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ABSTRACT

_ A field experiment was conducted at Giza Ag-
ricultural Research Station, ARC, in 2005 and
2006 seasons to study the response of maize single
cross SC 123 to mineral phosphorus and bio-
fertilization under different irrigation intervals.
Treatments applied were three irrigation intervals
(14, 21 and 28 days), two rates of phosphorus (15
and 30 Kg P,0s / faddan*) in the form of calcium
super-phosphate (15.5 % P,0s) and uninoculation
or inoculation of seeds with bio-fertilizer “phos-
phorein”. Experimental design was spilt-plot,
" where irrigation intervals were assigned to the
main plots and phosphorein and phosphorus treat-
ments in the sub-plots. Prolenged irrigation inter-
val from 14 to 21 days did not affect most of the

studied growth and yield traits. However, increas- '

ing irrigation interval up to 28 days significantly
- reduced all the studied traits, except for proline
content, which was increased. Data also indicated
that raising the rate of phosphorus fertilizer from
15 to 30 kg P,Os per faddan induced significant
increases in plant height, dry weight of shoot /
plant, specific leaf weight, maximum quantum
- yield, ears weight / plant, lOO-gram weight, grains
and stover weights / plant as well as per faddan
(fad). Also; percentages of carbohydrates, total

* One faddan = 4200 m?
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*phosphorein.

sugars, crude protein and phosphorus in mature
grains were significantly increased as a result of
raising phosphorus fertilizer rate. Phosphorein
inoculation showed significant increases in all
growth and yield traits under investigation com-
pared with uninoculated grains. Bio-fertilizer
treatment induced significant increase of 22.69
and 21.78 % for grains yield/faddan and 28.28and
24.43 % for stover yield / faddan in the first and
second seasons, respectively. Also, total carbohy-
drates, total sugars, non-soluble carbohydrates,
crude protein and phosphorus in grains were sig-
nificantly increased in the second season by 6.21,
12.39, 4.67, 11.39 and 23.08 %, respectively. The
interaction between irrigation intervals and phos-
phorus fertilizer and / or bio-fertilizer revealed
significant effects on all growth and. yield traits
under investigation in both seasons. The maxi-
mum values of these traits were recorded when

“maize plants were irrigated every 14 days and re-
-ceived 30 kg P,Os / fad in the presence of phos-

phorein. The highest values for water consumptive .
use during the two growing seasons were recorded
when maize plants were irrigated every 14 days
and received 30 kg P,Os / fad in the presence of
Whereas, water use efficiency
reached its highest value with irrigation every 21
days. Irrigation every 21 days, to plants received
15 kg P,Os / fad in the presence of phosphorein is
considered the best treatment combination.

INTRODUCTION

Maize (Zea mays , L.) is orie_ of the most im-
portant cereal crops in Egypt and it ranks the third
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important cereal crop after wheat and rice. Water
supply is considered to be a limiting factor for
production and highly desirable to obtain high
yield of maize by using the best amount of irrigz -
tion water due to its sensitivity to drought. Insuffi-
cient water supply as a result of prolonging irriga-
<on intervals or decreasing the available moisture
in the soil clearly inhibits plant growth.

El-Noemani et al/ (1990) found that maize
plants exposed to water stress (irrigation every 18
days instead of 12 days) significantly inhibited
plant growth, ear length, ear diameter, ear weight,
number of grains / row, number of rows / ear,
1000 grains weight, grains and straw yields as
well as shelling percentage. Sinclair et al (1990)
stated that water deficits ar anthesis resulted in a
large decrease in accumulated biomass, which
resulted in turn a directly loss in grain yield of
maize. Mahrous (1991) found that increasing
irrigation interval from 15 to 21 days was not ef-
fective. Whereas, significant decreases in yield
traits were occurred at 28 and 35 days intervals.
Ibrahim et al (1992) reported that plant height,
total leaf area / plant, No. of ears / plant, grain
yield / plant and per faddan of maize were signifi-
- cantly increased with the decrease in irrigation
period. ,

Abu-Grab and Othman (1999) subjected
maize plants to drought at vegetative growth,
flowering or grain filling stages. The check treat-
ment was regularly irrigated. Drought at flowering
reduced grain yield by 34.39 % and stover yield
by 18.3 %. Khalifa et a/ (2002) found that relative
water content (RWC) of plant leaves was lower
under water stress than under normal irrigation.
Water stress resulted in a reduction in grain yield,
No. of ears / 100 plants, ear length and ear diame-
ter, No. of rows / ear, No. of kernels / row, 100 —
kernel weight and plant height. Abdel-Aziz and
El-Bialy (2004) reported that plant height, leaf
area, ear length, ear diameter, number of rows /
ear, ear weight, ear grain weight and 100-grain
weight of maize {Single cross 10) were decreased
under dry conditions of soil moisture (75 — 80 %).

Phosphorus is one of the major essential
macronutrients for plant growth and production.
Under Egyptian conditions, a great attention is
being devoted to reduce the higher rates of mineral
fertilizers by using bio-fertilized farming system.
Many investigators demonstrated that bio-
fertilization with phosphate dissolving micro-
organisms might be comparable to a treatment
with chemical phosphate fertilizer.

Ragab and Rashad (2003) observed that bio-
fertilizer inoculation treatment reduced proline
accumulation and increased total chlorophyll con-
tent in leaves of sorghum plants which were
grown under water stress and received half of rec-
ommended rate of phosphorus compared to con-
trol treatment. Rashad and Ragab (2003) indi-
cated that bio-fertilizer inoculation treatment led
to significant increases in leaf area and yield com-
ponents of sorghum under water stress and re-
ceived half of recommended rate of phosphorus
fertilizer compared to control treatment.

Therefore, the present investigation aimed to
study the enhancement effect of bio-fertilizer for
improving phosphorus use efficiency under differ-
ent irrigation intervals on growth, chlorophyll
fluorescence, leaf proline concentration, relative
water content percentage, grain yield and its at-
tributes as well as certain chemical contents in
grains of maize.

MATERIALS AND METHODS

The present investigation was carried out at
Giza Experimental Station, Agricultural Research
Center, during the two successive summer seasons
of 2005 and 2006 to study the effect of inoculation
with phosphate dissolving bacteria (PDB)’ and
mineral phosphorus fertilization under different
irrigation intervals on growth, grain yield and
some chemical constituents of maize single cross
123. Treatments were:
|. Three irrigation intervals (14, 21 and 28 days).
2. Two phosphorein (uninoculation and inocula-

tion) as well as two phosphorus rates (15 and

30 kg P,Os / fad).

Experimental design was split-plot with four
replications. Irrigation intervals were assigned in

- the main plots, whereas phosphorus rates and bio-

fertilizer treatments were in the sub-plots. Plots
were separated from each other to avoid the inter-
ference between irrigation treatments, 3.0 meter
beds were left among the main plots. Plot size was
1/200 faddan (6 x 3.5 m?), which included 6 rows,
5 m long and 70 cm apart. Hills were spaced 30
cm apart. Maize grains, two to three kernel / hill,
were hand planted on June 11 and 14 in the first
and second seasons, respectively. Thinning to one
plant per hill was done before the first irrigation,
which was applied 21 days after planting,

* Commercial product namely phosphorein, related by
Ministry of Agriculture, Giza, Egypt.
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Soil physical and chemical properties were con-
ducted according to Jackson (1967) and presented
in Table (1).

Irrigation treatments were applied after the sec-
ond irrigation. Calcium super phosphate (15.5 %
P,0y)- at the rate of 100 kg / fad (half of the rec-
ommended rate) or 200 kg / fad (recommended
rate) were added during seed bed preparation.
Maize grains were un-inoculated or inoculated
with bio-fertilizer phosphorein (Bacillus Sp.) at
the rate of 5 gm phosphorein / 100 gm grains be-
fore planting using Arabic gum (20 %) as an adhe-
sive agent. Nitrogen fertilizer, in the form of am-
monium nitrate  (33.5 % N), at the rate of 120 kg
N / fad was applied in two equal doses before the
first and second irrigations. Potassium fertilizer at
the rate of 50 kg / fad s pastassium sulphate (48 %
K,O) was added before the first irrigation. All
other cultural practices were carried out as rec-
ommended. )

Harvest was done on October 1 and 3 in the first
and second seasons, respectively.

Recording of data
I. Growth traits

At mid-silking (68 days after planting), five
individual plants were chosen from the second
row of each sub-plot to study the following meas-
urements:

1. Plant height (cm).

2. Number of full expanded green leaves per
plant.

3. Dry weight of shoot / plant (g), plant parts were
dried at 70°C using an electric oven until the
constant weight. ‘

4. Total leaf area/plant (cm?) according to Strick-
ler (1964) using the following formula:

Leaf area = leaf length x maximum leaf
width x 0.75

5. Specific leaf weight (SLW) in mg/cm’, accord-
ing to the fc!lowing formula of Hunt (1990):

SLW = leaf dry weight'/ leaf area.

11. Physiological traits

1. Chlorophyll fluorescence was determined in
the second season only, in the leaf just below

the main ear. Determination of the: maximum
quantum yield of photo-system 1I (PS 1I) was

made using Chlorophyll Fluorometer (OS - 30,
Opti — Sciences, Inc. USA.) of four plants in
each treatment by the formula according to
Maxwelil and Johnson (2000) as follows:

Fv / Fm = M
Fm
Where: -
F,/ F, is the maximal quantum efficiency of

PS 11 (M.Q.E.), F,, is the maximal chlorophyll
fluorescence and F, is the minimum chloro-
phyll fluorescence (in the dark).
‘After measuring chlorophyll fluorescence, the
same leaf was used to determine proline con-
centration and relative water content percent-
age (RWCE %).
2. Leaf proline concentration (LPC). in. mg /g
fresh weight (FW);
Proline was quantified spectrophotometrically
by the method of Bates et af (1973).
3. Relative water content percentage:
~ The used leaves were immediately weighed
(FW) then transferred to sealed flasks, then rehy-
drated in*water for S h until fully turgid at 4° C,
surface dried and reweighed (turgid weight, TW).
The leaf samples were then oven dried at 70° C for
48 h and reweighed (dry weight, DW) according
to Lazcano — Ferrat and Lovatt (1999). The
RWC % was calculated as follows:

(FW - DW)

e X 1)
(TW- DW)

RWC(%) =

1. Yield and yield components

At harvest, ten guarded plants were randomly
chosen from the third central row in each sub-plot
and the following plant traits were measured:

1. Ear length (cm). ‘

2. Ear diameter (cm).

3. Number of rows / ear.

4. Number of kernels / row.

5. Ears weight / plant (g).

6. 100 — grain weight (g).

7. Grains weight / plant (g).

8. Stover weight / plant (g).
At harvest, all plants in the fourth and fifth
rows in each sub-plot were harvested and ad-
justed to 15.5 % moisture to estimate:

9. Grain yield in ardab’ (ard) / fad.

10. Stover yield / fad (ton).

* One ardab = 140 kg.
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Table 1. Some physical and chemical properties of the experimental sites

Particle size distribution Opania Ec soil Available nutrients
Coarse  Fine ) Texture — er PH  Paste (ppm)
Silt  Clay  class extract
sand Sand Y y %
% o, ° o ds/m N p K
Clay
3.40 28.50 29.90 38.20 loam 1.64 7.6 0.62 49 8.9 486
Clay
2006 3.48 28.12 30.80 37.60 loam 1.58 7.4 0.68 52 9.2 481

1V- Chemical composition of maize grains

At harvest time, sample of mature grains (in
the second season only} was preparated to chemi-
cal analysis in three replicates. The following de-
terminations were conducted:

1. Total carbohydrates were determined as glu-
cose % according to Dubois et al (1956). ‘

2. Total sugars were determined by extraction
from dried grains with ethanol 80 %
(A.0.A.C., 1990).

3. Non-soluble carbohydrate was calculated as the
difference between the concentration of total
carbohydrate and total sugars.

4. Crude protein percentage was calculated by
multiplying total nitrogen percentage by 6.25
(A.O0.A.C., 1990).

5. Phosphorus percentage was determined col-
ourmetrically according to Moore and Chap-
man (1986).

V- Water Relations
1.  Water consumptive use (WCU)

Soil samples were taken with a regular auger at
planting time, just before and after 48 hours of
each irrigation and at harvest time for soil mois-
ture determination. Soil moisture constants i.e.
field moisture capacity (FMC), permanent wilting
point (PWP) were determined gravimetrically and
calculated on oven dry basis as: well as bulk den-
sity for the experimental sites and recorded as
shown in Table (2).

Water consumptive use for each irrigation
treatment was calculated via soil samples taken
from successive four layers from 0 - 15 cm. up to
depth 45 - 60 cm, depth of soil profile according
to (Israelsen and Hansen, 1962):

Where :

CU=Dx Bd x e;—¢,/100

CU : Water consumptive use (ET) in cm.

D : Soil layer depth ( cm ).
Bd : Bulk density (g/cm?®).

e, € : % Soil moisture content by weight before
and after irrigation; respectively. .

Table 2. Bulk density and some soil moisture con-

stants of the experimental site

Soil Bulk FMC PWP  Available
depth - density %, %, moisture

cm gm/em®  W/W  W/W %
0-15 1.14 34.50 16.50 18.00
15-30 1.20 32.00 1580 ~ 1620
30-45 1.18 29.40 14.90 14.50
45-60 1.23 26.50 13.40 13.10

2. Water use efficiency (WUE)

- Water use efficiency, in the present trial, is ex-
pressed as kg of maize grain produced due to the
consumption ofl cm water depth per taddan
Water use efficiency was calculated tor each irri-
gation treatment according to the formula de-
scribed by Pierre et al (1965) as follows:

WUE = grain yield (kg /fed) / seasonal water
consumptive in cm.

Statistical analysis

The estimated data were subjected to the ap-
propriate statistical analysis and means were com-
pared using LSD values at 5 % level of probability
(Snedecor and Cochran 1982).

Annals Agric. Sci., 52(2), 2007
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RESULTS AND DISCUSSION
1. Growth traits

Data presented in Tables (3 and 4) show the
effect of irrigation intervals, phosphorus and phos-
phorein on some growth traits of maize plant at
68 days after planting, including plant height,
number of green leaves / plant, dry weight of
shoot / plant, total leaf area / plant and specific
leaf weight.

Results clearly showed that prolonged irriga- .

tion intervals decreased the values of the previous
traits in both seasons. The reduction due to pro-
longing irrigation interval from 14 to 21 days was
insignificant, except for specific leaf weight.
However, prolonging interval to 28 days caused a
significant reduction in all investigated traits. Such
reduction was estimated by 12.87 and 15.60 % for
plant height, 8.33 and 5.80 % for number of leaves
/ plant, 28.69 and 30.47 % for dry weight of shoot
/ plant, 7.22 and 7.19 % for total leaf area / plant
and 16.85 and 12.15 % for specific leaf weight of
maize in the first and second seasons, respectively.
The obtained results are in agreement with those
reported by El-Noemani ef al (1990), Mahrous
(1991), Ibrahim et al (1992), Khalifa et al (2002)
and Abdel-Aziz and El-Bialy (2004). They stated
that increasing irrigation intervals significantly
decreased growth traits. In this connection,
Kozolowski (1988), found that extending the irri-
gation intervals more than 20 days caused a pro-
gressive and consistent increase in osmotic pres-
sure of the soil solution. This may resulted in a
decrease in synthesis of metabolites, translocation
of nutrients from soil to plants and within plants,
and cell division and elongation, and thus de-
creased the growth traits.

Data presented in Tables (3 and 4), revealed

that raising the rate of phosphorus fertilizer in-

duced significant increases of 5.90 and 8.21 % for
plant height, 6.44 and 10.51 % for dry weight of
shoot / plant and 7.48 and 3.27 % for specific leaf
weight of maize plant in the first and second sea-
sons, respectively.

The role of phosphorus as a major nutrient
element, where phosphorus compounds are of
absolute necessity for all living organisms, nu-
cleoproteins constituting the essential substances
of the cell and for cell division and development
of meristematic tissues. Thcte effects reflected on
vigorous vegetative growth such as plant height
and specific leaf weight. In this respect, Ha-
jabbasi and Schumacher (1994), showed that
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phosphorus deficiency severely reduced the leaf
area and biomass accumulation of maize plant.

Regarding the effect of bio-fertilizer, data in
Tables (3. and 4) indicated that inoculation of
grains with phosphorein had significant increase in
all investigated growth traits in both studied sea-
sons compared with plants obtained from uninocu-
lated grains. The beneficial effect of inoculation
with phosphate dissolving bacteria was mainly by
improving the release of P in the soil, which re-
flected in increasing P activity and growth pro-
moting substances produced by it. Bio-fertilizer
may lead to the activation of cell division and cell
enlargement and finally increasing the growth
parameters. The increments in growth traits of
maize plant due to bio-fertilization treatment were
16.29 and 14.57 % for plant height, 3.72 and 3.03
% for number of leaves / plant, 15.78 and 13.72
for dry weight of shoot / plant, 4.85 and 4.62 %
for leaves area / plant, and 7.71 and 12.85 % for
specific leaf weight in the first and second sea-
sons, respectively.

Hassan ef al ( 2006 ) stated that the enhancing
effect of bio-fertilizer on growth traits in plants
may be attributed to many factors such as (a) its
ability to release plant promoting substances,
mainly Indole acetic acid (1AA), Gibberellic acid
(GA;) and cytokinin, like substances, which might
be stimulated plant growth, (b) synthesis of some
vitamins: e.g., B, (c) increasing amino acids con-
tent (d) ehhancing the production of biologically
active fungistatical substances which may change
the micro-flora in the rhizosphere and affect the
balance between harmful and ' beneficial organ-
isms, (e) increasing water and minerals uptake
from soil. This might be ascribed to’increasing
root surface area, root hairs and root elongation as
affected by bio-fertilizer.

The interaction between phosphorus fertilizer
and bio-fertilizer revealed significant effects on
plant height, shoot dry weight / plant, leaf area /
plant and specific leaf weight. Increasing the
phosphorus rate either by using bio-fertilizer or
mineral fertilizer induced significant increases in
most growth traits in both seasons. The increases
in growth traits were more pronounced in the pres-
ence of bio-fertilizer. In this connection, Rashad
and Ragab (2003) on sorghum plants reported
that plant height and dry weight of leaves in-
creased significantly by using bio-fertilizer under
different levels of mineral fertilizers. They stated
that bio-fertilizer saved about 25 to 50 % of the
used mineral fertilizers especially phosphorus.

Annals Agric. Sci., 52(2), 2007
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Table 3. Growth traits of maize at the age of 68 days as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under different irrigation
mtervals in 2005 season

Plant height Ho. of Waves/ filin Dry weight of shoot / plant Total Leaf a;-ea / plant Specific leal vzmght
Irrigation Phosnb (cm) (2) (cm”) (mg / cm?)
interval (:gs '; f:;;ls Bio-fertilizer Bio-fertilizer Bio-fertilizer Blo—fcnlllzer Bio-fertilizer
(days) inoculation Mean inoculation Mesr inoculation Mean inoculati Mean inoculation Mean
Non Inoculation Non Inoculation Non Inoculation Non Inoculation Non  Inoculation
15 209.75 235.25 222.50 16.00 16.50 16.25 148.54 168.49 15852 8335 9041 8688 4.96 537 s.17
14 30 211.75 240.75 226.25 16.25 17.00 16.63 154.99 173.24 164.12 8379 9147 8763 5.61 5.89 575
Mean 210.75 238.00 224.38 16.13 16.75 16.44 151.77 170.87 161.32 8357 9094 8726 5.29 5.63 5.46
15 180.25 228.50 204.38 15.75 16.25 16.00 139.86 156.65 14826 8229 8592 8411 4.62 5.12 4.87
21 30 202.00 229.25 215.63 16.00 16.50 16.25 148.52 160.68 154.60 8275 8754 8515 4.89 5.22 5.06
Mean 191.13 228.88 210.01 15.88 16.38 16.13 144.19 158.67 151.43 8252 8673 8463 4.76 s.17 4.97
15 160.54 209.40 184.97 14.50 15.25 14.88 90.15 125.15 107.65 7958 8009 7984 421 4.56 4.39
28 30 200.60 211.50 206.05 15.00 15.50 15.25 110.95 133.87 12241 8194 8221 8208 450 4.88 4.69
Mean 180.57 210.45 195.51 14.75 15.38 15.07 100.55 129.51 115.03 8076 8115 8096 4.36 4.72 4.54
15 183.51 224 .38 203.95 15.42 16.00 15.71 126.18 150.10 138.14 8174 8547 8361 4.60 5.02 4.81
Mean
30 204.78 ‘u227,l7 215.98 15.75 16.33 16.04 138.15 15593 147.04 8283 8707 8495 5.00 533 517
Bio-fertilizer mean 194.15 225.78 209.97 15.59 16.17 15.88 132.17 153.02 14259 8228 8627 8428 4.80 5.17 4.99
L.S.D. (0.05) For: L
Irrigation (1)) 18.80 1.29 13.17 510 0.36
Phosphorus  (P) & NS ® NS Wk
Bio-fertilizer (B) Ll * aa » "
PxB 13.26 . NS 9.29 360 0.22
I K 16.24 » 1.12 11.38 435 0.31
I xB 16.24 1.12 11.38 435 0.31
I x PxB 22.96 1.58 16.08 623 0.44

¢, ** and NS indicate significant at 0.05, 0.01 and insignificant. respectively.

0LS
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Table 4. Growth traits of maize at the age of 68 days as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under different irrigation
intervals in 2006 season

el Plant height No: ofheaves Fplaiit Dry weight of shoot / plant Total Leaf a:ea / plant Specific leaf \zvelghl
Li rigation Phosphorus (cm) (®) (cm’) (“‘-g/ cm’)
interval (kg'/)fa d) Bio-fertilizer Bio-fertitizer Bio-fertilizer Bio-fertilizer Bio-fertilizer
(days) inoculati Mean inoculation Mean inoculati Mean inoc lati Mean inoculaiton Mean
Non Inoc lat Non  Inozulati Non Inoculation Non Inoculation Non Inoculation
15 231.50 250.50 241.00 17.0 17.5 17.28 163.28 176.45 169.87 8806 9493 9150 495 559 5.27
14 30 233.50 255.50 244.50 17.0 17.5 17.25 171.12 184.14 177.63 8881 9596 9238 5.04 5.80 5.42
Mean 232.50 253.00 242.75 17.0 17.5 17.25 167.20 180.30 173.75 8844 9544 9194 5.00 5.70 5.35
15 181.00 235.50 208.25 16.5 17.0 16.75 145.05 160.54 152.80 8655 8947 8801 448 5.03 4.76
21 30 221.00 245.50 233.25 16.5 17.0 16.75 165.26 181.72 173.49 8715 9147 8931 465 528 4.97
Mean 201.00 240.50 . 220.78 16.5 17.0 16.75 155.16 171.13 163.18 8685 9047 8866 457 S.16 4.87
15 170.00 215.50 192.75 16.0 16.5 16.25 95.70 128.67 112.19 8324 8483 8404 436 492 4.64
28 30 209.00 225.00 217.00 16.0 16.5 16.28 116.18 142.65 129.42 8603 8722 8662 4.50 4.99 4.75
Mean 189.50 220.28 204.88 16.0 16.5 16.25 105.94 135.66 120.81 8464 8602 8533 443 4.96 4.70
15 194.17 233.83 214.00 16.5 17.0 16.75 134.68 155.22 144.95 8595 8974 8785 4.60 5.18 4.89
Mean ¥ -
30 221.17 24200 231.58 16.5 17.0 16.75 150.85 169.50 160.18 8733 9155 8944 473 536 5.05
Bio-fertilizer MEAN 207.67 237.92 222.79 16.5 17.0 16.75 142.77 162.36 152.57 8664 9064 8864 4.67 5.27 4.97
L.S.D. (0.05) For:
Irrigation ()] 2258 0.79 14.29 538 0.37
Phosphorus  (P) n NS ¥ NS L
Bio-fertilizer (B) £ = = = =
PxB 15.53. NS 10.78 380 0.23
IxP 19.20° 0.74 12.56 460 0.32
I xB 19.20 0.74 12.56 460 0.32
1 x PxB 27.03 0.97 17.45 694 0.45

*, ** and NS indicate significamt at 0.05. 0.01 and insignificant. respectively.
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Concerning the interaction between irrigation
intervals and phosphorus fertilizer, it had signifi-
cant effects on all growth traits under investiga-
tion. However, results indicated that increasing
irrigation interval from 14 to 21 days at the high
rate of phosphorus fertilizer (30 kg P,Os / fad)
showed no signiiicant effect on all studied traits
except specific leaf weight in both seasons. How-
ever, prolonging irrigation interval up to 28 days
caused a significant reduction in all traits. On the
contrary, increasing irrigation interval from 14 to
28 days induced significant reduction in all traits
under the low rate of phosphorus.

The interaction effect between irrigation inter-
vais and bio-fertilizer revealed significant effects
on all growth traits in both seasons. At the same
irrigation interval plant height, dry weight of shoot
/ plant and specific leaf weight were remarkably
increased with bio-fertilizer. Increasing irrigation
interval from 14 to 21 days increased plant height
to different extents with and without bio-fertilizer.
This increase in plant height did not reach the sig-
nificant level with the inoculation of bio-fertilizer.

The interaction among the three studied factors
(irrigation intervals x phosphorus rates x bio-
fertilizer) proved significant effects on all growth
traits in both seasons Tables (3 and 4). The high-
est values of all traits were obtained when maize

plants irrigated every 14 days, received 30 kg P,Os

/ fad, and treated with bio-fertilizer.

It is evident that increasing phosphorus fertil-
izer either by using bio-fertilizer or mineral phos-
phorus induced significant increases in most
growth traits at the same iirigation interval. It is
" worth to note that using bio-fertilizer with the low
rate of mineral phosphorus increased the studied
growth traits to the level or even higher than that
increases obtained with the high rate of mineral
fertilizer. This means that the recommended rate
of mineral phosphorus could be reduced to the half
by adopting the technique of bio-fertilizer inocula-
tion "phosphorein". In other words, phosphorus
bio-fertilizer could substitute half of the .recom-
mended rate of phosphorus fertilizer. This reflects
directly on reducing fertilizer cost and decreased
the environmental pollution.

11. Physiological traits

Chlorophyll fluorescence, leaf proline concen-
tration (LPC) and relative water content percent-
age (RWC %) were considered as physiological
indicators for the plant status under water stress
treatments.

Data presented in Table (5), show that increas-
ing irrigation intervals significantly decreased
chlorophyll fluorescence and RWC %, but in-
creased LPC. Prolonged irrigation intervals from
14 to 21 or 28 days caused significant reduction of
9.49 and 28.86 % for maximum quantum yield
(MQY) of maize plants in the second season; re-
spectively. In this connection, Rohacek and
Bartak (1999), Maxwell and Johnson (2000),
Hunt (2003) and Manetas (2004) reported that
chlorophyll fluorescence is very useful to study
the effect of water stress on plants since photosyn-
thesis is often reduced in plants experiencing ad-
verse conditions. The reduction value of this quan-
tum yield of photosynthesis indicated damage of
PS II that may have arisen from the environmental
factors or the application of inhibitors. Worthy to
mention that raising the rate of phosphorus ferti-
izer from 50 to 100 % of the recommended rate
resulted in a significant increase of 8.64 % in
maximum quantum yield of maize plants.

Regarding the effect of bio-fertilizer, leaves of
maize plants obtained from inoculated grains with
phosphorein had 22.26 % more level of MQY than
those obtained from uninoculated grains. All in-
teractions were significantly aftected chlorophyll
fluorescence. The highest value was obtained
when maize plants were irrigated at 14 days inter-
val and received the recommended dose of phos-
phorus in the presence of bio-fertilizer.

Results presented in Table (5), indicate that
prolonged irrigation intervals from 14 to 21 or 28
days caused significant increase of 45.57 and
83.30 % for leaf proline concentration; respec-
tively. These results are similar with those ob-
tained by Voetberg and Sharp (1991), Lazcano—
Ferrat and Lovatt (1999), Khalifa et a/ (2002)

and Ragab and Rashad (2003). They suggested

that proline is the most actively accumulated
amino acid, both in terms of the total amount ac-
cumulated and”.the percentage which, increases
during drought stress.

It is confirmed that neither phosphorus nor bio-
fertilizer inoculation had any significant effect on
LPC.

Statistical analysis revealed that the interaction
between irrigation intervals, phosphorus fertilizer
and bio-fertilizer had a significant effect on leaf
proline content and the lowest value was obtained
when maize plants irrigated at 14 days intervals
and received the recommended dose of phospho-
rus in the presence of bio-fertilizer.
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Table 5. Chlorophyll fluorescence, leaf proline concentration and relative water content of maize at the age of 68 days as affected by the bio-fertilizer
phosphorein and phosphorus fertilizer under different irrigation intervals in 2006 season

Leaf proline concentration

$19Z11149) 0} asuodsal dZIB\

l H t' - s o £ -
:;:%:vl:ln Phosplibrus Maximum quantum yield (mg/ gf.w) Relative water content %
d (kg / fad) Bio-fertilizer inoculation Bio-fertilizer inoculation " Bio-fertilizer inoculation
(days) - Mean - Mean . Mean
Non Inoculation Non Inoculation Non Inoculation
15 0.634 0.884 0.759 0.713 0.557 0.635 86.385 88.530 87.458
14 ' 30 0.746 0.896 0.821 0.554 0.473 0.514 87.131 88.857 87.994
Mean 0.690 0.890 0.790 0.634 0.515 0.575 86.758 88.694 87.726
15 0.602 0.745 0.674 0.893 0.855 0.874 81.764 83.076 82.420
21 30 0.656 0.854 0.755 0.827 0.773 0.800 82.974 85.606 84.290
Mean 0.629 0.800 0.715 0.860 0.814 0.837 82.369 84.341 83.355
15 0.538 . 0.558 0.548 1.109 1.066 1.088 76.264 79.576 77.920
26 30 0.541 0.611 0.576 1.056 . ~0.981 1.019 77.974 80.106. 79.040
Mean 0.540 0.585 0.562 1.083 '1.024 1.054 77.119 79.841 78.480
M 15 0.591 0.729 0.660 0.905 0.826 0.866 81.471 83.727 82.599
ean
30 0.648 0.787 0.717 - 0.812 0.742 0.777 82.693 84.856 83.775
Bio-fertilizer mean *7.0.620 0.758 0.689 0.859 0.784 0.822 82.082 84.292 83.187
L.S.D. (0.05) For: ‘
Irrigation (1)’ 0.044 0.186 3.014
Phosphorus (P) » _ NS NS
Bio-fertilizer (B) *x O NS NS
Px B : 0.055 NS NS
| 0.060 0.254 4.16
I xB 0.060: 0.254 4.16 -
F NP x B 0.086"- - 0.365 : 5.895

*, ** and NS indicate significant at 0.05, 0.01 and insignificant, respectively.
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As shown from the data presented in Table
(5), prolonged irrigation intervals from 14 to 21 or
28 days decreased relative water content of maize
leaf by 4.98 and 10.54 %, respectively. However,
raising phosphorus fertilizer or inoculated grains

with bio-fertilizer did not exhibit any significant

effect on this trait.

The interaction effect between phosphorus fer-
tilizer and bio-fertilizer was not significant on
RWC %. Irrigation x phosphorus x bio-fertilizer
interaction had significant effect on RWC %. The
highest value was obtained from plants obtained
from inoculated grains ‘with phosphorein and re-
ceived the recommended rate of phosphorus under
14 days water interval.

In this respect, Matin et al (1989), Lazcano—
Ferrat and Lovatt (1999) and Khalifa er al/
(2002), reported that RWC represents the leaf
plant water status, it was decreased from nearly
100 % at turgid state to become less according to
water scarcity. in the surrounding plant environ-
ment.

111. Yield and yield components

Data presented in Tables (6, 7, 8, 9 and 10),
reveal that prolonged irrigation intervals, de-
creased all investigated yield traits of maize in
both studied seasons.

Generally, the same trend was observed in the
both seasons, the reduction in some traits such as
ear length, ear diameter, number of rows / ear and
grains weight / plant was not significant when
plants were irrigated every 21 days compared to
plants irrigated every 14 days. While, irrigation
every 28 days produced significantly lower values
than the irrigation every 14 days.

It is realized that increasing irrigation interval

from 14 to 28 days brought about significant de-
crease of 10.47 and 11.11 % for ear length, 7.68
and 6.62 % for ear diameter, 9.70 and 11.53 % for
No. of rows / ear, 17.09 and 14.79 % for No. of
kernels/ ear , 38.80 and 36.34 % for ears weight /
plant , 21.57 and 21.56 % for 100 — grain weight,
36.76 and 33.10 % for grains weight / plant, 33.13
and 34.55 % for stover weight / plant, 33.08 and
32.78 % for grains yield / fad, and 14.98 and 19.92
% for stover yield / fad in the first and second sea-
sons, respectively. These results are in agreement
with the findings of £:—Noemani et al (1990),
Mahrous (1991), Ibrahim et al (1992), Abu-
Grab and Othman (1999), Khalifa ez al/ (2002)
and Abdel Aziz and El-Bialy (2004). It should be
mentioned that water stress markedly reduced

physiological processes due to the reduction in
water availability, which led to inhibition in pho-
tosynthetic activities of maize plants. Therefore,
the whole plant growth and grain yjeld are af-
fected.

Significant increase in ears weight / plant, 100
grain weight, grains and stover weights / plant,
grains and stover yields / fad in both studied sea-
sons were detected when phosphorus fertilizer was
raised from 50 to 100 % of the recommended rate.
Worthy to note that raising the rate of phosphorus
fertilizer induced significant increase of 10.86 and
10.53 % for ears weight / plant, 4.23 and 3.96 %
for 100 — grain weight, 8.89 and 9.31 % for grain
weight / plant, 7.08 and 7.61 % for stover weight /
plant, 8.37 and 8.75 % for grains yield / fad, and
9.07 and 8.84 % for stover yield / faddan in the
first and second seasons, respectively. -

The present findings are in harmony with those

“reported by Rashad and Ragab (2003) on sor-

ghum. They observed that grains and straw yields
were significantly increased with increasing phos-
phorus fertilizer rates.

Regarding the effect of bio-fertilizer, results in
Tables (6, 7, 8, 9 and 10) clearly show that maize
plants obtained from bio-fertilized grains with
phosphorein gave significant increases in all yield
traits under investigation in both studied seasons
compared with plants, which obtained from
uninoculated grains. The increments in yield traits
due to bio-fertilization treatment were 13.78 and
9.54 % for ear length, 6.34 and 6.39 % for ear
diameter, 9.19 and 9.63 % for number of rows /
ear, 7.62 and 7.47 % for number of Kernels / row,
21.81 and 19.64 % for ears weight / plant, 7.16
and 6.45 % for 100 — grain weight, 20.53 and
18.76 % for grains weight / plant, 19.92 and 16.89
% for stover weight / plant, 22.69 and 21.78 % for
grains yield / fad and 28.28 and 24.43 % for stover
yield / faddan in the first and second seasons, re-
spectively. The beneficial effect of bio-fertilizer
on grain yield and its components might be attrib-
uted to the vigorous growth of bio-fertilized plants
and to the increase. in the amount of metabolites
synthesis of these plants as well as to the role of
bio-fertilizer in improving the absorption of the
nutrients especially P, Fe, Zn, Mn and Cu which
play important role in activation of the metabolic
processes (Mohamed, 2000). The present results
are in line with those reported by Rashad and
Ragab (2003) on sorghum.

The effect of all studied interactions were sig-
nificant on all investigated traits with two excep-
tions, i.e ear diameter and number of rows/ear.
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Table 6. Ear lengfh and ear diameter of maize as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under different irrigation intervals in 2005

and 2006 seasons

Ear length (cm) Ear diameter (cm)
Irrigation 2005 2006 2005 2006
- Phosph
interval. FO0® T Bio-fertilizer Bio-fertilizer Bio-fertilizer Bio-fertilizer
(days) ) inoculation Mean inoculation ca inoculation Mean inoculation Mean
Non Inoculation Non Inoculation Non  Inoculation Non Inoculation
15 18.25 20.00 19.13 19.20 21.20 2020 430 4.60 4.45 443 483 4.63
14 30 18.50 20.00 19.25  20.30 22.10 21.20 455 478 4.67 4.53 493 4.73
Mean 18.38 20.00 19.19 19.75 21.65 20.70 4.43 4.69 4.56 4.48 4.88 4.68
15 16.75 19.25 18.00 18.67 20.80 19.74 420 4.58 4.39 4.33 4.60 4.47
21 30 17.50 19.75 18.63 20.13 21.20 20.67 430 4.60 445 443 4.70 4.57
Mean 17.13 19.50 18.32  19.40 21.00 2020 4.25 4.59 4.42 4.38 4.65 4.52
15 15.10 18.20 1665 16.90 19.03 1797 4.07 4.20 4.14 4.27 4.40 4.34
28 30 16.20 19.20 17.70 18.00 19.67 1884 4.15 4.40 4.28 4.30 4.47 4.39
Mean 15.65 18.70 17.18 1745 19.35 18.40 4.11 4.30 4.21 4.29 4.44 4.37
M 15 16.70 19.15 17.93 18.26 20.34 1930 4.19 4.46 4.33 434 4.61 4.48
ean 4
30 17.40 19.65 1853 1948 20.99 20.24 4.33 4.59 4.46 4.42 4.70 4.56
Bio-fertilizer mean 17.05 19.40 18.23 18.87 20.67 19.77 4.26 4.53 4.40 4.38 4.66 4.52
L.S.D. (0.05) For: '
Irrigation (1) 1.23 1.33 0.32 0.33
Phosphorus  (P) NS NS NS . NS
Bio-fertilizer (B) A i N L
PxB 1.42 1.54 . NS NS
I’ x P 1.60 1.73 0.43 0.45
I xB 1.60 1.73 0.43 0.45
I xPxB 2.26 2.44 0.61 0.63

* . ** and NS indicate significant at 0.05, 0.01 @nd insignificant, respectively.
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Table 7. Number of rows/ear and number of kernels/row of maize as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under
different irrigation intervals in 2005 and 2006 seasons :

9LS
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No. of rows / ear ) No. of kernels / row
Irrigation 2005 2000 2005 2006
S Phosph 5
interval (,:’gs y r:;;’s Bio-fertilizer Bio-fertilizer Bio-fertilizer Bio-fertilizer
(days) inoculation Mean inoculation Meaun inoculation Mean inoculation Mean
Non Inoculation Non Inoculation Non Inoculation Non Inoculation
15 12..50 14.00 13.25 12.67 1433 13.50 41.75 4325 42.50 41.67 44.67 43.17
14 30 13.00 14.50 13.75 1333 14.83 14.08 4250 43.75 42.13 42.00 4533 43.67
Mean 12.75 14.25 1350 13.00 14.58 13.79  42.13 43.50 42.82 41.84 45.00 43.42
15 12.00 13.25 1263 12.00 1333 12.67 37.75 42.50 40.13 4033 42.67 41.50
21 30 12.75 13.50 13.12 1250 13.67 13.09 3775 43.00 40.38 4033 44.67 42.50
Mean 12.38 13.38 1288 12.25 13.50 12.88 37.75 42.75 40.25 40.33 43.67 42.00
15 11.50 12.50 12.00 11.33 12.47 11.90 33.00 36.00 34.50 35.00 38.00 36.50
28 30 12‘.00 12.75 1238 1233 12.67 12.50 35.67 37.33 36.50 36.67 3833 37.50
" Mean 11.78 12.63 12.19 1183 12.57 1220 34.34 36.67 3550 3584 38.17 37.00
da 15 12.00 13.25 12.63 12.00 13.38 12.69 37.50 40.75 39.13 39.00 © 41.78 40.39
ean
30 v12.58 13.58 13.08 12.72 13.72 1322 38.64 41.19 39.92 39.67 42.78 41.22
Bio-fertilizer mean 12.29 13.42 12.86 12.36 . 13.55 12.96 38.07 40.97 39.52 39.34 42.28 40.81
L.S.D. (0.05) For:
Irrigation (H 0.82 1.79 2.35 2.43
Phosphorus  (P) NS NS NS NS
Bio-fertilizer (B) . ot * L *k
PxB ; NS NS 2.72 ) 2.81
1 xP ; 1.07 1.08 3.21 3.32
I xB 1.07 . 1.08 3.21 3.32
I x PxB 1.51 1.53 4.33 4.48

* ., ** and NS indicate significant at 0.05. 0.01 and insignificant. respectively
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Tablie 8. Ears weight / plant and 100-grain weight of maize as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under differ-

ent lmgatlon intervals in 2005 and 2006 seasons

SI9ZI[1U9) 0} asuodsal szie

Ears weight / plant 100-grain weight
st _®
':;E‘::’"' Phosphorus 2005 ' 2006 2005 2006
(days) (kg / fad) Bio-fertilizer Bio-fertilizer Bio-fertilizer Bio-fertilizer
inoculation Mean inoculation _ Mean inoculation Mean inoculation Mean
Non Inoculation Non Inoculation Non Inoculation Non Inoculation
15 275.04 345.38 31021 28131 347.61 314.46 -~ 40.18 41.33 40.76  41.29 4224 41.77
14 30 313.85 - 377.88 34587  326.02 380.25 353.14 4059 43.06 41.83 41.84 43.85 42.85
Mean 294.45 361.63 328.04  303.67 363.93 333.80 40.39 42.20 4130 4157 43.05 42.31
15 262.20 302.87 28254 271.86 309.28 29057 3713 40.31 3872 3764 40.88 39.26
21 30 268.52 315.45 29198 279.18 322.12 300.65 37.98 41.39 39.69 3850 4194 40.22
Mean 265.36 309.16 287.26  275.52 315.70 295.61  37.56 40.85 39.21  38.07 41.41 39.74
15 16242, . 200.05 181.24 17353 216.02 194.78  29:81 3235 31.08 3096 3297 31.97
28 30 189.57 250.93 22025  201.33 259.12 23023 3224 35.15 33.70  33.01 35.80 34.41
‘Mean 176.00 225.49 200.75 18743 237.57 212.50 31.03 33.75 3239 3199 34.39 33.19
15 233.22 282.77 258.00 24223 290.97 266.60  35.71 38.00 3685 3563 38.70 37.67
Mean - :
30 25:i.3l 314.75 28603  268.84 320.50 29467  36.94 39.87 3841 37.78-- 4053 39.16
Bio-fertilizer mean 245.27 298.76 272.02 255.54 305.73 280.64 36.33 38.93 37.63 37.21 39.61 ‘37.21
L.S.D. (0.05) For: ' e
Irrigation (1) 31.76 33.31 1.59 1.62
Phosphorus  (P). » o » &
Bio-fertilizer (B) s e ot e b
PxB " 36.80 38.59 1.85 1.88
I xP 42.39 44.46 2.06 2.10
I xB 42.39 44.46 2.06 2.10
1 xPxB §3.48 56.09 2.86 - 2.91

* . ** Indicate significant at 0.05 and 0.01, respectively

LLS



Table 9. Grain weight / plant and stover weight / plant of maize as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under differ-
ent irrigation intervals in 2005 and 2006 seasons ' '

8LS
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Grain weight / plant (g) : Stover weight / plant (g)
lrngat'lon Phosphorus i ?005 i i 2006 i i 2005 2006
interval (kg / fad) Bio-fertilizer Bio-fertilizer inocula- Bio-fertilizer inocula- Bio-fertilizer inoculation
(days) inoculation Mean tion Mean tion Mean Mean
Non Inoculation Non Inoculation Non Inoculation Non Inoculation
15 183.87 209.56 196.72 188.64 21328 200.96 645.98 752.43 699.21 698.80 787.40 743.10
14 30 20145 211.59 206.52  208.39 217.50 212.95 697.38 787.19 742.29 769.50 84628 807.89
Mean 192.66 210.58 201.62 198.52 215.39 206.96 671.68 769.81 720.75 734.15 816.84 775.50
15 165.88 202.05 183.97 171.09 206.91 189.00 557.47 690.84 624.16 594.30 707.80 651.05
21 30 168.75 207.52 188.14 176.97 210.51 193.74 626.98 716.64 671.81 654.70 746.22 700.46
Mean 167.32 204.79 186.06 174.03 208.71 191.37 5§92.23 703.74 647.99 624.50 727.01 675.76
15 103.93 121.19 112.56 113.78 132.12 122.95 390.89 537.10 463.99 428.50 557.26 492.88
28 30 11053 17435 142.44 122.62 185.29 153.96 44729 552.44 499.87 466.70 577.70 522.20
Mean 107.23 147.77 127.50 118.20 158.71 138.46 419.09 544.77 481.93 447.60 567.48 507.54
15 151.23 177.60 164.42 157.84 184.10 170.97 531.45 660.12 595.79 573.87 684.15 629.01
Mean
30 160.24 197 .82 179.03 169.33 204 43 186.88 590.55 685.42 637.99 630.30 723.40 676.85
Bio-fertilizer mean 155.74 187.71 171.73 163.58 194.27 178.93 561.00 672.77 616.89 602.08 703.78 652.93
L.S.D. (0.05) For:
Irrigation )] 22.07 23.08 33.15 34.52
Phosphorus  (P) * * ik xe
Bio-fertihzer (B) e % * w

PxB . 25.57 26.74 38.67 40.27

I x P - 28.67 29.94 45.74 48.09

I xB ©28.67 29.94 45,74 48.09

I xPxB 38.34 50.00 61.04 63.58

. ** Indicate simificant at 0.05 and 0.01. respectively.
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Table 10. Grain yield (ard / fad) and stover yield (ton / fad) of maize as affected by the bio-fertilizer phosphorein and phosphorus fertilizer
‘ under different irrigation intervals in 2005 and 2006 seasons ‘

$19Z1[1113} 0} 9suodsal szZIejy

Grain yield (ard / fidd) Stover yield (ton / fad)
rigati :
'ifmfz::"ﬂ Pidsphoriis 2005 . 2006 2005 2006 »
(days) (kg / fad) Bio-fertilizer Bio-fertilizer Bio-fertilizer Bio-fertilizer
inoculation Mean insculation Mean inoculation Mean inoculation Mesn
Non Inoculation Non Inoculation Non Inoculation Non Inoculation
15 22.73 27.01 24.87 2393 28.25 26.09 9.38 13.09 11.24 10.03 13.65 11.84
14 30 23.54 27.90 25.72 24.85 29.46 27.18 10.73 14.29 12.51 11.52 14.98 13.25
Mean 23.14 27.46 25.30 24.39 28.86 26.63 10.06 13.69 11.88 10.78 14.32 12.58
I5 19.11 24 31 21.71 1984 24385 22.35 9.04 12.61 10.83 9.55 12.61 11.08
21 30 21.21 25.01 23.11 2195 2596 23.96 10.29 12.90 11.60 10.58 12.95 11.77
Mean 20.16 24.66 22.41 20.90 25.41 23.16 9.67 12.76 11.22 10.07 12.78 11.43
15 13.15 17.78 1547 14.22 18.56 16.39 8.76 10.59 9.68 9.12 10.22 9.67
28 30 16.34 20.43 18.39 17.26 21.53 19.40 9.93 11.10 10.52 9.81 11.04 10.43
Mean 14.75 19.11 16.93 15.74 20.05 17.90 935 10.85 10.10 9.47 10.63 10.05
M 15 18.33 23.03 20.68 19.33 23.89 21.61 9.06 12.10 10.58 9.57 12.16 10.86
ean .
30 20.36 24 45 22.41 21.35 25.65 23.50 10.32 12.76 11.54 10.64 1299 11.82
Bio-fertilizer mean . 19.35 23.74 21.55 20.34 24.77 22.56 9.69 12.43 11.06 10.11 12.58 11.34
L.S.D. (0.05) For:
Irrigation ) 0.95 1.00 0.60 0.62
Phosphorus (p) L1 L1 "k L]
Bio-fertilizer (B) R LA L L
PxB L2 ’ 1.18 0.70 0.72
IxP ) 1.29 1.36 0.83 0.86
I xB . 1.29 . 1.36 : 0.83 0.86
I x PxB 1.78 ) 1.87 111 1.18

*, ** Indicate significant at 0.05 and 0.0, respéctively.
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In respect to the interaction between phosphorus
fertilizer and bio-fertilizer results revealed that
increasing P either by using bio-fertilizer or rais-
ing the rate of phosphorus induced significant in-
creases in both seasons. To save time and space
the discussion here will be mainly concerned on
both grain and stover yields / fad. The highest
values of such traits were obtained from plants
treated with bio-fertilizer and fertilized with the
highest rate of phosphorus.

The increases in both grain and stover yields /
fad due to the increases in P rate were more pro-
nounced in the absence of bio-fertilizer. In respect
to the effect of interactions between irrigation in-
tervals and phosphorus fertilizer (mineral or bio-
fertilizer) revealed significant effects on yield and
yield components under study in both seasons.
Maximum values of these traits were recorded
with the high rate of mineral phosphorus in the
presence of bio-fertilizer under the 14 days of irri-
gation interval,

1V. Chemical constituent of maize grains

The following traits were determined in the
second season only

1. Total carbohydrates content

Prolonged irrigation intervals from 14 to 21 or
28 days had a significant reduction of 8.76 and
14.47 % respectively, for the percentage of carbo-
hydrates in maize grains (Table 11). Similar re-
sults on maize plant were obtained by El-Kalla et
al (1985). They explained such result as a water
shortage caused stomatal closure and this in turn
prevents CO, diffusion into the air inside the tis-
sue of plants and consequently the photosynthetic
efficiency became low. In this respect Abdel -
Aziz and El-Bialy (2004) on maize found similar
results.

Regarding the effect of phosphorus fertilizer,
data revealed that increasing phosphorus fertilizer
from 50 to 100 %. of the recommended rate in-
duced significant increase of 3.79 % in total car-
bohydrates content of maize grains. The same
trend was observed by Abdo (2003), who men-
tioned that soil application of P (7.75 or 15.5 kg
P,Os / fad) showed significant increase in carbo-
hydrates percentage of mungbean seeds. Such
increase may be: due to the important role of phos-
phorus for stimulating chlorophyll synthesis en-
zymes, which reflected on inducing the formation
of chlorophyll molecules.

As for the effect of bio-fertilizer, total carbo-
hydrates, content in maize grains increased as a
result of inoculation with phosphate dissolving
bacteria by 6.21 % compared with the uninocu-
lated.

2. Total sugars

Prolonged irrigation intervals from 14 to 21 or
28 days caused a relative increase in total sugars
by about 57.14 and 80.99 %, respectively (Table
11). The recommended rate of P (30 kg P,Os / fad)
induced significant increase by 14.70 % in total
sugars of maize grains. Likewise, bio-fertilizer
application induced significant increase of 12.39
% for total sugars.

3. Non-soluble carbohydrate

Data given in Table (11) show that water defi-
cit significantly decreased non-soluble carbohy-
drate. This result may be ascribed to the increase
in total sugars. Data indicated that prolonged iiri-
gation intervals from 14 to 21 or 28 days caused a
relative decrease in non-soluble carbohydrate by
18.77 and 29.97 %, respectively. Phosphorus fer-
tilizer had no significant effect on non-soluble
carbohydrate of maize grains. However, bio-
fertilizer caused a significant increase in this trait
by 4.67 % more than maize grains, which obtained
from uninoculated treatment. No significant ef-
fects were found in all interactions for total carbo-
hydrates, total sugars and non-soluble carbohy-
drate.

4. Crude protein content

Data on crude protein content of maize grains
as affected by water deficit, phosphorus fertilizer
and bio-fertilizer are presented in Table (11). Re-
sults clearly show that increasing the irrigation
intervals induced significant increase of 5.02 %
(at 21 days) and 20.33 % (at 28 days) in protein
percentage of maize grains compared with irriga-
tion every 14 days. In this respect, Abdel-Aziz
and El-Bialy (2004) concluded that crude protein
percentage of maize grains increased under severe
water stress. Increasing the rate of phosphorus
fertilizer from 50 to 100 % of the recommended
rate induced significant increase of 5.99 % in pro-
tein percentage.

The previous result could be attributed to the
role of P in plant metabolism, which plays as a
constituent for nuclear protein molecules and it
participates through ATP in stimulating amino
acids for the assimilation of protein molecular.
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Table 11. Chemical composition of maize grains as affected by the bio-fertilizer phosphorein and phosphorus fertitizer under different irrigatior. inter-

vals in 2006 season

Total carbohydrates %

Total sugars

Non solubie carbohydrate

i g
lisination R 2/1002 2/100 g Crude protein % Phosphorus %
interval (kg‘l‘f ad) Bio-fertilizer Bio-fertilizer Bio-fertilizer Bio-fertilizer Bio-fertilizer
(days) inoculation M:an inoculation Mean _inoculation ~  Mean inoculation Mesa inoculation Mean
Non inoculation Non Inoculation Non Inoculation Non Inoculation Non Inoculation
15 64.68 70.99 67.54 759 8.99 8.29 57.09 62.00 £9.58 8.02 8.69 8.36 0.40 0.52 0.46
14 30 69.16 71.50 70.33 942 1037 9.90 59.74 61.13 60.44 836 9.14 8.78 045 0.55 0.50
Mean 66.92 71.28 69.09 851 9.68 9.10 S8.482 61.57 60.00 8.19 8.92 8.56 0.43 0.84 048
15 60.60 63.06 61.83 12.77 14.30 13.54 4783 48.76 48.30 8.02 9.69 8.86 0.34 047 0.41
21 30 62.83 65.66 64.28 14.44 15.68 15.06 4839 49.98 49.19 8.69 9.53 9.11 044 0.50 0.47
Mean 61.72 64.36 . 63.04 13.61 14.99 14.30 48.11 49.37 48.74 8.36 © 961 8.99 0.39 0.49 0.44
15 55.31 60.66 5§7.99 1430 16.30 1530 4101 4436 42.69 9.36 10.25 9.81 032 041 0.37
28 30 58.30 62.06 60.18 16.55 18.71 17.63 4175 ° 4335 42.58 10.20 11.36 10.78 041 042 0.42
Mean _56.81 61.36 5§9.09 15.42 17.51 16.47 41.38 43.86 42.62 .78 10.81 10.30 0.37 0.42 0.40
15 60.20 « 6490 62.58 11.55 13.20 12.38 48.64 51.71 50.18 847 9.54 9.01 0.35 047 0.41
Mean
30 63.43 6641 64.92 13.47 14.92 14.20 49.96 51.49 £0.73 9.08 10.01 9.55 043 0.49 0.46
Bio-fertilizer mean 61.82 65.66 63.74 12.51 14.06 13.29 ° 4930 $1.60 $0.45 8.78 9.78 9.28 0.39 0.48 0.44
L.S.D. (0.05) For: 3 '
Imigation (1) 2.88 1.87 3.16 T0.42 0.03
H!OSPhOl’\IS (‘p) na [ NS LT . A
Bio-fertilizer (B) an .n » ' aa
PxB NS NS NS 0.52 0.04
IxP NS NS NS 0.64 0.08
I xB NS NS NS 0.64 0.08
1 x PxB NS NS NS 0.89 0.06

*, ** and NS indicate significant at 0.05, 0.01 and insignificant, respectively.
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Data also indicated that bio-fertilizer was asso-

ciated with a significant increase in protein per-.

centage of maize grains by 11.39 % more than the
uninoculated treatment.

All -interactions between factors under study
had significant effects on protein percentage of
maize grains. It is- worthy to mention that the
maximum value of protein percentage was noticed
when maize plants were irrigated at 28 days and
received 100 % of the recommended rate of phos-
phorus fertilizer under inoculation with bic-
fertilizer.

5. Phosphorus

From Table (11), increasing irrigation inter-
vals from 14 to 21 or 28 days caused significant
reduction of 8.33 and 16.67 %, respectively in
phosphorus percentage of maize grains.

Worthy to mention that increasing the level of
phosphorus fertilizer frem 50 to 100 % of the rec-
ommended ‘rate itiduced significant increase of
12.2 % in phosphorus percentage of maize grains.
In this respect, Abdo (2003) stated that increasing
P rate from 7.75 up to 23.25 kg P,Os / fad in-
creased seed phosphorus content of mungbean,
being in agreement with the present findings.

Regarding the effect of bio-fertilizer, data re-
vealed that using of bio-fertilizer induced signifi-
-cant increase of 23.08 % in phosphorus percentage
of maize grains. The same result was observed by
Abdo (2003) on mungbean.

All interactions between factors under study
revealed significant effects on phosphorus content
in maize grains. It is worthy to mention that the
maximum value of phosphorus percentage was
gained when plants were irrigated at 14 days and
received 100 % of the recommended rate of phos-
phorus fertilizer in the presence of bio-fertilizer.

Crop-water relations
1. Water consumptive use (WCU)

Data of WCU values for maize crop as af-
fected by irrigation interval, phosphatic fertilizer
rate and bio-fertilizer treatments are shown in Ta-
ble (12). Data revealed that WCU values for maize
crop were ranged from 36.00 to 55.20 cm in the
first seasoii and from 35.60 to 58.40 c¢m in the
second one, according to the adopted treatments.
The highest WCU values (53.43 and 54.10 cm)
were attained as irrigation was practiced at 14
days interval, while the lowest ones (38.40 and
37.68 cm) were obtained with irrigating at 28 days
interval, in the first and second seasons, respec-

tively. Data also illustrated that irrigating maize
crop at 2| days interval exhibited intermediate
WCU values, which comprised 43.33 and 41.81
cm, in the first and second seasons, respectively.
The higher WCU values under irrigation at 14
days interval may be attributed to the higher avail-
able soil moisture in the root zone, which is ex-
posed to luxurious extraction by the plant roots
and to the higher evaporation from the soil surface
as well. These results are in accordance with those
reported by Abdel-Aziz and El-Bialy (2004), who
stated -that the increase in evapotranspiration rate,
due to frequent irrigation, is attributed to maintain-
ing the soil moisture at higher level which, en-
hanced water absorption by plant root and higher
soil surface evaporation.

Regarding .P fertilization. effect on WCU for
maize crop, data in Table (12), indicated that
higher P fertilization rate resulted in higher WCU
values for maize crop. The increase reached 4.63
and 3.85 %, in the first and second seasons, re-
spectively more than those obtained under lower P
fertilization rate, this trend was true in the two
seasons of study. Higher WCU values under the
highest P fertilization rate could be attributed to
the increases in plant growth and transpired area.
These results are in parallel with those of El-
Sayed and Youssef (2003), on beanut, who re-
corded that the highest WCU was obtained at 30
kg P,0s / fad, while the lowest WCU was obtained
without phosphorus fertilizer.

Data also revealed that treating the grains with
bio-fertilizer (phosphorein) exerted a positive in-
fluence to increase WCU values for maize crop,
which increased by 5.94 and 9.14 %, in the first
and second seasons, respectively compared with
the uninoculated. These results may be due to the
increases in both plant growth and transpired area.

Regarding the interaction effect for the

" adopted treatments on WCU values for maize

crop, data ilustrated that the highest WCU values
were obtained with irrigation at 14 days interval as
interacted with the highest P rate in addition to
bio-fertilizer inoculation,

II. Water use efﬁciency'(WUE)

Data in Table (12) revealed that the highest
WUE values were recorded with irrigating at 21
days interval, since the figures comprised 72.24
and 77.37 kg grains / cm / faddan, in the first and
the second seasons, respectively. Practicing irriga-
tion at 28 days interval exhibited lower WUE
values, which were 61.40 and 66.22 kg grains /
cm / faddan, in the first and second seasons,
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Table 12. Seasonal water consumptive use and water use efficiency of maize as affected by the bio-dertilizer phosphorein and phosphorus fertilizer
under different irrigation intervals in 2005 and 2006 seasons

; Seasonal water consumptive use (cm) ‘Water use efficiency (kg /cm / fad)

(days) (kg / fad) B.lo-l'erlllgzer l?lo-fcrtll.lzer l%lo-l'eml.lzer li'lo-ferlllfur

inoculation Mean inoculation Mean inoculation Mean inoculation Mean
Non Inoculation Non Inoculation Non Inoculation Non Inoculation

15 522 53.50 52.85 50.2 56.9 53.55 6096 . 70.68 65.82 66.74 69.51 68.13
14 30 52.8 55.20 54.00 50.9 584 54.65  62.42 ) 70.76 66.59 68.35 70.62 69.49
Mean 525 54.35 §3.43 50.55 57.65 54.10 61.69 70.72 66.21 67.55 70.07 68.81
15 404 43.60 42.00 40.0 41.83 40.92 66.22 78.06 72.14 69.44 83.17 76.31
21 30 429. . 46.40 44.65 412 44.19 42.70 69.22 75.46 72.34 74.59 82.25 78.42
Mean 41.65 45.00 43.33 40.6 43.01 41.81 67.72 76.76 72.24 72.02 82.71 77.37
15 36.0 38.50 37.25 356 37.6 36.60 51.14 64.65 57.89 53.92 69.11 62.52
28 30 \3N8.2 40.90 39.55 37.6 399 38.75 59.88 69.93 64.91 64.27 75.54 69.91
Mean 37.1 39.70 38.40 36.6 38.75 37.68 55.51 67.29 61.40 60.09 72.33 66.22
15 42.87 45.20 44.03 4193 4544 43.69 59.44 71.13 65.28 64.03 73.93 68.99
- 30 4463 - 4750 ~ 46.07 4323 47.50 45.37 63.84 72.05 67.95 69.07 76.14 72.61
Bio-fertilizer mean 43.75 1 46.35 45.05 42.58 46.47 44.53 61.64 71.59 66.62 66.55 75.03 70.80
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respectively. Intermediate WUE values i.e. (66.21
and 68.81 kg grains / cm / faddan, in the first and
second season, respectively) for maize crop were
obtained due to irrigating at 14 days interval.
Similar results were recorded by El-Sayed and
Youssef (2003) on peanut.

Data also revealed that increasing P rate from
15 to 30 kg P,Os / fad resulted in higher WUE
values for maize crop. The increase reached 4.09
and 5.25 % in the first and second seasons, respec-
tively.

Treating the grains, before planting, with the
bio-fertilizer improved WUE since the values in-
creased by 16.14 and 12,76 % in the first and sec-
ond seasons, respectively as compared with the
values recorded under the absence of bio-fertilizer.
Concerning the interaction effect, of the adopted
treatments, on WUE for maize crop, data revealed
that higher WUE values were obtained when
maize crop was irrigated at 21 days interval as
well as applying 15 kg P,Os / fad and treating the
grains with the bio-fertilizer (phosphorein).

CONCLUSION

Maximum grain yield was achieved when
maize plants irrigated every 14 days and received
30 kg P,Os / fad in the presence of bio-fertilizer. It
is worthy to not that the treatment of 15 kg P,Os /
fad- in the presence of bio-fertilizer phosphorein
surpassed the treatment of 30 kg P,Os / fad in the
absence of the bio-fertilizer. This means that bio-
fertilizer substituted half of the recommended rate
from the used mineral phosphorus fertilizer.

Higher WUE values were obtained when
maize plants were irrigated every 21 days interval
and received 15 kg P,Os / fad in presence of bio-
fertilizer phosphorein.
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