedecor and
Cochran (1976). All data presented tables and figures are a mean value of
two successive seasons of 2005 and 2006.
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RESULTS AND DISCUSSION

Microbia! counts in sandy clay loam soil cortaining high amount of
CaCQC; are very low. The cultivation of these soils stimulates the propagation of
bacteria and fungi (Azazy et al.,, 1988). The microbial determination of soil used
showed low densities of total colony counts, PDB and 8. subtilis counts (at the
begging) before inoculation (initial counts), which recorded 40 x 10, 35 x 10° and
4.0 x 10°, respectively, maize grains were inoculated by soaking in liguid culture
with either sole or combined inoculum of PDB, (10° cells mI'' approximately) and
A. niger, B. subtilis (10° cells mi" approximateiy). It could be seen from Figure (1)
that mixed incculation with PDB, A. niger and B. subtilis recorded the highest
number of total count bacteria after 30 days from scwing (in July) with So Po
and S,P.{7.97 log count) then decreasad gradually after 80 & 90 reached to {69
& 5.7 log counts} and (6.19 & 8.05 log counts) respectively.
After 60 days in August the highest log count was recorded to PDB
inoculation (8,00} with S,Po followed by SoP, (7.97) and S,P: (7.95) then
decreased again at 99 day in September to reach (7.3, 6.98 and 6.95),
respectively. It is of worth to notice that the totai bacterial count remained
higher in the inoculated treatments than the corresponding uninoculated
ones till the end of the experiment. These results agreed with Falik and Okon
(1996}, Scliman et al. (2003) and Hanna et al. {2005) who reported that PDB
as biofertilizer for cereal crops increased F availability to the cultivated
plants.

As indicated in Figure {2} there is a pronounced increase in total
PDB counts with SoP; inoculated either with PDB and A. niger (6.1, 7.6 &
7.4) in July. August and September, respectively, or with mixed inoculation
(6.08, 5.6 & 4.6) in July, August and September, respectively. However, (Po)
had recorded the fowest values of FDB counts in all treatments, this was
probably due to low level of P, which plays an important role in the activation
of the indigenous cor induced the soii microorganisms. In case of B. subtilis
inoculation, phosphate dissoiving bacteria count was higher in July with
SoPo and S,Pe than those recorded by PDB inoculation. Also, it was noticed
that the uninoculated treatment recorded high number of PDB than the mixed
inoculation with P2, Py, which recorded (4.92, 4.88 and 4.8) for uninoculated
SoF; against (4.81, 4.7, 3.7) for mixed inoculation and (5.1, 3.88, 4.6), (4.84,
4.5, 3.5) for S,F;, respectively.
Figure (3) indicate that mixed inoculation increased the B. subtilis counts
than those in the other individual inoculaled treatments. Mixed inoculation
gave higher numbers being 7.65 in August with S:F, and 7.58 with S.P,
compared to B. subtilis inoculation only that recorded 8.21 and 6.0 with the
same treatments and time. While, 8. subtilis inoculation recorded higher
values due to S,Po treatment than the other treatments {5.89, 7.0 and 5.9) in
July, August and September, respectively against (572, 5.18 and 5.56),
{5.15, 6.85 and 5.78) for mixed and PDB inoculations, respectively, at same
time and treatment.
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The final counts of all estimated microorganism groups were still higher than
those of initial in all inoculated treatments over those belong to the
uninaculated ones. However, the use of biofertilizer either mixed together or
individually in addition of half dose of inorganic P 8.5 kg fed'(P,) combined
with the organic FYM, which enhanced the growth of meost important
microorganism groups in maize rhizosphere plants and in the presence of
sutphur, which causes the decreasing in soil pH and hence plays a role in the
availability of macro and micro nutrients in soil. These resuits are similar to
those obtained by Misra {2003) and Sequera and Ramirez (2003). The
nositive effect of PDB combined with A. niger as phosphate dissolvers and
acid producers on counts of different microbial populations may be referred
to the improvement in conditions of the maize rhizosphere plants especially
in presence of high amount of CaCQ; and pH 8.5 in such soil. Results are
also in harmony with those obtained by Abdaliha et al., (1984). The
simulative in micrcbial population may be due to the association effect of
POB, A. niger and B. subtilis either as mixed or singte inoculation in maize
rhizasphere plants (Mahmoud, 2000).

FPhosphatases are considered key enzymes in the phosphorus cycling in soil
(Dick and Tabatabai, 1984). Variation in phosphatase activity apart from
indicating changes in the quantity and quality of soil phosphate substrates
{(Rao and Tarafdar, 1992). Table (2} illustrales the changes with time of
phosphatase activities as affected by inoculation and application of S and P,
However, the highest activities values of phosphatase in soil were recorded
by PDB and A. niger combined with full dose of  (P;) 494 pmol P in July and
increased during the growth season to reach 1375 and 1450 pymol in August
and September, respectively, followed by Bacilius inoculation attained with
full dose of F than mixed and uninoculated treatments.

Table (2): Changes with time of phosphatase activities # mote P g'h” in
calcareous soils as affected by sulphur, phosphorus and
biofertilizer and maize cultivation.

Suiphur (5} So S S,
Phosphorus (P) Po [ P | P, Po | P, | P, Po [ P, | P
Microbial inocutation (M}
PDB & A. higer
July 250 386 479 247 400 457 299 396 494
August 1010 [ 1250 [ 1360 | 1101 | 1237 | 1372 11025 {1240 | 1375
September 860 | 1301 | 1450 | 791 1310 | 1400 | B10 {1211 | 1440
B. subtilis
July 214 | 348 | 344 | 208 | 383 | 301 206 | 339 | 392
August 401 | 740 | 919 | 420 | 739 | 899 [ 416 | 760 | 302
September 302 591 701 301 [ 580 715 jclele] 5B5 870
xed inoculation
July 179 | 260 | 266 | 196 | 272 | 297 190 | 290 | 288
August 470 | 687 | 708 | 479 | 650 | 712 | 465 | 688 | 717
September 201 510 802 200 510 809 199 516 800
Uninocutated
July 113 248 270 118 240 148 118 263 163
August 398 501 780 3o 499 781 311 510 s
September 300 261 401 110 270 400 120 268 389

So, $1, 5, are 0. 100 and 200 kg S fed
Po, Py, P, are 0,6.5 and 13 ky P fed”
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The present results show that phosphatase activity in maize rhizosphere
plants was enhanced concurrent with the growth of plants and these results
are in harmony with Geoerge et al. (2002) who noted that phosphatase activity
in maize rhizosphere plants was increased due to the inoculation with the
agroforesty bacterial species.

Data in Table {3) indicate that the heaviest fresh and dry shoots due
to the application of biofertilizers combined with different rates of applied S
and P. The values were {116.09, 75.24 & 55.25) for fresh weight of shoots for
Baciflus, mixed inoculation and PDB and A. niger, respectively, in July
against 87.9 for uninoculated attained with SoP, at the same time, then
increased to reach (451.27, 435.05 and 451.27) in August for the same
treatments against (245.9) for uninoculated treatment, while the values of dry
weight of shoots were (24.41, 14.71 & 11.44) for the same treatments in July
against 19.14 for uninoculated , then increased to reach (101.79,
109.07&76.07) in August and 151.92 for uninoculated. These results were in
agreement with Mahfouz (2003) who demonstrated that inoculating the
plants with biofertilizers resuited in the heaviest fresh and dry weights of
them. It is clearly noticed here that uninoculated plants recorded higher fresh
and dry weights than those given by the plants inoculated with PDB in some
cases. This may be due to the presence of recommended dose of P, which is
essential macronutrient for plant, and may be also reffered to maize cultivars
which use P more efficiently. Ei-Kherbawy et al. (2007) demonstrated that
the magnitude of response to F fertilization varied markedly among varieties,

Results recorded in Table (3) reveal that fresh and dry weights of
roots had the same trend of shoots. The highest values of fresh weight
recorded were (18.33, 17.98, 17.8 & 13.14) for Bacillus So P; mixed
inoculation So P,, uninoculated S,P; & PDB 3,P,), respectively, in July, while
the lowest values were (7.78, 7.21, 6.41& 5,12} for fresh weight of root of
PDB So P, Bacilius $.Po, mixed inocuiation So Pe & uninoculated S¢P,,
respectively, and (1.69, 1.49, 1.43& 1.47) of the same abovementioned
treatments.

Data in Table (4) find out that, inoculating the plant with Bacillus
combined with inorganic P (S,P.) gave the highest root volume mean values
(15.3, 44.0, 95.0 mlI™} in both tested seasons due to July, August and .
September, respectively, in the absence of sulpher followed by PDB (13.0,
40.0 & 55.3) than mixed inoculation, which recorded its high values of root
volume at the end of growing season in September as follows {84.3, 79.7
and 75.0} for $,P,. SoP; and S,P;, respectively.
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Table (3): Effect of Sulphur, phosphorus and biofertilizer on fresh and dry weight of shoot and root of maize
cultivated in calcareous soil

Bulphur (S] S0 - 5, S,
Pa | TP | P, Po | P, Po P, P,
Phosphorus (P) sh 1 sh [+ 'sh 1 [ sh [ [sh [r sh [r [ sh [+ lsh[r [sh [
Microbisl inoculalion (M) N o a - Fresh weight )
b-PDE & A. niger 1 - I
July 4524 (@25 1aas59 (778 ba167 iy 7580862 1891 315525 {4 1a) 4949 11049 15320 Ny aafauee 947 1 474 1162
August 265 74 {37 61913 23 )40.39 1277 i j61 16 058 77 [37.18 [268.75 152 53 |3 11 49 |40 66 [a90 96 47 80 [291.20] 291 [216 90 [26 06
Seglemher 07 24.47 22 87 16 56 25 02 47 87 48,13 18 49 22 21
Ib-B. sublilis ] I -
July 374 leas lsponigsstiteoafisan|2iaz {721 o200 [s7s [ee 25 hazajzrzaz (915 ] 523 (119614549 li1.55
August 3950 26 |98 77 fag | 7 [3g0s [451 €7 |71 54 |276 36 |49 55 1208.24 |59 65 ) 255.3 |26.99 }407.83 [57.44 286,04 {32 98 187 67 | 14.6
September 1851 r—g 39.1 90 97 4522 454 14 57 238 45 96 52 92
-Mixed inoculation :
duly 2229 |641|3079 |663 | 590z [17.98)| 5434 |1084| 4674 |10.08] 70.24 [14 17 66.15 [1660| 40,75 {1061 [ 51 65 f11.98
August 074 4 (40-891248.42 U1, 17 |38 69 S8 47 )270 78 (47 92 1261.55 |20 08 {405.05 |55 67 192,07 24,45 [419 88 |44.43 1188 07 |57 32
September 47 00 20 56 1869 559/ 4z a4 47 .04 43,97 52 14 1979
(. weptember = 4 b ) 1 . . L]
-Uninoculated 1 —1
July G060 [1083)5122 (9568 1 479 [16.78[ 4485 [ 129 | 9754 [532 [7a22 [1700]9724 | 761 582 |8a9 [61.84 |1363
Augusl S60 46 1018812767859 00 | 245 9 {3063 126391 [ 30.8 1300.28 541.91 1160 78 [21.15 (257 35 {54 04 |34 33 {50 40 {227 50 [26.72
September 28 76 1774 24 42 28 T4 30 92 20 40 48,64 19.89 20.93
e oeplember ) i S " W D
O I b - Dry weight
b-POBY A, nigar
July 1G4 1722 W06t J1ad | 861 1240 659 1177 [ 1083 |267 11074 231 {1144 [270 [1037 | 217 [ 1023 | 225
August 44 57 610 {2887 PRS0 5472 17 15] 7836 [9.06 {4352 30 40[ 661G (968 [ 7607 |1101]3519 (456 5908 |41
Soplambaer [ 1876 15.29 V3 36 6 .87 28 98 20,15 1402 15.01
Ih-B. subltills A R S B - 5
July 803 |216] 983 [195 |2441 [oB88 [ 547 [149 ] 807 [168 | taun 202|526 {205 {27 {222 1283 |248
August vaps [1C25|ns2 1722 v ys|2616 | 5403 (146116495 (1147|5426 [605 |sa.as (155075316 [ase [2873 Li06
Seplember 1433 1761 50 42 28,06 24.93 3032 1850 3397 40,20
- Mixed Inocuiation
Ju|v 6gg (148 [ 645 11564 [ 1159 [224 (1075 |240 ] 849 [19t | 1471 [ 288 (1351 {315 ] 903 |211 | 956 |210
August 75.35 T34 | 4018 | 655 [92.16 1867 55.85 {14.23|65.30 [8.22 [109.07 1289 44.59 1045} 63.75 [10.11 ] 78.31 1242
Seplember I el 14.56 50 50 26 19 26 92 37 50 133 05 43,28 13.69
i-Uninaculated
July t1.18 f222 {1047 f .78 [19.44 |254 | 964 247 | 846 147 | 1605 |285 ] 680 171 [ 1047 | 190 | 1187 J2az
August 4806 819 |78.93 [15.94 | 5182 {911 [ 86.28 [8.27 6433 |921 | 4463 |4.29 [81.93 [13.49|79.08 |1200 5661 [660
Y fzzoe 16.20 19.07 23 45 15 40 1419 8 83 IOBQl 12 48
Seplember e E

S0, S, §; are 0. 100 and 200 kg 5 fed '
Po, P, P.are 0, 6.5and 13 kg P ted'
Sh= sheol

r= foot
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Table (4): Effect of Sulphur, phosphorus and biofertilizer on root
volume (ml’) of maize cuitivated in calcareous soil

Sulphur {S} 1 So S 5,
Phosphorus (P} T Po | P ] P | Po I P | P | Po | P | Py
Microbial inoculation (M} | .
PDB & A. niger I :
July 87 80 10.7 8.0 130 | 11.7 {110 93 97
August 187 1260 [ 400 [ 23.0 | 35C | 287 | 283 120 | 137
September 553 1420 | 445 | 44.3 } 477 | 653 | 550 | 48.3 | 80.C
B. subtilis .
July 107 { 10.0 i 153 8.3 7.3 12.7 83 11.7 117
August 237 | 227 | 440 | 28.7 | 29.3 19.0 1343 19.7 1 16.0
September 283 [443 [5850 | 39.5 | 567 | 53.7 {403 [ 557 {587
xed inoculation
July 7.3 7.0 7.0 11.3 8.7 9.3 12,7 97 10.0
August 16.0 | 18.3 [ 307 | 23.3 187 | 360 (200 ) 240 | 388
September 623 | 413 | 797 1710 1843 | 750 [ 547 | 68.3 [ 42.3
Uninoculated
July 100 | 7.3 12.0 7.0 6.7 11.3 8.7 9.7 9.7
August 197 | 385 | 195 1187 {190 | 215 [ 283 | 347 | 147
September 60,0 | 457 | 520 | 43.0 {48.7 [ 450 1603 [ 393 [ 453

So, Sy, 5, are 0. 100 and 200 kg S fed '
Po, Py, P; are0,6.5and 13 kg Pfed’

Bacillus subtifis recorded the lowest values of root volume in the absence of
P in July (6.3 ml®) with S,Po (28.3 ml® 0 with SoPo in September. However,
the inoculation of the plants with biofertilizers in presence or absence of
different doses of nitrogen and phosphorus chemicat fertilizers increased the
root volume compared to uninoculated plants. These resulis are in harmony
with Badran et al. {2002&2003) who indicated that inoculation of anise plants
with biofertilizers either in the presence or absence of inorganic N & P
fertilizers increased significantly the number of branches compared to the
uninoculated ohes. ’

The eftect of S, P and biofertilizers on some yield components of
maize cultivaled in calcareous soil are illustrated in Table {5). Results
showed that gradual increases in different parameters were observed when
different levels of P were applied. Increasing P,Os levels, lead to significant
increase in values of the tesied maize parameters. Owing to the interaction
between levels of P:0: and bacterial inoculation, results aiso indicated that
full dose of P (P,) in combination with mixed inoculation recorded (21.9, 23.5,
21.0 cm) with So, 54,S,, respectively, for cobs lengths followed by PDB and
A_niger (21.8, 23.0, 19.5 cm) with the same treatmentls of sulpher.

One hudared-grain weight (g} as an indicator for grain filling had the
same trend of cobs length and recorded (37.6, 39.2, 39.9 g) for mixed
inoculation followed by (34.8, 36.3. 39.8 g) for PDB & A. niger. It was noticed
that unincculated maize piants had recorded higher values than those
cbtained due to B. subtifis inoculation either in absence of Sy or with haf
dose {S;). Results also showed that PDB & A. niger as phosphate dissolvers
or the mixed incculation increased 100-grain weight significantly, Mixed
inoculation was superior o PDB &.A. niger alone. Data are confirmed by the
work of Mukherijee and Bagde (2004} on rice.
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Table (5): Effect of Sulphur, phosphorus and biofertilizer on some yield components of maize cultivated in
calcareous soil

Sulphur (S) Sa S S,
Phasphorus (P) Po [ P | P Po | P [ P Po | P [ P
Microbial inoculation {M) Length of cobs (cm)
PDB & A. niger 200 210 21.8 20.7 21.5 23.0 16.0 195 195
8. sublilis 18.0 18.7 207 20.8 207 22.7 i7.4 17.8 18.0
Mixed inoculation . 195 203 219 22.5 22.2 235 180 19.8 210
K-Uninoculated 18.3 185 20.2 20.5 20.3 218 17.2 17.5 15.2
100-grain weight (g}
a-PDB & A. niger 352 347 34.8 38.0 36.1 36.3 37.7 389 398
b-B. subtilis 30.4 327 33.0 336 36.2 36.6 7.6 38.9 40.9
c-Mixed inoculation 36.5 381 376 379 38.4 38.2 39.4 40.5 39.9
kI-tninoculated 335 33.7 33.6 341 344 38.4 34.3 36.9 38.4
Dry weight of grains (ton fed™)

-PDB 270 2.76 2.81 2.96 3.18 3.38 2.56 3.04 327
b-B. subtilis : 228 263 2.80 2.40 3.10 32 243 2.93 3.06
c-Mixed inoculation 2.81 3.01 287 334 352 383 3.08 3.1 3.29
d-Uninoculated 2.21 2585 272 2.40 2.58 273 244 2.73 2.84

Dry welght of staver(lon fed™)
a-PDB& A. niger 3.93 4.12 4.41 4.90 530 580 3.87 4.07 431
\h-8B. subtilis 357 365 4.11 4.23 474 540 350 4.00 4.05
-Mixed inoculation 5.01 538 562 6.00 668 7.80 4.04 5.00 541
d-Uninoculated 3.39 372 3.88 410 4.34 4.97 318 3.396 3.52
Harvest index of maize ]
=2-POB& A. niger 40.71 40.11 3897 3768 | 37.49 36.86 39.78 4273 43.11
b-B. subtilis 39.02 41.95 40.32 36.24 39.53 a7.27 41.00 42 .34 43.18
c-Mixed inoculation 35.85 3585 3389 | 3521 3454 | 3290 43.25 38.35 as.25
d-Uninoculated 39.43 40.64 41.22 | 3650 | 3694 | 3551 43.33 44.80 44.66
l..5.D. at 0.05 levels
M 3 P MxS MxP SxP M x SxP
1-Length of cobs (cm) 0.84 0.75 0.59 n.s n.s ns n.s
2- 10 grain weight (g} 1.18 1.36 093 ns n.s n.s n.s
3- dry weight of grains ton (.15 0.10 0.10 0.21 0.20 017 0.34
fed™” 0.09 0.08 0.08 0.18 0.15 0.13 0.26
M- dry weight of slraw ton - 056 0.47 112 084 0.81 1.36
fed” -
5- harvest index

V'V BIpEN IV
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These results are similar to those obtained by Shah et al. (2001) who
reported that P application and bacterial inoculation affect yieid of soybean
through their effects on phosphorus use efficiency. Abo El-Naga et al. (2005)
reported that the highest amount of mung bean seeds and straw yields were
obtained by B. megatherium inocuiation in the presence of K fertilizer at 48
kg fed”. Also, Mohamed and Abbas (2005) used different nitrogen sources
under P-biofertilizer and microelements and they recorded 7 &12% and 42 &
31.8% increases in faba bean seed and straw yields during both tested
successive seasons, respectively.

Harvest index (the percentage of grains to hole plant} as shown in

Table (5) reveal that PDB either singly or mixed with B. subtilis {mixed
inoculation) encouraged shoot growth more than grains where the
percentage of grains was reduced significantly in that two treatments than
that of uninoculated plants. Sulpher showed an irreguiar trends 100 kg S
(8,), since it increased the harvest index significantly than that of So.
It was also narrowed significantly by adding S; than both So and S, The
opposite was true in case of P application; the highest harvest index was
obtained the use of S, combined with either P, or P, without inoculation,
while the lowest one was of that received S,P> and mixed inoculation. The
current resuits are similar to those of El-Maddah et al. (2005) on wheat. The
highest yield of grains and stover resuited from the mixed inoculation §,P,.
The lowest values of grain yield attained due to the treatment, which didn't
receive any addition.

At the end of the growing season, samples of grains and straw were

analyzed for their content of N, P and K%. Table (8) show that mixed
inoculation followed by B. subtilis inoculation resulted in higher quantities of
stover N gained at the end of life cycle of maize, which recorded 0.85 to
0.89% for mixed and from 0.83 to 0.88% for B. subtilis over the uninoculated
from 0.81% to 0.86%, while the PDB and A. niger inoculation recorded less
values than the other types of inoculation except for the case of the absence
of P either with S,or S; dose of sulphur. Nitrogen content of grains had the
same lrend and recorded {1.18-1.26) for mixed inoculation and from 1.11 to
1.17% for B.subtilis. Also, PDB & A.niger had more N content in grains than
B. subtilis in the absence of P. These results are in full agreement, with El-
Shahawi (1995); Scliman et al. (2003) and Mansour et al. (2006) who
suggested thal in wheat cultivation all inoculated treatments showed
significant increases in both grain and straw yields compared to uninoculated
treatments irrespective of inorganic N fertilizer levels.
Data in Table (6) also revealed that biofertilizer inoculation increased greatiy
the N&K contents in maize grain and stover with corresponding highest
percentages of P due to the use of mixed inoculation that recorded from 0.37
to 0.40% and from .28 to 0.36 for grain & stover, respectively, followed by
PDB and A. niger inoculation.

Consequently, the highest K percentages of {0.79-0.86) and (0.98 to
1.07) in respective to both grain & stover had followed same trend as in P%
in response to same treatment.
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Table (6): Effect of Sulphur, phosphorus and biofertilizer on N, P, and K in grain

calcareous soil

and stover of maize cultivated in

Sulphur (S) So S S
Po P, . P, Fo Py P. Po P P,
Phosphorus (P) Grain | Sto- |Grain | Sto- |Grain | Sto- |Grain{Slo- |Grain | Slo- |Grain | Sto- |Grain | Sto- |Grain | Sto- |Grain {Sto-
) ) ver ver ver ver ver ver ver ver | ver
Microbial inoculation (M) ) : Total nitrogen (N%) )
PDB & A. niger 114 (0B2:1.13 |0B3| 113 (€82 122 (091116 |086] 1.14 (0.85|1.22 {092 | 117 (088} 1.18 |0.86
B. subtilis 1.16 (C.8411.17 |0B3 ([ 1.16 (083 | +.t1 |0.85]1.13 (086 1.12 |085| 1.17 {086 1.15 |0.86| 117 |0.88
Mixed inoculation 118 (0851 1.21 |085| 1.20 |C.84 ] 1.20 |088 | 1.22 (087123 |087 | 1.22 |0.88]1.25 |0B9 | 1.26 [0.89
d-Unincculated 1.02 10817117 (0831115 (083|108 |085| 112 [0B3{1.18 [0.84{ 113 |082 | 1.11 [0.85( 1.20 |0.86
Total phospharus (P%)
POB & A. niger 0.36 (0321036 1032|037 [032]|038 |033}037 [0.32{0.37 [0.32{0.38 |0.33|0.39 [0.34] 035 |0.37
B. sublilis 036 |0.26] 037 ;029035 [032[035 (032} 037 (0.30(0.35 [0.31]036 |0.32| 0.36 [0.32 | 0.40 |0.38
[Mixed inoculation 037 1028{0.37 1030037 [031]|037 |0.31]0.38 1031|039 (0.32| 038 |0.31|0.40 (033033 |0.36
-Uninoculated 034 10221036 (0221037 (0281034 310257036 10291035 10.29]035 1027 }0.38 10.30)035 (031
Total potassium (K%
FDB & A. niger 073 [103{070 {1.02]{068 103|081 (104|076 1.02| 075 (1.06| 082 }1.04 078 |1.09| 076 |1.12
B. sublilis 074 j098 (074 |[1.031075 (102|075 1041076 |1.04 | 075 1106 | 0.76 [1.03| 076 {1.05]0G.78 |1.10
Mixed inoculation €81 1098|080 101|079 |1.02] 081 {1.031083 |1.04 | 082 [1.03[ 084 {105 086 (106|086 |1.07
d-Uninoculated 071 1083|073 |099[073 1099072 {0.90]|073 |1.02][0.74 [1.03}0.74 1093|075 |1.03 | 076 [1.06

Se, 51, Sy are 0. 100 and 200 kg S fed”
Po, P,, P, are 0, 6.5 and 13 kg - P fed”
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Uninoculated treatments had the lowest content of N, P and K% in grain and
stover. These results are in harmony with Rashad et al. (2001} who reparted
that A. chroococcum, B. megatherium and B. cerculanse may produce
growth promoting substances such as auxins and stimulating the microbial
development, which is reflected on the piant nutrient uptake. Also, Farid
(2003) added that Azorhizobia and many bacteria strains act as plant growth
promoting rhizobateria and improve macronutrients (N, P and K) and water
uptake. Shady et al. (2007) suggested that faba bean inoculation with
bicfertilizer increased greatly the N, P & K contents in grain and straw and its
effect was highly significant. Soil microerganisms have encrmous potential in
providing soil phosphates for plant growth. Phosphorus biofertilizers
increased the availability of accumulated phosphates for plant growth by
solubilization (Gyaneshwar et al.,, 1998}. In addition, the microorganisms
involved in P solubilization as well as better scavening of soluble P can
enhanced plant growth by increasing the efficiency of biological nitrogen
fixation, enhancing the availability of other trace elements and by production
of plant growth promoting substances (Gyaneshwar et al.,1998).

Data presented in Table (7) showed that microbial inoculation hadn't
a marked effect on soil salinity. Sulpher application raised soil salinity by 0.64
and 1.05 dS/m upon increasing its rates to 100 and 200 kg fed”,
respectively, as compared with plots. which didn't receive S. The increases in
salinity were negiigible, where 0.25 dS/m only was the increase due to
adding 13kg P fed”. Sameni and Kasraian {2004} concluded from their work
on calcarecus soils that EC values were well accorded with applications of
suiphur.

Soluble anions were free of carbonates. The dominant anion was
suiphate followed by chioride. Bicarbonates were the least in the current
findings are in agreement with those obtained by Kalocsal et al. (2003).

Divalent Ca® and Mg® were generally higher than monovatents
soluble ones i.e. (Na™ and K%). Calcium dominated Na” in the treatments,
which received sulphur. Potassium was found in soil solution regardless of
the soil treatments.

t could be seen from Table (8) that soil pH values reveal no
significant changes due to inoculation and /or P applicaticn rates, The
decrease occurred in soil pH values was more pronounced due to the
treatments which received sulphur at a rate of 200 kg S fed”' then those
which received sulphur at a rates of 100 kg S fed”. This emphasizes the
important role of sulphur addition in scil acidification due to sulphur oxidation
o sulphate. These resulis are in agreement with Marcano et al. (2003),
Kalocsal et al. (2003) and Sameni and Kasraian (2004} who applied
elemental S to calcareous soils at raies higher than those used in the curreni
work each other,

The concentrations of available P and K content in soil after crop
harvesting also shown in Table (8). Microbial inoculation resulted in
significant increases in available P and K than uninoculaied freatments. The
decreasing order in case of available K was mixed inoculation > PDB & A.
.nmiger > B. subtilis > uninoculated differences among them. Wan and Wong
(2004) used PDB and found a significant increase in available P and
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attributed that to the decrease of pH to 8.5 and El-Maddah et al. (2005) who
explained that P-availability increased due to the effect of PDB.

Sulphur application at a rate of 100 or 200 kg fed’ increased
available P and K significantly. These results are in agreement with Sequera
and Ramirez (2003} and Sharma (2003) who found a decrease in pH by
adding S that increased available P in scil. Also the higher rate of P {P;)
increased available P in soil over the lower rate {Pyand Po) with significant
difference between each other. The highest value of available P was
obtained by the treatment which received mixed inoculation combined with
S,P;. The highest for available K was given by PDB & A. niger combined with
S, respectively. The lowest values of them were obtained from uninoculated
treatments and didn't received S or P in case of available F and uninoculated
treatments combined with P, in case of K. Rasal et al. (2004) used Sordaria
fumicola and A. terrcus spp. as phosphate solubilizing and sulphur oxidizing
fungi and obtained increase in P availability EL-Shahawi (1995) and
Solaiman et al. (2003) applied used PDB and A. niger inocutation and
reported that there were increases in available K in calcareous soils.
Generally, it can be concluded that using bicfertilizers play an important roie
in solubilizing phosphorus, releasing K and fix atmosteric nitrogen in addition
to consume dose of inorganic N and P fertilizers. Sulphur inoculated with
PDB and A. niger is more efficient than gypsum in the displacement of
sodium and other cations from the soil complex to leaching solution as
indicated by Stamford et al. {2002). A substantial amount of inorganic P
fertilizer could be saved by inoculation, which in turn minimizes the
production costs. Generally to obtain high quality and quantity of maize yield
under such calcareous soil without harmful degradation of soil, it could be
recommended the use of mixed biofertilizer in adjacent with 100 kg S fed”
and 13 kg P fed”' in maize production.
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Table (7). Effect of Sulphur, phosphorus and biofertilizer on EC, SP, Soluble anions and cations in studied sail after
maize growth season

picroblai ~ | Sulphur | Phosph - EC SP T Soluble anlons (meg/) Soluble catlons (meg/i)
knoculation (M} | rus *--—i CO;- JHCO; T € 50, { Ca™ | Mg™ ] Na®
procuslion (4 So Po 770 a0 - 763 6 | 8B4 | B20 [ 316 | 525 | 642
171 40 . 238 | 673 | 799 | 687 | 429 | 521 | 073
5 205 39 - 233 | 853 | 947 {832 | 418 | 7.80 | 0.55
& 764 39 - 275 1032 | 1305 [T068 | 568 | 896 | 060
S 2.47 38 . 283 (1005 {1207 | 1032 | 508 | 883 | 074
ket 3.35 39 - 250 11302 | 1844 {1553 | 693 | 1098 | 052
) 307 40 . 356 T11.24 [ 1703 [ 1345 | 563 11113 1 0%
i 335 39 - 250 [ 1303 {1844 [1553 | 693 | 1088 | 0.52
o ] 330 ) 40 B 275 11266 | 1773 | 1560 ) 566 | 1122 | 056
T TTT7ET 39T T [ 850 [ 770 | 785 | 685 |45 1623 062 |
1.95 39 - 233 } 75¢ | 988 | 831 ) 433 | 649 | 082
200 | 40 - 300 { B13 | 983 | 753 ) 451 | 846 | 046
239 T N 258 [966 [1173 | 598 | 466 | 848 )
o 2 58 38 - 250 {1161 | 289 | 1120 | 619 | 893 | 069
S 2 31 39 - 250 f 910 | 1154 | 925 | 540 | 800 { 0.49
& 315 38 —T 52 T 1068 1902 1714 535 1068 |1
@ 301 38 250 ;1155 | 1607 {1318 | 603 | 1020 | 071
I 293 39 _ {188 [11.16 | 1669 | 1248 | 550 [11.25 | 050
- oS08 38 - T67 | B2d [ 001 1837 [ 421 | BO% | 050
& 28 39 - 275 | 911 | 1029 | 900 § 372 | 879 | 064
5 | 225 39 - 250 | 9589 {1074 | 995 | 406 | 897 | 085
B 277 33 - 2.08 1283 1291 [1237 | 303 7078 | 064 |
s 280 38 - 242 [ 1096 | 1287 | 1087 [ 398 |1117 : o073
I 2.68 39 - 288 | 117 [ 1305 11183 | 479 | 983 | 065
K 288 - 225 1140 | 1635 [ 1400 | 412 (1047 041
B 303 39 . 250 L1294 t1518 {1as53 b a7z Vivz b oses
= 327 39 - 283 11333 | 686 1480 | 588 | 1181 | 075
187 [ 3% : 567 872 [ 753 | 685 1 330 | 732 1050
186 38 - 242 | 809 | 835 | 680 | 350 | B03 | G50
248 4 | - 250 (1093 | 1182 {1oao | 470 | g0z | 078
i A T 58 Tl 27 U781 11330 [ 930 | 498 86 T o7
G 240 39 - 2 58 H.81 t2 97 115 5147 8.06 0.60
3 308 39 - | 280 |1261 11574 | 1281 | 555 | 1200 | 047 |
] 17745 L2 I 267 [ EAZ [1552 | 1052 7530 1831 | 047
I5 285 40 - 250 [ 1093 | 1180 {1080 | 487 | s02 | a77
g 336 [ 40 ) - | 234 } 1252 ;1882 | 1398 | 680 ;1245 | 052

2002 ‘1oquaaoN “(11) 2 “Alun einosuey 1a§ oubY T
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Tabte (8): Effect of Sulphur, phosphorus and biofertilizer on soil available P and K and pH values after maize

harvesting

Sulphur (8) So Sy S5

Fhaospherus (P) Po [ P [P Po_ | P ) Po | Py [P

pdicrobial inoculation () 1- Available P (ppm)

d-  PDB & A. niger 8.0 12.8 13.8 12.3 14.7 19.3 16.2 18.3 21.2
B. subtilis 10.56 13.56 17.3 11.8 15.5 20.4 14.7 19.3 21.3
Mixed inoculation 11.0 12.3 14.8 12.2 15.0 20.3 16.3 155 22.3

d-Uninoculated 8.1 10.7 12.3 8.8 11.6 13.4 10.3 11.8 14.0

’ : 2- Available K (ppm)

la-PDB & A. niger 3 350 356 454 393 318 425 374 260

\b-B. subtilis ez 359 245 353 307 315 451 264 251

c-Mixed inoculation 417 354 430 386 356 389 381 417 407

K-Uninoculated 280 223 220 312 276 283 406 237 225

3- pH values
-PDB & A. niger 805 810 8.07 7.88 7.91 7.86 7.63 7.68 7.68

b-8. subtilis 8.14 806 813 79 792 7.89 7.67 773 7.83

c-Mixed inoculation 8.07 8 01 B.08 7.84 7.82 7.86 776 777 7.73

d-Uninoculated 8.09 8.06 6.04 7.91 7.90 7.88 789 773 775

I..5.0. at 0.05 jevels

M S P Mx8 MxP SxP M x SxP

1-Available (F) 080 | 035 | c42 0.70 0.84 0.73 1.45

P- Available (K) 17.05 | B.47 5.39 16.94 10.78 9.34 18.67

3- pH values n.s 0.04 ns 0.08 0.07 0.06 0.12

Vv ‘elpeN iy



J. Agric. Sci. Mansoura Univ., 32 (11}, November, 2007

REFERENCES

Abdallah, A. R., T. H. El-Dahtery; A. A. Abdel El-Moneim and M. S, A, Safwat

(1984). LCffect of inoculation with Bacillus megatherium ar
phosphaticum and root nodules bacteria on rhizosphere microflora and
yield of some legumincus plants. Minia J. Agric. Res. Dvelop.. 6:521-
538.

Abdel-Hafez, A. M. (1966). Some studies on acid producing microorganisims
in soil rhizosphere with special reference to phosphate dissalvers,
Ph.D. Thesis, Fac. Agric. Ain Shams Univ., Cairo, Egypt.

Abo El-Naga, M. H. M., &. El-Abbas and W. I. A Saber (2005). Effect of
some mechanical sowing methods, Baciflus megatherium inoculation
and potassium fertilizer rates on the productivily of mung bean crop.
Zagazig J. Agric. Res,, 32:1727-1742,

Arshad, M. and W._ 1. Frankenberger (1998). Plant growth regulating
substances in the rhizosphere. Microbiul production and functions.
Adv. Agron. 82 46-51,

Azazy, M. A Saber, M. 5. M. and Boutros, N. B. {1988). The use of
biofertilizers and conditions in citrus nurseries in relation to microflora
cantributing to soil fertility. Egypt. J. Microbiol, 23: 389-402,

Badran, F. 5., F. A, Attia and H. &, Soliman (2002). Effect of combining
phosphorene with superphosphate and rock phosphate on seed and ol
productivity of Nigella sativa L plants. Proc. of 2" inter. Conf. Hont.
Sei. 10-12 Sept. 2002. Kafr EI-Sheikh Tanta Univ. £gypt.

Badran, F. 5. F. A Attia. E. T. Ahmed and H. S. Sabry (2003). Effest of
chemical and biclogicat fertilization on growth, vield and oil production
of anise (FPimpinefla anisum L} 11- Effect of NP mineral/biofertilization
and micronutrient treaiments. First Egyptian Syrian Conference,
El-Minia University & Al-Baath University on Agricullure & Food In the
Arab World, 8-11 December, 2003, El-Minia Univ | Egypt.

Black, C A, D D Eins J. J. White, L. E. Ensminger and F. E. Clark (1985},
we‘gh:ds of Soil Analysis. Amer. Soc. Agren. Inc., Madison, Wisconsin,

Bunt, J. S and A D. Rovira (1955). Microbiclogical studies of some
subantaretic soiis. J. Soil Sci,, 6:119-128, .

Chapman, H. D, ard P, F. Pratt (1961). Methods of Analysis for Soil, Plants
and Waters. Univ. Clif. Division of Agric. Science.

Chen, G. J. and C. - Chao (2003). Effect of adding acidifying mateniais to

~ lower goil pH on the behaviors of P in calcareous soils. Taiwanese. J.
Agric. Chem. &Food Sci |, 41:113-123,

Concepcion. $. and A, Delgado (2008). Phosphorus fractions and release
pattarns in typical Mediterranean soils. Soil Sci. Soc. Amr. J., 88 507-
618,

Dick, W, A ard M. A, Tabatabi (1984). Kinetic parameters of phosphatases
in soils and organic waste materials. Soil Sai, 137: 715 )

El-Kherbawy, M. | Y. A Abdel-Aal, Atiat A, B, All and M.AM. £l-Galiad
(2007). Phosphorus use efficiency by wheat planis. Egypt J. Appl. Sci.,
22: 855 - 685,

Ei-Maddah, E. 1., M. D. El-Sodany and E. A. Koreish {2008). Effect of
Azotobacter chroococcum and phesphate sclubilizing bacteria on
wheat growtn. productivity and nutrient availability. 4 Agric. Sci.
Mansoura Univ., 20 2895-2908.

9445



Ali Nadia, A A.

£l-Shahawi, A M. B {1935} A study on the soil integrated baclerial
fertilization. M.3¢. Thesis. Fac. Agne. Dept. Microbiol. El-Mansoura
Uiniversity.

Falik, E. and Y. Ckon (1998). The response of maize (Zea mays) to
Azospiriflum inoculation in various types of soils in the field. Wortd J. of
Microbiol. and Biotech., 12: 511-515.

Farid, 8. F. B. {2003). Studies on Bio-organic fertilization of wheat under
newly reclaimed soils. Ph D. Thesis. Fac.of Agric., Cairo Univ., Egypt.

Giovannetti, M. and B. Mosse {1980). An evaluation of techniques for
measuring mycorrhizai infection in roots. New Phytol. 84: 488 — 500,

Goerge, T. 8., P. J. Greogry, M. Wocd. Read, . and A G. Buresh {2002},
Phosphatase activity and organic acids in the rhizosphere of potential
agroforesiry species and maize. Soil Boil, & Biochem.. 34 1487-149¢

Gyaneshwar, P & Naresh Kumar and L. J. Parekh (1598}, Effsct of
buffering on the phosphate solubilizing ability of microorganisms.
World J. Microbicl. Biotech., 14: 869-673.

Hanna Mona. M., 3. M. A, Kabeel and Darwesh, Fayza M. A (2005). Effect
of crganiz and biofertilizers on growth, yield and fruit quality of
cucumber { Cuctimis sativua L.} grown under polyethylene low tunnals
J. Agric. Sci., Mansoura Univ . 30 2827-2841

Kaiocsal, B T Foldes, R. Schmidt and |. Szakal (2003). E£ffect of elemenial
suiphur application and fertilization on the pH and SO, ° content of soil
in an incubation experiment. Agrokemia es Talajtan. 52, 121-132
{c.i. Soil and Fertl., 2004, 67 Abs1.1473).

Khavazi, K., H Besharatl, F. Nourgholipour and M. J. Malakouti (2003).
Effect of Thiobaciius bacteria on increasing phosphorus avaiiabity
from phosphate rock ior corn grown on the calcareous soils of lran.
Proceedings of Internalional Meeting, Kuata Lumpur. Malysia, 15-
20Ju|y. 2001, 280-284.

King, £.0., M. K. Ward and D, E. Rancy (1954). Two simple media for the
demonst ation of phyocyanm and flourescein. J. Lab. Clin. Med

4:301-307

Lazarcvsts. G. and S. Norwak {19497). Rhizobacteria for improvement of ptan
growth anct establishmeni. Hort, Sci., 32:188-182.

Mahfouz, S A8 {2003). Effect of biofertilization on growth and oil production
of marjoram {Majorana hortensis Moench.} plant. Ph.0). Thesis. Fac.
Agric.. Cairo. University.

Mahmoud, M. K. M, {2000). Studies on biclogical nitrogen fixation in
Sesbama, M.Sc. Thesis, Microbiol, Fac. Agric. Mansoura Unpw
Mansoura, Egypt.

Mansour, 8. M, Nadia A, AL Al W I A Saber and Kh. M. Ghanemn (200683,
Irmprovement of growth yvield and ool colonization of wheat cultivaisd
in galt alfected soil inoculated by Azotobacter and Azospiriffum wih
mineral mitrogencus fertilizer. J. Agnc. Sci. Mansoura Univ, 31: 2297-
5311.

Marcano, C.A L. ). C. Hodnguez and M. Mohammed {2003}, The effect of
slementary sulphur on the pH o and solubility of some nutrents in
phosphocwos" interciencia, 28: 504-511.

Misra, S, K. (2003} Effzct of sulphur and potassium on yield, nutrient uptake
and quality characteristics mycorrhizal and nonmycorrhizai of mustard
in Vdic Hapii tepts of Kanour. J. Ind, Soc. Soil Sei., 51; 544-548,

Mohamed, M. B and Ei-El-Abbas (2005). Responsa of three faba bean
cultivars  {(Vica ‘”*a L) to different nitrogen sources under P-
bicfertilizer and micronutrients addition. J. Agric. Sci. Mansoura Univ

)
by
o

9446



J. Agric. Sci. Mansoura Univ., 32 (11}, Novembert, 2007

Mukherijee-Bhattachrya, R. and U. S. Bagde (2004). New
biofertilizer:Fusants of Azotobacter vineladii and Pseudomonas putida
on growth and yield of rice plants. J. Interacademicia, 8 146-154,

Norman, M., C. Rearsonand and P. Searle (1935). The Ecology of Tropical
Food Crops. Cambridge University Press, Cambridge, London.

Olayinka, A. and V. Ailenubhi (2003). Microbial respiration, maize {Zea mays
L.) growth and nitrogen uptake as affected by cow dung and
ammonium sulphate applications, Nigerian J. Soil Res., 4:16-24,

Rao, A. V. and J. C. Tarafder (1992). Seasonal changes in available
phosphorus and different enzyme activities in arid soils. Ann.. Arid
Zones. 31:185-189.

Rasal, P. H. B. B. Sangale and K. B. Pawar (2004). Effects of phesphate
solubilizing and sulphur oxidizing microorganisms on yield and
phosphorus uptake of soybean. J. of Maharashta Agric. Univ., 29: 51-
53

Rashad, M. H. ; A. A. Ragab and S. M. Salem (2001). The influence of some
Bradyrhizobfum and Rhizobium strains as plant growth promotin
rhizobacteria on the growth and vield of sorghum (Sorghum bicolor L.
plants under drought stress. Plant Nutrition-Food Security and
Sustainability of Agro.5.

Rashad, Nahed M.M. (2002). Effect of fertilization on the growth and
storability of some aromatic plants, M.Sc. Thesis, Fac. Agric., Kafr El-
Sheikh, Tanta University.

Robles, C. and Berea, J. M. (2004}. Response of plant and soil to Glomus
intraradices and rhizobacteria inoculation of maize under intensive
cultivation. Terra, 22: 59-69.

Sameni, A, M. and A, Kasraian (2004). Effect of agriculturai sulphur on
characteristics of differeni calcareous soils from dry regions of Iran. 1-
Disintegration rate of agricultural suiphur and its effect on chemical
properties of the soil. Comm.. In Soil Sci. and Plant Analysis. 35. 1219-
1234,

Sequera, O. and R. Ramirez (2003). Phosphours, calcium and sulphur
availability from acid rock phosphate with sulphuric acid and
ammonium thiosulphate. interciencia, 28: 604-610,

Shady, T. 8. M., W. I. A  Saber, S. M. Mansour and Nadia A. A. Ali (2007).
Enhancement of nodulation, growth and yield of faba bean inocula with
Rhizobium and pectinases, cellulases and chitinases producing
Pseudormonas sp. Egypt. J. Appt. Sci., 22: 105 - 124,

Shah, P., K. M. Kakar and K. Zado (2001). Phosphorus use efficiency of
soybean as affected by phosphorus application and incculation. In
{(W.J.Horst. Eds.). Plant Nutrition— Food gecurity and Sustainability of
Agroecosystems. Pp 670-671.

Sharma, S. N. (2003}, Effect of phosphate solubililysing bacteria on the
etficiency of Musscorie rock phosphate in rice-wheat cropping system.
ind. J. Agric. Sci., 73: 478-481.

Singh, J., Deshmukh, M. S. and N. R. Tandulkar (2004). Direct and residual
effects of sulphur in cotton-wheat cropping system in sandy loam saoil.
Fertilizer News. 49: 61- 63. ‘

Snedscor, G. W. and W. G. Cochran {1976). Statisticat Methods 6™ Ed. lowa
State Univ, Press,, Amr., lowa. USA

Soliman, B. M., Nadia A. A, Ali and S. M. Ahmed (2003). Response of
balady orange trees productivity and some microbial activity to

. biofertilizer in reclaimed soil. Eleventh Conf. of Microbiol., Cairo. Egypt.
Oct.12-14, pp.108-122.

9447



Ali Nadia, A.A.

Stamford, N. P., A. J. N, Silva, A. D. S. Freitas and J. T. Araujofilho (2002).
Effect of sulphur inoculated with Thiobacillus on soii salinity and growth
of tropical tree legumes. Bioresource Technol., 8%: 53-59,

Tabatabai, M. A. and J. M. Bremner (1969). Use of p- -nitrophenyl phosphate
for assay of sacil phosphatase activity. Sail Biol. Biochem., 1: 301-307.

Wan, J. H. C. and M. H. Wonlcz;J {2004). Effects of earthworms actlvny and P-
solubilizing bacteria on P availability in soil. J. Plant Nutrition and Soil
Sei., 167: 205-212.

Withers, P.J. A, A. C. Edwards and R. H. Foy {2001}. Phosphorus cycling in
UK agriculture and implication for phospharus loss from soil. Soil Use
and Management. 17: 139-149.

A B sl 3 il e sl tusdlly Cu Sl s paall anih Al
A guall gl W

2o e sl se Al

Eigoadd) S e AL g oLl g el W1 g agaa — Aol Sl Lashp g oSaall Gigan and
e =B jadl —aae )

J_u,PDBq_a_u UL U I P PPN PG | P& Jmsimﬂ\,_.\ﬂﬁi -
Tl 4 pall Ayt a2 Bacillus subltilis LSy Aspergilius niger s sdla i
4_1.'\.\_*“:‘_| _Mu}l}\é_:"diuu_’—l_"iﬂlﬂmjlﬂ_)ﬂurdl: s o ,_aLalL_‘d.._,ouJ;.l ]
TR I QU ENYSA LY «1‘ J}—m—uﬁ ol i il peaiall 2 80
‘)_delmib_}:.ﬂi._d-nha;-m—lﬂ_, A ERE: e 3 —!u-)'\-_)—l&-dﬁblyl 3 gaaa
dae ! \.J..Sj_)_,s.u.}s.ﬂ-t_x._ml _ij_)s..\aﬂ;&! REPLR VIR BERUPISCEPILINE - RV T I V)
Dl Ll Al 8 il a3l B Wl DLyl B, subtifis wly Saal 3
_}_,AJSJML;IU‘LLE)i IAJ\E_MDMI_JM s u...i:l..a.ﬂ;.a Q-_\.z.:,IJJJ':J_r_.._,.Jl
BEE A ad @l J kel -Lu)_..aa.aj‘ Gildeall | ax g ._/3_.:._“ R T ._-d_,_,).a.;ﬂ ).a.a..aj'l
J__Aﬂj‘_lj_n..l JN P KQAJSJ-\.:JJA.\MY _).x_.mul.é wﬂj!j-_.l_,.l;.‘ 1_,Ji‘d«a\--
coleand! g Ao /AA.‘M__;A.:!_..IML}A:_:JJ_C.J

Sl "LJLLA-‘ A_IJJ&\A.H MMMW slae ¥l saly ) ele Jeaniall =303 ,.ﬂ_,.,uls} B
il ey Aadbal olabeall o Aald iyl g 34 s 5ol jg@ﬁ,wl

2leandl J.n._L:.d:..ﬁ ~ &l

sl S ah pH mia W ey 80 diial b Laby AdhSal hataally 4y il Aagla }L“J -
LH)"‘“"‘"‘\ ;}.L..Ll).ui J.ai.\)‘\.:).\.lhf.u.n.ll }L.ﬂla_bjbgﬁ ..AJJJS.\‘ -P)_H‘:J_)S.m.\ C..\S_n.'ll .

d_“ |_£/;;S\Y _].\;m.. _)J&.u}ﬂ‘} UL.!/;;;_.\-- J..A.A.. \.L.J.LL M‘L..a\'b.la;!;“ ﬂ.li.'ﬁ” s LaS -
sAh&,anJ}m\j_‘Lm‘;“Mhdybuml\;i;th}m’J%}i]lj\)&}_ﬁ.ﬁ.‘l‘L_)Amk;&i
3 A

9448





