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ABSTRACT

Two field experiments were carried out at Sakha Agriculiural Research Station
In this investigation inoculated wheat grain cultivars Sakha 63, Triticum aestivum L,
were cultivated in clayey soils during the two successive seasons of 1998/1999 and
1989/2000. The inocutafion was done using phosphate dissolving bacterial straing
namely Bacillus megathenum var phosphaticumn to study th= 2fect of inoculation with
different fevels of superphose-ate on microbiology of wheat rhizospherre, NPK
uptane, and the plant growth as weit as yield and yield componenis.

Cbtained dala showed increase in five bacterial groups examined in wheat
rhizosphere. These groups are P-dissolving bacieria, totai viable bacteria, Rhizobium
spp., Azotobacter spp. and Azospirilium spp.

R2garding the growth characters, the values of plant heigh! and number of
tiflers were significantly increased as resuits of bacterial inoculation as weil as P
fertitization.

For yield and yield Componenls, the obtained values of the spike weight, 1000-
grain weight, grain yield and straw yield also increased as a result of bacterial
inoculation with P-dissolving bacteria. After the harvesting, the plant analysis showed
increases in the content of nitrogen, phosphaius and potassiom either in grains or in
wheat straw as well,

This can also take partin reducing the pellution of the soil from the chemicals
added every year. Furthermore, this also increassd the yield of wheat and the nutritive

value as wail.
INTRODUCTION

has focused the attention of research on the possibility of using bicfertiizers
as an alternative or complementary for mineral fertilization (Raju et af., 1897).
Besides the other plant essential nutrients, phosphorus comes next to
nitrogen as a vital nutrient for plants and microorganisms. The inorganic
forms of the element in soif are compounds of caicium, iron, aiuminum and
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agent of energy transfer and deficiency of available P is more likely to lim_it
crop production than any other material except water. Recently, emphasis
has been paid to the possibility of great utilization of unavailable P-forms
such as rock-phosphate by the action of P-solubilizing microorganisms.
Published data demonstrated that the significant increases in the yield of
different crops were possible when inoculated with P-dissolvers (El-
Faramawi, 1984). Biofertilizers denote preparations containing living micro-
organisms, such as bacteria; Rhizobia, Azotobacter, Azospirilum and
phosphate dissolvers, such as; Bacilfus megatherium. These microorganisms
can improve the soil fertility by changing unavailable sources of atmospheric
nitrogen and soil phosphorus into available form for growing crops. Bic-
fertihzers are considered to be cheap way to recycle the elements to
conserve natural resources and to act as protection factor against increasing
politon due to the extensive use of mineral fertilizers (Zaghloul et af., 1996
and Neeru et al, 2000). In the developed countries, chemically produced
water-soluble P feriilizers are routinely applied to crops. The P in these
fertilizers is ini‘ally availabic for plant use, then rapidly reacts with soil
components and hecomes progressively less availabie for plant uptake. In
the developing countries, where chemical fertilizers are not available or are
too expensive, ground rock P offers a less costly option (Nahas, 1898). This
form of P is much less available to plants than standard fertilizers, except in
acidic soils. Many soil microorganisms are able to solubilize otherwise
unavailable forms cf bound P. These organisms are found in most soils but
the numbers and types vary from soil to soil. The ability of microorganisms to
solubilize P in soil, and make it available for plant use was demonstrated. In
the 50 years since this discovery, researchers world-wide have worked to
isotate P-solubilizing organisms, study their characteristics, and use them in
incculants to make P more readily avaitable in commercial agriculture
{Krishan et al., 1996 and Singh and Kapoor, 1999).

This work was carried out to examine the inoculation of wheat grains
with Bacillus megatherium var. phosphaticum together with different ievel of
superphosphate on microbioiogy of wheat rhizosphere, The yield and yield
components, wheat growth and NPK uptake were also undertaken in this
investigation.

MATERIALS AND METHODS

This investigation was carried out at Sakha Agricultural Research
Station. In this investigation, wheat grains cultivars Sakha 69 were used.
Field experiments were conducted during the two_successive seasons of
1998/1999 and 1999/2000.

Soil samples:

Soil samples of experimental fields were collected from Sakha
Agricultural Research Station before setting up the trial. Twenty surface
samples were taken at ten different locations at 0-20 cm depth. Mixed sample
was obtained and saved in plastic bags. Mechanical analysis was carried out
using the method described by Piper (1950). The organic carbon content of
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soit  samples was determined according to Jackson (1958). The soluble
cations and anions were determined according the method described by
Richards (1954). The electrical conductivity was determined according to the
method described by Richards (1854). Their analysis either physical or
chemical are presented in Tabie (1).

Table {1): Some physicat and chemical properties of the experimental
_clayey soil during 1998/1999 and 1999/2000 seasons

Soil properties Season of cultivation
| 157{1998/1999) [2™ (1999/2000)

Clay (%) 49.19 4895 :
Silt (%) 25.74 24.95
ISand (%) 24.28 23.92
CaCOs (%) 2.10 215
Organic matter (%) 0.96 1.05
nH (1:2.5 soil water suspension) 8.10 8.00
EC dSm™ (Soll paste extract at 25°C) 2.10 230
Totat phosphorus {ppm) 1200 1250
\Avaialble macronutrients {ppm)

N 22.00 35.00

p : 8.30 8.50

K 825.5 914.50
lAvalaible micronutrients {ppm):

n 0.98 1.10

Fe 7.85 8.30

Mn 7.50 8.20
Soluble catlons meg/liter:

ca™” 5.55 5.35

Mg 4.63 4.00

Na* 10.65 11.11

K 0.40 0.36
ISoluble anlons meg/liter:

CO% - -

HCO'y 2.50 2.00

cr 10.86 11.17

807 777 7.65

Bacterial strain:

An active phosphate dissolving bacterial strain namely Bacillus
megatherium var.  phosphalicum was provided from Microbiclogy
Depariment, Agric. Res. Center, Ministry of Agriculture, Egypt. This strain
was maintained on nutrient agar slant at 5°C tili used. Strain of Bacillus
megatherium var. phosphaticerm was grown on a liquid medium of modified
Bunt and Rovira (Abdel-Hafez, 1966} using 250 mi Erienmeyer flasks
containing 100 m! of the medium. The flasks were incubated at 28°C for 7
days. The bacterial growth was washed and suspended in a physiological
mineral solution. Grains of wheat plants were washed and soaked for 30
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minutes in the physiclogical mineral solution contained about 10° cells/mi. An
adhesive agent Arabic gum was used to obtain coated grains. The coated
grains were then air dried in the shade for 30 minutes and sown immediately.

The two field experiments. were designed in a split split design. The
arrangement of the field experiment involves two factors. The firstis the
microbial inoculation with phosphate dissolving bacteria as main plots, two
treatments were conducted for wheat included uninoculated and inoculated
one. The second factor is P-fertilization using superphosphate (15.5% P,0s)
included five treatments, i.e., 0, 5, 10, 15 and 20 kg P,0¢/fed. The treatments
were replicated 4 times,and the plot area was 3x3 =9 m?,

Wheat grains were sown on 18" November, 1998 in the 1% season
and on 219 November, 1989 in the 2™ season. All treatments received
nitrogen fertilizer {Ammonium nitrate 33% N) at the rate of 75 kg N/fed in 3
doses, the 1% dose represented 20% of nitrogen applied rate and added
during sowing as activator dose, the 2™ dose represented 40% of the
nitrogen applied rate and applied before the 1 irrigation (3 weeks from
planting) and 3 dose was 40% of the nitrogen applied rate which
broadcasted before the 2™ imigation (3 weeks from the 1 imigation).
Phosphorus fertilizer was added in one dose before the 1* irrigation.

Harvesting was in 30" May, 1999 and 5™ June, 2000 in the 1* and
2™ season, respectively.

Before harvesting, 10 plants from wheat were randomly coliected, put
in paper bags, then immediately carried to the laboratory. These plants were
then used to study the behaviour of plant growth as affected by addition of
P,Os and bacterial inoculation with chosphate dissolving bacteria as well. The
subjected examination were piant height (cm}, and number of tillecs.

Yield and yield components:

The grain yield of wheat was determined by threshing the harvested
plants and collecting the grains of the area of 9 m? (plot), separated from
straw, weighed and determined per piot and the obtained resuits were
expressed as ton/fed. Straw yield was obtained by subtracting the values of
grain yield from the values of total yield of accumulated weight (grain +
straw). The obtained results were expressed as ton/fed.

Plant analysis:

For determination of nitrogen content, samples of shoots after 60 days
from planting, grain, as well as straw at maturity from treatments were ground
in a mill, portions of each grain and straw (0.2 g) were digested according to
Chapman and Pratt {1963). The digested samples were distilled by micro-
kjeldahi procedure. The nitrogen content (%) of distillate was determined by
titration according to Black ef al. {1965). Phosphorus content in the digested
samples was colorimetrically measured according to the method described by
Snell and Snell (1967). Potassium content was measured by the method
described in AQAC (1980) using the Perkin Eimer flame photometer.

Microbiological measurements:
The count of total viable content was determined in rhizosphere soil
samples according to Vincent (1870} using the soil extract agar medium
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(Allen, 1959). By using Bunt and Rovira medium modified by Abdel-Hafez
(1966), phosphate dissoiving bacteria were counted by the decimat plate
count technique. Symbiotic N-fixers expressed as Rhizobium spp. were
determined by yeast extract-mannitol agar (YMA) medium (Allen, 1959). Non-
symbiotic N-fixers experiment as both Azotobacter spp. and Azospinilum spp.
by using the technique of most probable number (MPN) as described by
Vvincent (1970), the total number of Azolobacter spp. were counted in
rhizosphere samples. The medium of Ashby modified by Abdel-Malek and
Ishac (1968) was used. The positive tubes were distinguished by the
presence of the pellicle and by examining stained preparation. By using the
semi-solid matale medium of D bereiner (1878), the wial number of viable
Azospirilfum spp. were counted in rhizosphere samples. The technique cf
most probable number (MPN) described by Vincent (1970) was used. The
number of viable bacteria were calculated using Cochran’s tables (Cochran,
1950) and related to oven dry weight s::mple.

Statistical analysis:
The obtained resuits were subjected for statistical analysis according
to the procedure outlined by Gomes and Gomes (1984).

RESULTS AND DISCUSSION

Microbiologlcal value of wheat rhizosphere:

Data in Table (2) clearly show that the counts of P-dissolving bacteria
in rhizosphere of wheat plant increased with time to reach the maximum
values after the 2™ month of sowing under all phosphatic and inoculation
treatments.

Table (2): Changes in counts of phosphate dissolving bacteria in
rhizosphere of wheat as affected by different rates of P,0,
and P-dissolving bacterial inocuiation.

Uninoculated inoculated
Months Months
POs | ¥ T2 [ 3 [ a|M™ T35 1 5 15 Mean
(kgited) P-dissolving bacteria P-dissolving bacteria
X 10%cellslqg solt x 10/celisigv
g 304 85 | 35 1303750 | 30 | 65 | 45 | 30 | 425
o 30 60 40 3 40.25 30 70 45 k3| 440
15 30 &2 43 3 41.50 30 75 50 32 46.8
bo 31 65 45 32 | 43.25 30 80 52 33 48.8
Mean 32 70 50 33 46.25 33 85 55 35 52.0
3086| 624 426 |314( 41.75 306 | 750 | 494 32.2 46.8
P T |
rm = ~ =
180 0.05 22 7.57 9.85
0.01 30 10.3 10.63

The inoculation with P-dissolving bacteria high significantly increased
the count of bacteria, under all P fertilization treatment compared to
uninoculated ones. The highest mean count value is 75.0 x 10° cfurg soil
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under the inoculated treatment compared to 62.4 x 107 cfu/g soil for
uninoculated treatment.

P-fertilization high significantly affected the count of P-dissolving
bacteria where the count increased with increasing the level of added P.
Under the inoculated treatment the mean count of P-dissolving bacterial
increased from 37.5 x 107 cfu/g soil (control) to 40,25, 41.50, 43.25 and 48.25
x 10% cfulg soit as a result of applying 5, 10, 15 and 20 kg P,Ogffed,
respectively. In the case of inoculated treatment the mean count of P-
dissolving bacteria mcreased from 42.5 x 10° cfu/g soil {control) to 44.0,
46.8, 488 and 52.0 x 10° cfuig soil for the above mentioned P level,
respectively.

Data in Table {2) show also that the inoculation gave several fold
increases in the count of P-dissolving bacteria under P-applied levels
compared to uninoculation tresinents. For exampie after 2 months from
sowing, the count of P-dissclving bacteria was 85.0 x 10° cfu/g soxl for the
treatment of inoculation and 20 kg P,Os/fed compared to 70.0 x 10° cfulg soil
for uninoculated + 20 kg P;Osffed treatment, the increase represents 121.4
fold.

The count of P-dissolving bacteria dropped sharply after the 3% ang 4"
month from planting. The count after the 4" month is nearly equal the count
after the 1% month which means that the increase in the count of P-dissolving
bacteria is related to the activity of plant growth.

Data in Table {3) showed that the count of total viable bacteria in the
rhizosphere of wheat plant which took the trend of P-dissolving bacteria.
Raising the rate of P,0sffed accompanied with an increase in the count of
total viable bacteria but the increase under the inoculation is higher than the
mcrease under the umnocutanon state. The mean ¢ount increased from 37.5
x 10° cfulg soil to 43.5 x 10* cfu/g son under unmoculated treatment, while
the mean increase was from 38.8 x 10° cfu/soil to 46.0 x 10° cfu/g soil under
inoculated treatment due to raising the rate of P,0s from zero to 20 kg/fed.
Maximum increase was attained after 2 months from sowmg The count after
2 months and with 20 kg P,Os/fed was to 65.0 x 10* and to 70.0 x 10° cfu/g
soil for uninoculated and inoculated treatment.

As shown in Table (4), data proved the proliferation of the count cf
Rhizobium spp. in wheat rhizosphere with the inoculation with P-dissolving
bacteria. In case of uninoculation, the count reach its maximum value after
the 2™ month of planting with 20 kg of P,Og/fed. This value was found to be
65 x 10° cfuig soil. The counter part number in case of inoculation
experiments was 80 x 10* under the same conditions. The mean value of
Rhizobium spp. changed from 26.5 x 107 cfulg without P fertilization to 35.8 x

10%g soil fertilized with 20 kg of P,Osfed in case of unioculation. These
fi igures became 41.3 x 10 cfu/g and of unfertilized soil which changed to 50.0
x 10° cfulg of 20 kg P,Osffed of fertilized soit as can be seen in the same
table. The increasing of such bacteria in wheat rhizosphere means maore N-
fixation and increasing the amount of growth promoting substances.
Therefore, all parameters of the plant growth and yield wouid be increased as
found by Ahmed (1995).
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Table (3): Changes In counts of the total viable bacteria in rhizosphere
of wheat plant as affected by different rates of P,0Os and P-
dissolving bacterial inoculation.

[ Uninoculated Inoculated
; Months Months
P20s 1 2 ] 3 Ja ™5 T57; ( HM“”
{kg/fed) Total viable bacteria Total viable bacteria
x 10*/cellsig soil x 10%cells/g soi)
30 [ 85 | 35 [30]375] 30 |60 35 | 30 1388
30 | 60 | 40 | 30400 30 |e5( 38 | 32 |a13
10 30 | 82 43 |31 1415( 30 |e=! a0 { 32 la18l
15 31 1 83 ( 45 |31 {425 30 {68 42 | 31 | 428 {
0 32 | 65 | 45 132435 33 (70| 45 | 32 | 450
Mean 306 | 61.0 | 416 {30.8{41.0| 306 656! 40.0 | 31.4 { 419 |
P T I
!F [est -w L] L3 i
LSD0.05 | 01 | 05 | 007 | g
0.01 02 | 07 { 008 |

Table {4): Changes in counts of Rhizobium spp. in rhizosphere of
wheat plant as affected by different rates of P,0; and P-
dissolving bacterial inoculation.

Uninoculated Inoculated
POs [ Months Mean Months Mean
| {kg/fed) 1. 1 2 T 3774 11 213 T3
Rhizobium spp. Rhizobium spp.
x 10%/cellig soil x 10*cellig soil
0 15 50 30 11 1265130 65 45 | 25 { 41.3
5 15 52 a3 12 1280304 70 50 | 30 { 45.0
10 17 55 35 12 1298 )32 75 50 | 301|468
15 16 60 40 13 1323131 78 55 | 301|485
ﬁo 18 65 45 15 {35681 31( 80 60 ) 30| 50.3
ean 16.2 56.4 366 _[12.6] 30.5 {30.8] 73.6 | 52.0 |20.0| 45.4
P T )
F test - ~ =
1.SD 0.05 223 | 194 | 797
p.ot 3.08 | 264 | 1378

Data recorded in Table (5) reveal thal the counts of Azotobacter spp. in
rhizosphere of wheat increased to reach the maximum vaiue of 83 x 10° cfuig
soil fertilized with 15 kg P,Qsffed under inoculation condition after the 2™
month. The lowest counts was found to be 10 x 102 cfuig of not fertilized soil
under uninoculated treatments after the 1% month. The mean value of
Azotobacter spp. count was increased from 20.3 x 10° cfu/g soil without P
fertilization to reach 22.3 x 10? cfu/g soil with 20 kg P,Og/fed and from 37.0 x
10° cfulg soil without P to 47.0 x 16° cfu/g soil with 20 kg P,O¢/fed in case of
uninoculated and inoculated treatments, respectively. This may erhance the
N-fixation and consequently encouraged plant growth and nutrient uptake by
wheat plants.
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Table (5): Changes in counts of Azofobacter spp. In rhizosphere of
wheat plant as affected by different rates of P,O;and P-
dissolving bacterial inoculation,

Uninoculated Inoculated
P10y Months Mean Months Mean
{kgifed) 1 ] 2 | 3 ] & 1] 2 3] 4
Azotobacfer spp. Azorobacter spp.
x 10%/cellslg soil x 10°fcellsig soil
0 10 35 24 12 | 203 [ 21 74 | 38 15 | 370
5 12 a7 25 10 | 21.0 [ 35 ] 80 |30 | 30 | 4838
10 14 37 25 12 120|421} &1 52 32 } 518
15 12 40 24 10 | 215140 83 | 54 33 | 525
20 14 40 25 0 | 223 | 38 | 81 51 18 | 47.0
Mean 12.4 7.8 248 | 108 | 21.4 |352| 798 |49.0| 256 | 47.4
P T C
F 1est - - "
LSD 0.05 2.31 0.21 1.07
0.01 3.28 0.29 1.48

The recorded data in Table (6) reveal that the inoculation of wheat
grains with Bacillus megatherium resulted in an increase in the densities of
Azospirillum spp. var. phosphaticum colonized the rhizosphere reglon The
mean increases under zero ons were found to be from 17.5 x 10° cfu/g of
uninoculated soil to 34.3 x 10° cfulg of moculated soil. The maximum value of
Azosp;nmum s5pp. densities was 78 x 10° cfu/g soil, which was observed after
the 2™ month of inoculation and 10 kg P:Qs/fed. At the next months, the
bactenal counts were sharply dropped and reached their lowest values being
10 x 10% cfuig soil after the 4™ month without addition P and uninoculated
treatments as shown in Table (10). This resuits clearly show an interesting
relation between phosphate dissolving bacteria and the number of
Azospiritlum spp. in rhizesphere. These results came in harmony with those
obtained by Zaghloul et af. {1996). They found that the highestcount of
Azospiriflum was activated in soil Inoculated with Bacillus megatherium.
Wheat growth:

Data in Table (7) show the effect of phosphate fertilization level and
grain inoculation of wheat plant on some growth parameters in 1998/39 and
1999/2000 seasons in the field experiments. The data reveal that
increasing phosphorous (P,Os/fed) resulted in high significant increases in
plant height and number of tillers / plant under inoculated and uninocutated
treatments. Increasing the rate of P,Os/fed increased plant height in case of
uninoculation to reach the maximum values to be 101.3 and 101.25cm in 1*
and 2™ seasons, respectively. On the other hand, in case of inoculation the
increase of P,0j; leads to increase the height of wheat plant to the maximum
value to be 104.75 cm for both cultivated seasons. This could be attributed to
the role of microorganisms by supplying wheat roots with their fixed nitrogen
and improving the vegetative growth. The mean values of plant height under
phosphate fertilization were 98.50 and 103 80 cm in the 1™ season, while
they were 99.00 and 103.30 cm in the 2™ season under uninoculated and
inoculated treatments, respectively.
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Table {6): Changes In counts of Azospirilum spp.in rhizosphere of
wheat plant as affected by different rates of P,0; and P-
dissolving bacterial Inoculation.

l7 Uninoculated Inoculated ]
P20s Months - Months
kaffed) [ 1 1 2 | 3 1 4 _"ei T2 ]34 e
Azospiriflum spp. Azospirillum spp. 1
x 10%cellig soif x 10°cellig soil
0 10 | 30 | 20 | 10 |ws| e f71faafa] it
o 11 32 22 10 119.0( 34 (7542 16 45'3
10 12 35 22 11 1981 38 |78 |45 20 43'3
15 12 40 25 10 (218| 35 | 74|44 )20 333
20 14 45 30 10 (248) 21 )} 70(30) 12 39.6
Mean 11.8 36.4 238 102 |206) 29.4 |73.6/38.8)16.4 ’
P T i
F test NS - -
LSD 0.05 - 1.05 1.18
0.01 -- 1.42 1.45

Table (7): Effect of phosphorus fertilization and bacterial inoculation
with Bacillus megatherium var phosphaticum on wheat

rowth.
First season Second season
P:0s |  Plant No. of Plant No. of
{kgifed) Height {cm) | tillers / plant Height{cm) titlers / plant
| Uninoculated
' 95.60 3.95 06.180 3,98
97.20 3.90 97.75 4.07
10 98.90 4.05 89.25 4.13
15 99.50 443 100.63 4.53
0 101.20 4.30 101.25 4.82
Mean 98.50 4.10 99.00 4.30
F test - NS | - -
LSD 0.05 |  1.36 - 1.73 0.30
0.01 1.55 - 2.93 0.41
Inoculated
0 102.40 4.88 - 102.50 450 |
5 103.00 4.75 102.25 4.95
10 103.75 4.85 103.25 5.05
15 104.00 4.95 103.50 5.08
20 104.75 5.15 104.75 5.60
ean 103.60 4.90 103.30 5.00
F test - - - -~
LSD 0.05 1.88 0.24 1.50 0.20
0.01 2.18 0.33 2.01 027 |

Concerning the number of tillers / plant, it could be noticed that the
same trend with plant height was realized. Under the uninoculated
treatments, the number of tillers per plant was significantly increased in 1%
season and high significantly increased in the 2™ season, the highest value
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was achieved with applying 20 kg P,Osffed (4.82 tillers/plant). In case of
bacterial inoculation, raising the rate of P,Os/fed induced high significantly
increases in the number of tillers in both seasons. Maximum values were
attained due to applying 20 kg P,Os/fed (5.15 and 5.60 tillers/plant, in the 1
and 2™ season, respectively). The increase in plant height may be due to the
role of fertilization in stimulation of plant cell division and internade elongation
(Peng and Li, 1991). The positive effect of phosphorous may be due to the
role of phosphorous in photosynthesis and respiration in addition to its role in
cell division and development of meristematic tissues as reported by Ashour
(1998).

Inocuiation of wheat grains by phosphate soluabilizing bacteria
increased the mean values of tillers per plant in both growing seasons. The
mean values of tillers / plant were 4.10 and 4.30 in case of uninoculation,
while they were 4.90 and 5.00 in case of bacterial inocuiation for the first and
the second seasons, respectively. This increase may be due to the amount of
biological nitrogen fixed by the three different bacterial groups found in plant
rhizosphere. This in addition to vitamins and auxin-like growth substances
and the considerable amount of ascorbic acid, which usuaily fiberated by
rhizosphere microbes. Wheat plant can assimilate these materials and
refiected their beneficial effect on all parts of the plant (Hegazy et al,, 1995).

Yield and yield components:

Data in Table (8) show the values of spike length (cm), spike weight
{g), 1000-grain weight (@), grain and straw yield (ton/fed) as affected by
phosphate fertilization levels and grain inoculation by phosphate dissolving
bacteria in 1998/989 and 1998/2000 cultivation seasons. In case of the
uninoculated treatment, in the first season the data clearly show that
increasing phosphate levels significantly increase spike length to reach the
maximum Ilength of 9.7 cm when using 20 kg P;Os/fed. Spike weight aiso
increased to reach 1.94g when using 20 kg P,O¢/fed. For the 1000-grain
weight, the same trend was observed, so the weight of 1000 grain was 42.35
g under the highest P;0s fevel (20 kg/fed)..

Similar effect of P,Qs was found with the grain yleld as well as straw
yield in ton/fed. The values were 2.51 and 5.14 tonffed for grain and stia.v
yield, respectively. Similar trend was found in the 2™ season, where all
studied parameters were high significantly increased as the rate of P,04/fed
increased giving the highest values of 10.1 cm, 2.02 g, 42.56 g, 2.52 ton/fed
and 5.13 ton/fed for spike lencth, spike weight, 1000-grain weight, grain yield
and straw yield, respectively at the highest P,O;5 rate (20 kg P,Cg/fed)..

The bacterial inoculation of wheat grain with phosphate dissolving
bacteria high significantly increased the spike length, giving the maximum
value in the 1% season of 9.88 cm when using 15 kg P,Os/fed. The obtained
value of the spike weight is 2.34g when using 20 kg of P,O¢/fed. The other
values obtained in the 1% season are 43.41, 5.53 and 5.29 for 1000-grain
weight (g), grain yield (ton/fed) and straw yield (ton/fed) by using 20 kg of
P,Os/fed, respectively. The increase in spike length due to adding P,Os
together with Bacillus megatherium var. phosphaticum leads to increase in
cell elongation and cell division. This is due to increase in photosynthesis and
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nitrogen fixed by bacteria present in wheat rhizosphere. These expianation is
in accordance with that of Ishac (1988), Sharief et al. {1998) and El-Naggar
{1999). Also Singaram and Katharaman (1991) revealed that using Baciflus
megatherium increased grain and straw yield of maize.

Regarding the values obtained in the 2™ season, it could be seen that
using of 20 kg P,Osffed achieved the highest vaiue for each examined
parameters as stcwn in Table (8). These values are 10.30 ¢cm, 2.29g,
43.759, 2.55 tonffed and 5.56 ton/fed for spike length, spike weight, 1000-
grain weight, grain yield and straw yield, respectively. The increase in straw
yield may be mainly due to the increase in plant heigi t and number of tillers
per plant.

Table (8): Effect of phosphorus fertilization and bacterial inoculation
with Bacilfus megatherium var. Phosphaticum on wheat

yield and yield components in field experiments.

First season Second season ]
= =l c~lT__|B_ ':‘ = &= b T ..
PO, | 95| 9215215728 25 o2 82| 23 | 23
koifed) ! L 25| S5 ce |32 |28(206| a6 | €2 | 32
welve g TS| Ee|Vc P8 89 ] Eg
Uninoculated
o 885 | 183 |3986] 224 | 418 | 857 | 183 | 4001 | 224 | 414
5 9.00 | 187 {4061 (231 | 436 | 9.0 | 1.90 | 4088 | 231 | 437
10 903 | 1.88 {41.11{ 238 | 490 | 915 1.94 | 4118 | 238 | 4.88
15 900 | 1.92 (41964 249 { 504 | 0.80 | 195 | 4221 | 249 | 529
20 970 | 1.94 (4235{ 251 | 514 11010 2.02 | 4256 | 252 | 5.3
Mean | 912 | 189 {4118 238 | 472 | 942 ) 193 ) 4133 | 239 | 474
F ‘esl - “n [ 2 . ] .a » -n e )
LSO 048 { 009 | 0.22 | 0.02 | 026 | 0.5 | 003 | 020 | 003 | 013
™ . . . . . . . .
b o) 063 | 0.15 | 0.29 | 003 | 035 | 084 | ~ | 028 - 0.18
Inoculated
7 897 | 1.80 |41.03] 230 | 432 | 905 | 191 | 41.01 | 230 | 436
5 925 | 1.94 |4161) 235 { 448 { 930 | 193 | 41690 | 236 | 4.51
o 963 | 2.06 |4210| 240 { 495 | 950 | 200 | 4228 | 241 | 5.24
15 988 | 216 |4283| 252 | 528 | 990 | 2.08 | 4345 | 254 | 574
0 973 | 2.34 |a341| 253 | 520 {1030 220 | 4375 | 255 | 558
Mean | 945 | 208 |42.19| 242 | 487 | 1035) 206 | 4237 | 243 | 508
F test 33 'Y - - e L] - - - L)
%‘g 0.18 | 013 { 024 { 001 | 011 | 020 | 047 | 024 | 002 | o010
bos 024 | 021 {033 {00t |ot4]| ~ | ~ | 033 - 0.14
Pxi NS | S | NS | NS | NS | NS | NS | WS NS NS

N, P and K content:

Data presented in Table (9)show that the N content of wheat organs
increased due to raising the P;Os so that the maximum values in case of
uninoculation were obtained when using 20 kg péos / fed. These values are
1.93, 2.38;2.04, 2.29 and 0.380, 0.343% in the 1% and 2™ season for shoots
at boating stage, grain and straw at maturity, respectively.
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Table (9): Effect of phosphorus fertilization and bacterial inoculation
with Bacillus megatherium var. Phosphaticum on N content

%) of wheat plant,
First season Second season S
P03 Boating Grain Straw Boating Grain Straw
{kgffed) stage |at maturity |at maturity| stage |at maturity|at maturity
Uninoculated
0 1.81 1.88 0.285 1.93 1.99 0.293
5 1.84 1.90 0.298 2.08 2.09 0.305
10 1.87 1.93 0.315 2.24 2.19. 0.323
15 1.89 184 0.340 2.29 225 0.335
R0 1.93 2.04 0.380 2.38 2.29 0.343
Mean 1.87 1.93 0.324 2.18 2.16 0.320
F lest - *h —h -l L E ] L
LSD 0.05 0.02 0.07 0.010 0.04 0.037 1 0.01
0.01 0.03 0.10 0.014 006 | DOST 0.22
Incculated
1.86 1.93 0.298 2.04 204 0.305
5 1.92 2.01 0.313 2.18 2.12 0.333
10 1.93 211, 0.325 2.30 2.25 0343
15 1.94 2.14 . 0.345 2.32 2.29 0.368
20 1.87 2186 0.400 2.42 2.35 0.388
Mean 1.92 2.07 0.336 2.25 2.21 0.347
F tes{ L33 -t -—n e X Le
LSD 0.05 0.02 0.06 0.018 0.04 0.03 0.019
0.01 0.03 0.09 0.017 0.06 005 | 0.021
Pxl [ ns NS N3 S NS | NS

On the other hand, in case of inoculated treatment, tabulated data
prove also that the use of 20 kg P,Os / fed was the best for all tested parts of
plants. The obtained values were 1.97, 2.42; 2,16, 2.35 and 0.400, 0.388%
for shoots at boating stage, grain and straw at maturity in the 1* and 2™
season, respectively. Furthermore, data in Table (9) show clearly that the
inoculation with P-dissoiving bacteria magnified the nitrogen content of wheat
plant organs as compared with uninoculated treatment under the phasphorus
application treatments. For example, the mean values of N% of grain, under
uninoculated treatment are 1.93 and 2.16% for the 1* and 2™ season. This
values are 2.07 and 2.21% under inoculation treatments.

Data presented in Table (10) clearly show that the increasing of P-
fertilization (P,Os) levels resulted in significant increases in P-content (%) in
wheat shoot at boating stage after 60 days of planting. The contents of
phosphorus were also increased in wheat grains and straw at matusity either
in case of uninoculated -or inoculated treatments. The maximum values of P-
contents were noticed under the treatments of 20 kg P,0s / fed either in case
of uninoculation or inoculation treatment. )

Regarding the data of non inoculated treatments, the values of P%
were 0.365, 0.428; 0.350, 0.400 and 0.118, 1.43 in the 1* and 2™ season for
wheat shoots at boating stage, grain and straw at maturity, respectively.
These values, on the other hand, become 0.398, 0.435; 0.355. 0.418 and
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0.125, 0.153 in the 1™ and 2" season for shoots at boating stage, grain and
straw at maturity, respectively, when wheal grains were inoculated before
planting by P-dissolving bacteria.

The increase of P content in different wheat plant organs due to
phosphorus fertilization may be attributed to the increase in soil available P
and consequently the high efficiency of the rools in absorbing various
nutrients inciuding phosphorus. Neeru et al. {2000) reported that the igher
levels of phosphorus in soil were associated with increase in N and P content
of plant. The observed increase was definitely due to the synergesting effect
between the examined bacterial groups in plant rhizosphere These finding
could be attributed to that phosphorus dissolving bacteria increased the
soluble phosphorus in root zone, so the plant absorb more P under the
inoculation treatments. These results are similar to those obtained by Saber
et al. (1981) and Singh and Kopoor {1999).

Tahile {10): Effect of phosphorus fertilization and bacterial inoculation
with Bacillus megatherium var. Phosphaticum on P content
{°%) of wheat plant.

0.0 First season Second season |
{kgf‘fesd) Boating | Grain Straw | Boating Grain ] Straw
stage |at maturity| at maturity | stage | at maturity fat maturity
Uninoculated
0 0.300 0.295 0.095 0.308 | 0320 0.105
5 0.310 0.305 0.103 0.325 0.343 0.118
10 0.323 0.320 0.108 0.340 0.350 0.123
15 0.345 0.338 0.115 0.367 0.378 0.128
210] 0.365 0.350 0.118 0.428 0.400 0.143
Mean 0.328 0.372 0.108 0.356 0.358 0.123
Flest R *w L2 h Ll W
15D 0.05 0.012 0.011 0.007 0.015 0.015 0.010
0.01 0.017 0.015 0.010 0.021 0.020 0.014
inocutated

0 0.310 0.305 0.105 0.315 0.338 0.113
5 0.345 0.318 0.108 0.340 0.343 0.125
10 0.353 0.328 0.115 0.345 0.358 0.135
15 0.385 0.343 0.123 0.405 0.395 0.140
B0 0.398 0.3565 0.125 0.435 0.418 0.153
Mean 0.358 0.329 0.115 0.368 0.370 0.133
F test " - e - e "t
LSD Q.05 0.018 0.012 0.008 0.015 0.014 0.009
0.01 0.022 0.017 0.012 0.021 0.020 Q.013
P x| S NS NS NS NS NS

Data presented in Table (11) reveal thatthe phosphorus fertilization
used for wheat plant resuited in significant increases of K% content in wheat
shoots at booting stage, grain and straw at maturity under uninoculated and
inoculated treatments. So the highest K% was achieved when P,Os added at
the rate of 20 kg P,Os / fed however the wheat grains before planting
inoculated or not but the values of K% was higher under inoculated

6365



Et-Agrodi, M.W.

treatments. The obtained values in case of uninoculated treatment are 2,01,
2.25; 0.755, 0.875 and 1.16, 1.42 in the 1* and 2" season for shoots at
boating stage, grain and straw at maturity, respectively. These values were
increased due to inocutation with P-dissolving bacteria to be 2.18, 2.33;
0.823, 0.893 and 1.23, 1.46 in the 1™ and 2" season for shoots at boating
stage, grain and straw at maturity, respectively, It is known that increasing
soiuble P in the root zone well increase the root system, so absorb more
nutrients. These results are in agreement with those obtained by Neeru et af.
{2000).

Table (11): Effect of phosphorus fertilization and bacterial inoculation
with Bacillus megatherium var. Phosphaticum on K content
{%) of wheat plant.

[ P.0s First season Becond season
{kg/fed) Boating Grain Straw Boating Grain Straw
stage at maturity | at maturity Stage at maturity |at maturi
Uninoculated
0 1.82 0.680 0.800 198 0.715 1.23
5 1.88 0.698 0.953 2.09 0.752 1.33
1o 1.89 0.728 1.01 2.14 0.798 1.35
15 1.92 0.737 1.1 2.19 0.850 1.39
20 2.01 0.755 1.16 225 0.875 1.42
ean 1.90 0.719 1.03 213 0.798 1.34
F lest L] -t LL] e LL} -
SD 0.05 0.08 0.027 0.050.07 0.06 0.032 0.020.03
.01 0.11 L 0.037 0.08 0.044
Inoculated
1.92 0.665 0.982 2.11 0.750 1.28
l5 2.06 0.702 1.08 2.18 0.808 134
10 212 0.750 1.14 222 0.838 1.35
15 2.2 0.792 1.18 2.28 0.863 1.42
20 2.18 0.823 1.23 2.33 0.883 1.48
Mean 208 0.746 1.12 2,22 0.830 1.37
Ftest rm - = e — -
$D 0.05 0.08 0.025 0.070.09 0.07 0.027 0.03
0.01 0.11 0.033 0.09 0.038 0.04
x] NS S NS$ NS NS NS )

Concerning the combination of the three elements, nitrogen,
phosphorus and potassium, many researchers in different countries revealed
that NPK have active role to increase grain yield and yield components. NPK
have also supreme effect on plant growth and hence affect grain yield, yield
components and grain quality as well. Nitrogen, phosphorus and potassium
are essential for wheat plants as well as they are basic for nucleic acid, NAD,
NADP, co-enzymes, ATP, meristemic cells of plants. nucleic proteins and
they are share through ATP in active amino acids to protein synthesis,

On the light of the obtained results. it can be, generaily, concluded that
the inoculating wheat plants Triticum aestivum L variety Sakha 69 cultivated
in clayey soil with an active bacterial strain as phosphate dissolver namely
Bacillus megatherium var. phosphaticum is of great importance. This lead to
significant increases in the biofertility of soil as well as the yield of the plant
growth. The biofertility of soil expressed in increasing the number of different
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bacterial groups in rhizosphere area. These groups are the phosphate
dissolving bacteria, the total viable bacteria, Rhizobium spp., Azotobacter
spp. and Azospiriftlum spp. These groups have active role in releasing
phosphorus in addition to the N,-fixation process and the degradation of the
organic materials by the enzymatic systems they nhave.

This can also take part in reducing the poliution of the soil from the
chemicals added every year. Furthermore, this also increased the yieid of
wheat and the nutritive value as well.
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