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ABSTRACT

Two field experiments were carried out during two winter seasons of
2002/2003 and 2003/2004 at El-Nubaria (highly calcareous soil) and El-Gemmeiza
Agricultural Research Station (Nile Delta soil), to evaluate two inocula to be used as
biofertilizers. These inocula are made of Azotobacter chroococcum and phosphate-
solubilizing bacteria (PSB). The inocula may be able to solubilize sources of inscluble
phesphate and improve the use of nitrogen in wheat fields under different rates of N
and P minerai fertilizers. Wheat growth, vield, N, P-uptake and soil N and P available
were recorded.

Wheat plant growth was promoted by bacteria combined with mineral
fertilizers. Wheat dry weight and plant height were significantly increased by the two
inacula in both locations. The nitrogen content and uptake were significantly increased
in wheat plants inoculated with Azotobacter chroococcum combined with mineral
nitrogen fertilizer with respect to the uninoculated plants in both sites. Similar trend
was observed for the phosphorus content and uptake in wheat plants inoculated with
PSB inoculum. Common treatment without bacterial inoculation gave very low N or P
contents and uptake in plants under low level of mineral fertilization treatments. Wheat
vield and yield components were also affected significantly by Azotobacter
chroococcum and for PSB inoculation combined with mineral fertilization with mspect
to the uninoculated plants in both sites. The grain yield of 2432 and 2670 kg fed.} \
recorded with 100 kg N fed.”, were statistically similar to 2379 and 2510 kg fed.
obtained from Azotobacter chroococcum treatment combined with 80 kg N fed." for
El-Nubaria and El-Gemmeiza, respectwely The grain yield of 2688 and 2595 kg fed.”
recorded with 30 kg P:0s fed.”, were statistically similar to 2678 and 2636 kg fed.”
obtained from PS8 treatment combined with 20 kg P:0s fed.” for the two sites,
respectively. The same trend was observed for biclogical and straw yield for both
inocula and the two locations. These results suggest that Azofobacler chroococcum
and PSB are able to fix and mobilize more N and P to the plants and improve plant
growth.

Keywords: Azotobacter chroococcum, phosphate solubilizing bacteria, wheat,
nutrient availability.

INTRODUCTION

Fertilizers applied to field crops basically include elements such as
nitrogen and phosphorus. Frequently, these nutrients are present within
agricultural soils, but are less available for plant without the presence’ of
microorganisms that are able to solubilize, mobilize and/or biologically fix
such elements. These microorganisms are a part of the soil native microfiora
and fall under the Pseudomonas, Enterobacter, Bacillus and Micrococcus
genera, among others. They have the ability to solubilize phosphates into
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assimilable compound (Fawaz et a/., 1980), allowing the plant to absorb such
nutrients. On the other hand, there are native free-moving bacteria
populations, such as the Azofobacter genus, which can produce growth
promoting substances that enhance the plant ability to grow.

Many soils throughout the world are P-deficient because the free
phosphorus concentration even in fertile soils is, generally, not higher than 10
¢M even at pH 6.5 where it is most soluble {Arnou, 1953). Soluble forms of P
fertilizers applied to the soil are easily precipitated as insoluble forms. This
often leads to an excess application of P fertilizer to cultivated land. This
unmanaged excess may be both an environmental and economic problem.
The positive interaction between plants and rhizosphere microorganisms can
improve plant nutrition, nitrogen fixation, plant tolerance to environmental
stresses and biologically control pathogens. These would reduce chemical
fertilizers and pesticides need. It is often assumed that enhancement of plant
growth after inoculation is a direct response to the introduced
microorganisms. Improvement in germination, plant growth or yield after soil
or seed inoculation have been attributed solely to N-fixation {Mishustin,
1970). There has been much interest in obtaining an effective nitrogen-fixing
system for non-ieguminous field crops such as wheat, barley and comn.

Phosphate solubilizing bacteria (PSB)} play a key role in the plant
metabolism and crop productivity. It had been reported to increase the
availability and uptake of native scil P in different crops by converting
insoluble phosphates in the soil to soluble forms by producing various organic
acids (Fawaz et al., 1980 and Kucey, 1987 and Raced, 1994).

Therefore, this work intends to evaluate two inocula to be used as
bio-fertilizers, which are made up of phosphate-solubilizing bacteria and
Azotobacter chroococcumn, and that may be able to solubilize sources of
insoluble phosphate and improve the efficiency of nitrogen in fields cultivated
with wheat ynder different rates of P and N mineral fertilizers.

MATERIALS AND METHODS

Two field experiments were conducted during two winter 2002/03 and
2003/04 seasons in two locations at EMNubaria and El-Gemmeiza
Agricultural Research Station Farms. The two selected locations varied in
total caicium carbonate percentage and organic matter contents. The soil
physical, chemical and fertility indices are presented in Table (1). The
experiments were arranged in a spiit plot design with three replications. The
main plots were for the mineral fertilization levels and the sub-plots were for
the inoculation treatments. The area of experimental plot was 5 m?, with 8
rows, 2.5 m long and 25 cm apart. Cultivar bread wheat (Tnt:cum vulgans L)
variety Gemmeza-7 was planted at the rate of 70 kg seeds fed.” during the
first week of December and harvested on the first week of May.

Experimental procedures
Azotobacter chroococcum experiment
- Obtaining iscolates
Free living N.-fixing bacteria, 32 Azofobacter isolates were separated
from rhizosphere samples of wheat plants grown in the Nubaria and
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Gemmeiza Agricultural Research Stations (16 for each). Isolates were
purified and identified as Azotobacter chroococcum according to the
classification of Bergey (Holt and Krieg, 1984). The abilities of these isolates
to fix nitrogen were tested by modified Kjeldahl method after Chapman and
Pratt (1961). The highest isolate activity No. 8 was used for Azotobacter
chroococcum for Nubaria and No. 11 for Ei-Gemmeiza. Pure cultures were
prePared just before seed inoculation to reach the final density of 10° cells

Table {1): Main soil characteristics of El-Nubaria and El-Gemmeiza
Agricultural Research Station Farms.

[ ___Soil depth (cm) El-Nubaria | El-Gemmeiza
Soil characteristic 0-20 20-40 0-20 20-40
Soil pH, 1:2.5 (suspensaon) 8.26 B.24 7.92 7.88
Soil EC,dS m™! 1.92 1.98 1.16 1.25
Soluble cations {meq I'')

Ca™ 6.92 713 2.91 3.12
Mg™ 1.87 2.1 3.21 3.29
Na* 7.59 6.62 511 5.76
K* 2.82 394 0.37 0.33
Soluble anions {meq 1)
COy” - - - - !
HCOy 4.86 3497 3.36 347
cr 10.14 11.28 5.81 6.12
SO, 4.20 4.55 2.43 291
Sand, % 55.91 59.53 19.28 12.16
Silt, % 2482 21.26 43.38 41.71
Clay, % 19.27 21.21 37.34 39.13
_|Soil texture . _ . SL_ i 8SCL | siCL SiCL
CaCOy, % 2262 25.31 327 3.18
oM, % 043 027 2.21 1.67
Av. N, ppm 37.91 28.41 48.72 32.16
Av. P, ppm 418 294 9.37 7.19
Av. K, ppm 227 168 368 357

SL. = Sandy loam. SCL = Sandy clay [oam. SiCL = Silty clay loam.

- Mineral nitrogen fertilizer application and rates

Mineral nitrogen fertilizer in the form of ammonium nitrate (33.5% N},
was added at three equal doses, at plantlng, tilering and heading stages at
the rates of zero, 60, 80 and 100 kg N fed.”. Phosphorus fertilizer in the form
of m0no-superphosphate (15.5% P,0s) was added at land preparation at the
rate of 30 kg P,0s fed.” Potassnum sulphate (48% K,0) fertilizer was added
at the rate of 48 kg KZO fed ! with the second dose of N fertilizer.

Phosphate solubmzlng bacteria (PSB) experiment
- Obtaining isolates

Bacterial strains of Pseudomonas sp., Arthrobacter sp. and
Rhizobium meliloti were used for the experiment Glycerin-peptone-agar
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medium was used for isolation of bacteriat strains (Hirte, 1961). For isolation
of rhizosphere bacteria, 1 g of wheat roots was washed, macerated and
shacked with 10 ml sterile water. The resulting suspensions were evaluated
for colony forming units (cfu) according to the dilution-plate method in
glycerine-peptone-agar medium. After incubation for 7 days at 28°C. The
reisolated strains were identified. The identification of strains relied on
standard biochemical and physiological tests according to the classification of
Bergey (Holt and Krieg, 1984). Gram stain, morphology, spore formation,
motility and gas production from glucose were determined according to
methods for LAB described by Gerhardt (1981).

tnoculation of wheat seeds was run by immersing in appropriate
bacterial suspension for 3 h, then drying before using in plantation. This cell
suspension containing a mixture of PSB of the genera Fseudomonas,
Arthrobacter and Rhizobium which was used as a bio-fertilizer.

- Mineral phosphorus fertilizer application and rates

Mineral phosphorus fertilizer in the form of mono- superphosphate
(15.5% P,0s) at the rates of zero, 10, 20 and 30 kg P,0s fed.”" was added at
land preparation. Nitrogen fertilizer in the form of ammonium nitrate {33.5%
N} was added at three equal doses; at planting, tillering and heading stages
at the rate of 100 kg N fed.” Potassmm sulphate (48% K,0O) fertilizer was
added at the rate of 48 kg KZO fed.” with the second dose of N fertilizer.

Sampling and analytical procedure

Composite initial soil samples were obtained at 30 cm depth. Also,
sail and plant samples for the three replications were collected from all
treatments at harvest time. Total yield for each plot was determined for grain
and straw and related to kg fed.*. Soil samples were air-dried, ground, sieved
. through 2 mm sieve and analyzed for available nitrogen and phosphorus
{Chapman and Pratt, 1961). Fresh plant material was washed, weighted and
dried at 85°C for 48 h. Wet ashing by concentrated sulphuric acid and H,0;
(FAQ, 1980) was used to determine total N and P content and calculate their
uptake.

The collected data were statistically analyzed according to
procedures outlined by Snedecor and Cochran (1981) using Costat Software
{1985).

RESULTS AND DISCUSSION

Initial state analysis of the two experimental site sciis (Table 1)
indicate that the soil surface layers have a light texture of sandy loam to
sandy clay loam with high content of total CaCQOs (from 22 to 25%, for El-
Nubaria site and silty clay loam with low content of total CaCO; (about 3%)
for El-Gemmeiza site. Soil pH values are around basnmty for the two sites.
Total soluble salts content was about 2 and 1.2 dS m™ #r El-Nubaria and Ei-
Gemmeiza sites, respectively. The available NPK and organic matter content
are low and moderate for El-Nubaria and El-Gemmeiza stes, respectively,
accordingly, the two soils under consideration are deficient in t=rtifity status.
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Response of wheat plants to Azotobacter chroococcum inoculation
- Plant growth and biomass

Data presented in Tables (2 and 3} show that the inoculation and
nitrogen mineral fertilization resuited in several increases in wheat dry weight
and plant height in the two sites. The magnitude of increases depended on
the incculation and fertilizer rates. Concerning the inoculation, the increase
percentages in dry weight and plant height were 4.67 and 2% at El-Nubaria
site and 7.75 and 4% at El-Gemmeiza site, respectively. Also, the fertilization
under inoculation and uninoculation treatments significantly increased the
same above mentioned tested variables. Increasing rates of nitrogen fertilizer
significantly and progressively increased the dry weight and plant height, the
maximurm values (21.65 g/10 plants and 90.29 cm plant™) were recorded with
incculation in combination with the third rate of mineral fertilizer (100 kg N
fed.”), with increment rates of 5 and 2.3% over the control (uninocuiated
plants), respectively at El-Nubaria site. The dry matter and plant height were
increased with increasing N fertilizer level from Ng to N; by 5.0, 4.3, 4.2 and
49% and by 1.3, 1.9, 2.5 and 2.3%, respectively as affected by inoculation
(Table 2). it could be seen that both dry matter weight and plant height
tended to increase by higher increment rate in El-Gemmeiza site than El-
Nubaria site as affected with inoculation andfor N fertilizer level. The
increment rates over the control were 20.5, 4.0, 2.4 and 7.3% for dry matter
and 1.0, 4.8, 3.0 and 7.4% for plant height with increasing N fertilizer levels
from Ng to Na, respectively. The obtained resuits revealed that mineral
fertilizers appiied to wheat field basically include elements such as nitrogen,
phosphorus and potassium. Frequently, these nutrients are added to
agriculturai soils, but are less available for plants without the presence of
microorganisms that are able to sclubilize and biclogically fix such elements.
Therefore, inoculation of wheat seeds with Azotobacter chroococcum in
addition to presence of native free-moving bacteria populations, such ag:the

e

Azotobacter gerius which can producé growth-promoting substancas,

;ﬂ-,(".

enhance the plant ability to grow. Also, results indicated that the Azolobacter
Ehroococcum inoculum improved the use of nitrogen in wheat fields.

{Wheat yield and yield components

’ Tables (2 and 3) showed that conjunction of biofertilization and
various N-fertilizer rates significantly increased the 1000-seed weight and the
biological yield of wheat {grain and straw). The increases were [inked to the
application rates of N-fertilizer. The 1000-seed weight (g), generally, tended
to increase significantly by Azotobacter incculant, the increment rates due to
the inoculation were 3.7 and 2.1% over the controi for El-Nubaria and El-
Gemmeiza sites, respectively. In view of the various N levels, the maximum
increment rates reached 23.6 and 19.8% at the rate of 100 kg N fed.” under
inoculation treatment for both sites, respectively. It could be seen that the
1000-seed weight tended to increase as N fertilizer level increased with or
without inoculation in both sites. The maximum 1000-seed weight was at N;
level followed by N, for inoculated plants with significant differences between
them.
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Table (2): Effect of Azotobacter chroococcum and mineral nitrogen fertilizer levels on growth parameters, yield
and yield components and N concentration in dry matter of wheat plants at Nubaria (average of two
_ __seasons). '
Dry weight/ Plant 1000-seed | N concentration Biological Yield Harvest
Treatments 10 plants height weight in dry matter {%}) yield {kg fed.”) index
{g) (cm) {9) Grain | Straw (kg fed.™) Grain Straw
No 12.83d 71.82d 46.29d 1.73d 0.68d 2861 e 074 e 1787 e 0.375
Uninoculated N, 16.89 ¢ 7863 c 49.87 c 206 ¢ 0.77 bc 3894 d 1468 d 2426 d 0.377
N, 18.14 bc 8514 b 5491 b 243b Q.87 a 5853 c 2215 ¢ 638 ¢ 0.378
N3 20.63 ab 8826 a 55.26 ab 2.62 ab 0.87 a 6387 b 2432 b 3855 b 0.381
No 13.48d 72.73d 47.11d 1.73d 0.73 ed 3120 e 1173 e 1947 e 0.376
Inoculated N, 1762 ¢ 80.14 ¢ 51.26 ¢ 214 ¢ | 081ab | 41594 1568 d 2591 d 0.377
N> 18.91 be B7.25a 5742 a 271a 0.88 a 6264 be 2379 be 3885 b 0.380
N3 2165a 90.29 a 58.21a 273a (0,893 7001 a 2682 a 4319 a 0.383
Inoculation Un (-} 17.12b 80.96 b 51.58 b 221b 0.798 b 4498.8 b 17873 b 2951.5b 0.378
In {+} 1792 a 8260a 5350a 233 a 0818 a 51360 a 1950.5 a 31855a 0.379
Interaction . . an o . . - -
Inoculation x N )

‘fe je 1’3 ‘yeppep-i3

Table (3): Effect of Azotobacter chroococcum and mineral nitrogen fertilizer levels on growth parameters, yield
and yield components and N concentration in dry matter of wheat plants at EI-Gemmeiza {average of
two seasons).

Dry weight/ Plant 1000-seed N concentration Biological Yield Harvest
Treatments 10 plants height weight in dry matter (%) yield (kg fed.”} index
{9) (cm} - {g) Graln Straw {kg fed.”) Grain Straw

No 14,62 & 7460d 4911 d 1.87 d 0.74¢ 3120d 1140 e 1980 d 0.365
Uninoculated N, 1918 ¢ 81.41 cd 5330 ¢ 214 c 0.79 bc 4850 ¢ 1770 d 3080 ¢ 0.365
N, 19.94 ¢ 87.52 bc 56.26 b 239b 084 b 6370 b 2360 ¢ 4010 b 0.370
Na 21.68 ab 92.13 ab 57.51 ab 2.58 ab 0.94 a 7080 a 2670 ab 4410 a 0.377
Mo 17.62d 75.36d 49.62 d 1.94d 076 ¢ 3430d 1260 e 2170 d 0.367
Inoculated N;: 19.95¢ 85.13 ¢ 54 15 ¢ 247 b 0.83 b 5190 ¢ 1920 d 3270 ¢ 0.370
Ns 20,42 be 90.25 b 58.23 ab 263a 0.87 ab 6640 b 2510b 4130 Db 0.378
Nj 2316 a 98.94 a 59.46 a 268 a 0.88a 7380 a 2820 a 4570 a 0.382
Inoculation Un (-) 18.83 b 83.92b 44.05 b 2.15b 0.83a 5355 b 1985 b 3370 b 0.371
In (+) 2029 a 87.42 a 44.99 a 23%a 086a 5660 a 2125 a 3535 a 0.375

Interaction N . N N N.S e " - i}

Incculation x N _ | :
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The same trend was observed for the biological yield. It is clear that
inoculation with Azotobacter increased biological and grain yields by 14.0 and
8.5% at El-Mubaria and by 5.7 and 7.0% at El-Gemmeiza, respectively. In
view of the various N doses, the maximum biclogical and grain yields were
124 and 115%, and 129 and 124% over the control at the rate of 100 kg N
fed.” for the inoculated plants followed by the rate of 80 kg N fed.” (100 and
94%, and 103 and 92%) for the two sites, respectively. The same trend was
observed for straw yield in the two sites. In addition, the results clearly
showed that the harvest index was enhanced with either inoculation or
fertilization for the two sites. These results confirm that the soil at El-
Gemmeiza is more fertile than the Nubaria soil (Table 1).
- Nitrogen concentration and uptake

Nitrogen concentration and uptake by wheat plants were significantly
increased by inoculation and nitrogen fertilization in the two sites (Tables 2
and 3 and Figs 1 and 2). Nitrogen concentration in wheat grain and straw and
total uptake were significantly increased by 5.4 and 2.5%, and 5.6% at El-
Mubaria and by 111 and 3.6%, and 14.3% at El-Gemmmeiza site,
respectively as affected by inoculation treatment. The maximum values of N
concentration in wheat grain and straw were obtained when N; and N; were
applied to inoculated plants with insignificant difference between them for the
two sites.
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Fig. (1): The effect of inoculation with Azotobacter chroococcum with or
without N fertilizer on nitrogen uptake by wheat plants at El-
Nubaria site.
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Fig. (2): The effect of inoculation with Azotobacter chroococcum with or
without N fertilizer on nitrogen uptake by wheat plants at El-
Gemmeiza site.

Response of wheat plants to phosphate solubilizing bacteria (PSB)
inoculation
- Plant growth and biomass

Data presented in Tables (4 and 5) show that the inoculation by PSB
and phosphorus fertilization resulted in several increases in wheat dry weight
and plant height at the two sites. Concerning the inoculation, the increase
percentages in dry weight and piant height were 3.3 and 2.1% at El-Nubaria
and 2.9 and 2.3% at El-Gemmeiza, respectively. In addition, fertilization
under inoculation and uninoculation treatments significantly increased the dry
weight and plant height. Increasing rates’ of phosphorus fertilizer significantly
- and progressively increased the dry weight and plant height. The maximum
values (20.43 g/10 plants and 89.83 cm plant’) were recorded with
inoculation in combination with the third rate of mineral fertilizer (Ps), with
increment rate of 2.3 and 0.5% over control (uninoculated plants),
respectively at El-Nubaria. Also, the dry matter and plant height were
increased with increasing P-fertilizer level from Py to P; by 6.5, 1.4, 3 and
2.3%, and 1.5, 4.4, 2.3 and 0.5%, respeclively as affected by inoculation
(Table 4). It can be seen that both dry matter weight and plant height tended
to increase by inoculation and/or P-fertilization, the increment ratés, over the
control, were 6.6, 0.7, 3.0 and 1.5% for dry matter and 3.7, 1.8, 2.2 and 1.7%
for plant height with increasing P-fertilizer levels from Py to Ps, respechvely at
El-Gemmeiza. Fawaz et a/(1980) and Banik and Dey (1981) reported that
the phosphate solubilizing bacteria solubilize insoluble P by producing
various organic acids. Also, Bonner (1961) concluded that the positive effects
of PSB on dry and fresh weights was probably due to the presence of
inoculated bacteria that support absorption, production of vitamins and
growth promoting substances and solubilization of phosphates. This process
has a direct impact on production of ATP and enzymes in charge of
stimulating the growth.
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- Wheat yield and yield components

Tables (4 and 5) showed that biofertiiization and various P-fertilizer
levels significantly increased the 1000-seed weight and biological yield of
wheat. The increases were linked to the application rates of P-fertilizer
with or without inoculation. The 1000-seed weight tended to increase
significantly by PSB inoculant, the increment rate due to inoculation was 1.9
and 1.2% over the control for E-Nubaria and El-Gemmeiza, respectively. In
view of the various P-levels, the maximum values of the 1000-seed weight
were obtained at Pa and P; for inoculated plants with insignificant difference
between them. The increment rates were 5.4 and 2.8%, and 6.5 and 4.3% for
El-Nubaria and El-Gemmeiza, respectively. it is clear that inoculation with
PSB significantly increased biological and grain yield by 4.5 and 4.8% at El-
Nubaria and 2.2 and 2.3% at El-Gemmeiza, respectively. The obtained
results revealed that both the biclogical and grain yield tended to increase by
twice increment rate in El-Nubaria site (highly calcareous soil) than El-
Gemmeiza site as affected by PSB inoculant. This may be related to the low
availability of P at El-Nubaria site due to high content of CaCQ; (from 23 to
25%) and the basic reaction of soil (pH 8.24 to 8.26). This highly positive
effect of PSB inoculant in case of El-Nubaria site than El-Gemmeiza may
be related to that the PSB which release several organic acids including
oxalic, citric, butyric, malonic, lactic, succinic, malic, gluconic, acetic,
glyconic, fumaric, adipic and 2-ketogluconic acid that solubiiize insoluble P,
this available P is taken up by plants (El-Gibaly et al., 1977, Ei-Altar et af,
1979 and Leyval and Berthelin, 1989). '

Data, also, revealed that the maximum biological and grain yield
reached 19 and 20%, and 7.3 and 8.5% at the rate of P; over the controt for
the inoculated plants followed by P, {reached 10 and 10.9%, and 4.6 and
5.0%) for the two sites, respectively. The same trend was observed for straw
yield at both sites. In addition, the results showed that the harvest index was
enhanced by either inoculation or fertilization treatments™at both sites.

- Phosphorus concentration and uptake

Phosphorus concentration in wheat plants (grain and straw) was
insignificantly affected by inoculation for the two sites (Tables 4 and 9), while
P-uptake (Figs. 3 and 4} was significantly increased with inoculation. The
total P-uptake was increased by 30 and 17% as affected by inoculation for
the two sites, respectively. The maximum values of P-concentration in wheat
grain and straw were obtained when P; and P, were applied to inoculated
plants with insignificant difference between them for the two sites.
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Table (4): Effect of phosphate solubilizing bacteria {PSB) and mineral phosphorus fertilizer levels on growth
parameters, yield and yield components and P concentration in dry matter of wheat plants at Nubaria
(average of two seasons).

[_ Dry weight/ Plant 1000-seed P concentration Biological Yield Harvest
Treatments 10 plants height weight in dry matter (%) yield (kg fed.") index
{g) (cm) (g) Grain Siraw | (kg fed.") Grain Straw

Pa 1745¢ 7991 c 54.36d 0.48d 0.30c 6378 e 2398 f 3980 e 0.376
Uninoculated Py 18.61 bc 80.13¢c 54.81cd 0.50 cd 0.33 be 6568 de 2480 ef 4088 de 0.378
P, 18.97b 8574 a 55.72 cd 0.55 ab 0.33be 6686 ¢d 2527 de 4159 cd 0.378
Pa 19.98 ab 89.36 a 87.76 ab 0.57 ab 0.36 ab 7092 b 2688 be 4404 b 0.379
Pe 18.59 bc B81.14c 55.26 cd 0.52 cd 031¢c 6406 e 2415¢ 3991d 0.377
Inoculated P, 18.87 b 83.62b 56.43 be 0.54 bc 0.34 ab 6833 ¢c 2583 cod 4250 ¢ 0.378
P2 19.56 ab 87.71a 56.81 ab 0.57 ab 0.35 ab 7066 b 2678 b 4388 be 0.379
P 2043 a 89.83 a 58.26 a 059a 0.38a 7624 a 2897 a 4727 a 0.380
Inoculation Un() | 1875b 83.79b | 5566b 0.53a 0332 6681.1b | 25233b | 4157.8b | 0.378
In (+) 19.36 a 85.58 a 56.69 a 0.56 a 0.35a 6982.3 a 26433 a 43390 a 0.379

interaction N . » - .

Inoculation x P N.S N.S N.S 3

Table (5): Effect of phosphate solublliziﬁg bacteria {PSB) and mineral phosphorus fertilizer levels on growth

parameters, yield and yield components and P concentration in dry matter of wheat plants at El-

Gemmeiza (average of two seasons).

Dry weight/ Plant 1000-seed P concentration Biological Yield Harvest
Treatments 10 plants height : weight in dry matter (%) yield (kg fed.") index
(@) {cm) {g) Grain Straw {kg fed.") Grain Straw
Po 18.36 ¢ 81.49d | 55634d 0.52 ¢ 0.29d 6748 d 2490 d 4258 d 0.369
Uninoculated Py 19.67 bec B88.36b - 5711 ¢ 0.57 cde 031¢ 6790 d 2519d 4271 cd 0.371
P, 20.11 abc 90.11b 58.42 b 059bcd | D31 ¢ 6879 cd 2566 bc 4313 be 0.373
Py 21.98 ab 91.26ab’ | 59.66a 0.67 ab 0.38b 6957 be 2595 be 4362 b 0.373
Pq 19.58 be B4.52¢ 56.46 ¢ 0.56 de 033c 6776 d 2507 d 4269 cd 0.370
inoculated P 19.82 abc 89.91b 58.13 b 0.58cde | 0.37b 6868 cd 2541 cd 4327 be 0.370
P 20.74 abe 92.13a’ 58.91 a 0.63abc | 0.40ab 7067 b 2636 b 4431 a 0.373
Py 22.31a 92.78a 60.14 a 0.69 a 0.42a 7273 a 27203 4553 a 0.374
Inoculation Un () 20.03b B7.81b 57.71b 0.59 a 032a 6843.5b 2542.5b 4301.0b 0.372
In (+) 20.61a 89.84 a 58.41 a 0.62 a 0.38 a 6996.0 a 2601.0a 4395.0 a 0.372
Interaction N . N N .
tnoculation x P NS NS N.S i

12 38 ‘'3 ‘yeppew-i3
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Fig. (3): The effect of inoculation with Azotobacter chroococcum with or
without P fertilizer on phosphorus uptake by wheat plants at
El-Nubaria site.
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Fig. (4): The effect of inoculation with Azotobacter chroococcum with or
without P fertilizer on phosphorus uptake by wheat plants at
El-Gemmeiza site.

Soil nitrogen and phosphorus availability after harvest as affected by
inoculation

Data presented in Table (6) show significant increases in the
amounts of available N and P in both scils after harvest as affected with
inoculation and mineral fertilization. Concerning the effect of biefertilization on
N and P availability, data revealed that soil N-availability was increased by
11.3 and 8.6% for El-Nubaria and El-Gemmeiza sites, respectively, while P-
availability was increased by 24.2 and 31.7% for both sites, respectively. As
for the effect of mineral fertilizers on available N and P (Table 8), it is shown
that, under all treatments, the soil content of available N and P was affected
by mineral fertilizer application rates. The maximum values of available N
were obtained under N; level followed by N; with or without inoculation, by
increment rates of 180 and 112%, and 197 and 143% for inoculated plants
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and 177 and 104%, and 176 and 11% for uninoculated plants at the two sites,
respectively. The same trend was observed for available P. The maximum
values were obtained under P; and P, for inoculated and uninoculated plants
at the two sites. In El-Nubaria, the increment rates were 176 and 148% under
P level and 88 and 75% under P, for inoculated and uninoculated plants,
respectively. in El-Gemmeiza they were 43 and 36% under P; and 32 and
27% under P,, respectively. In the present study, the high soil pH and high
calcium carbonate content in El-Nubaria soil (Table 1) explain the low
availabiiity of P in El-Nubaria site (calcareous soil). This is likely to be due to
a combination of chemisorption and competition with CaCO,, plus its lower
organic matter content. Also, the results show that the increment rates of
available P were higher at El-Nubaria than El-Gemmeiza as affected by PS8
inoculation under different levels of P-fertilizer. This may be due to the higher
effect of PSB on solubilization of natural insoluble phosphate in case of highly
calcareous soil. Therefore, the use of chemical fertilizers with PSB inoculation
could reduce the use of chemicai fertilizers, reduce pollution impact and crop
productivity could be optimized.

Table (6): Effect of inoculation on soil nitrogen and phosphorus
avaifability under different levels of mineral fertilization after
harvesting (average of two seasons).

Available soil N Available soil p

Treatment {ppm} ~ Treatment (ppm}

Nubaria | Gemmeiza Nubaria | Gemmeiza

No |21.74e| 2B.83e Pof 2.52d 9.14c¢
, Ns 13352d) 46.71d . Py} 3.19d 10.26 ¢
Uninoculated Ny T4431c| 5768c | wrnoculated 5 o c T 115680
N; {60.27b! 79.56a P.| 621b 12.41b
No | 23.51e| 29.74e Ps | 3.144d 11.82b
' ' N, [ 36.18d| 43.26d | 7, TPyt 397¢ 13.91b
Inoculated o 14082 ¢ | Go.72b | mocuated 5 TEGTp | 15662
N:{16831a! 88.34a P;s| 868a 1694 a
. Un-j 39.96a | 53.19b . Un-| 409b 11.08b
Inoculation Int+|4446a| §7.77a Inoculation In+| 508a 14.59 a

In conclusion, soil and seed inoculation might be recommended as a
soil cultivation management to increase the microorganisms population
especially in low fertile soils in newly reclaimed highly calcareous soils such
as El-Nubaria sois.
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