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inoculation showed significant increases in all 
ABSTRACT gro~h and yield traits under investigation com

pared with ,uninoculated grains. Bio-fertilizer 
, A field experiment was conducted at Giza Ag treatment induced significant increase of 22.69 

ricultural Research Station, ARC, in 2005 and and 21.78 % for grains yieldlfaddan and 28.28and 
2006 seasons to study the response of maize single 24.43 % for stover yield / faddan in the first and 
cross SC 123 to mineral phosphorus and bio second seasons, respectively. Also, total carbohy
fertilization under different irrigation intervals. drates, total sugars, non-soluble carbohydrates, 
Treatments applied were three irrigation intervals crude protein and phosphorus in grains were sig
(14,21 and 28 days), two rates of phosphorus (I5 nificantly increased in the second season by 6.21, 
and 30 Kg P20S / faddan*) in the form of calcium 12.39, 4.67, 11.39 and 23.08 %, respectively. The 
super-phosphate (15.5 % P20 S) and uninoculation interaction between irrigation intervals and phos~ 

or inoculation of seeds with bio-fertilizer "phos phorus fertilizer and / or bio:fertilizer revealed 
phorein". Experimental design was spilt-plot, significant effects on all growth and yield traits 
where irrigation intervals were assigned to the under investigation in both seasons. The maxi
main plots and phosph<?r~inand phosphorus treat~ mum values of these traits ,were recorded whl:l1 
ments in the sl;b..plolS. Proionged irrigation inter _maize plants were irrigated every 14 days and re
val from 14 to 21 days did not affect most of the -ceived 30 kg P20 S '/ fad in the presence of phos
studied growth and yield traits. However, increas-' phorein. TheJJighest values for water consumptive , f 

ing irrigation interval up to 28 days significantly use during the two growing seasons were recorded 
reduced all the studied traits, except for proline when maize plants were irrigated every 14 days 
content, which was increased. Data also indicated and received 30 kg P20 S / fad in the presence of 
that raising the rate of phosphorus fertiliit:r from" "'phosphorein. Whereas,~ater use efficiency 
IS to 30 kg P20 S per faddan induced significant reached its highest value with irrigation every 21 
increases in plant height, dry. weight of shoot / days., Irrigation every 21 days. to plal)ts received 
plant, specific leaf w~ight",. maximuJ,Tl quantum IS ~g P20 S ! fad in the presence of phosphorein is, 
yi~ld, ears weight / plant, 100-grain weight, grains considered the best treatment combination. ' 

'. ..' .:" - .' ". 
and stover weights / plant as well as per faddan 
(fad). Also; percentages of carbohydrates, total	 INTRODUCTtON 

•	 One faddan = 4200 m2 Maize (Zea mays, L.) 'is one 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 irrigr . 
tion water due to its sensitivity t drought. Insuffi
cient water supply as a result of rolonging irriga
':In intervals or decreasing the available moisture 
in the soil clearly inhibits plant growth. 

EI-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 diaJll,~ter, ear weight, 
number of grains / row, number of rows / ear, 
1000 grains weight, grains and straw yields as 
well as shelling percentage. Sinclair et til (1990) 
stated that water deficits at anthesis resulted in a 
large decrease in accumulated biomass, which 
resulted in tum 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 til (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 al (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 
EI-Bialy (2004) report~d that plant height, leaf 
area, ear length, ear diameter, number of rows / 
ear, ear weight, ear grain weight and IQO-grain 
weight of maize i;Single ,."ss I0) 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 che!llical constituents of maize single cross 
123. Treatments were: 
I.	 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 P20 S / fad). 
Experimental d~sign was split-plot with four 

replications. Irrigation intervals were assigned in 
the main plots, whereas phosphorl,ls 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. PIOI size was 
1/200 faddan (6 x 3.5 m2

), which included 6 rows, 
5 m long and 70 cm'apart. Hills were spaced 30 
cm apart. Maize grains, two to three kemel / hill, 
were hand planted on Jurie 11 and 14 in the tirst 
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 munely phosphorein, related by 

Ministry of Agriculture, Giza, Egypt. 
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Soil physical and chemical properties were co~
ducted according to Jackson (1967) and present~ 

in Table (1). 
Irrigation treatments were applied after the sec

ond irrigation. Calcium super phosphate (I5.5 % 
P20 5) 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 inoculate~ 

with bio-fertilizer phosphorein (Bacil/us 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 ~g / fud ~ ~Jtassium sulphate (48 % 
K20) was added before the first irrigation. All 
other cultural practices were carried out as rec
ommended. , 

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

Reeording of data 

I.	 Growtb 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: 
I. 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 (cm2
) according to Strick

ler (1964) using the following formula: . 

Leaf area = leaf length x maximum leaf 
width x0.75 

5.	 Specific leafweight(S,LW) in mg/cm2
, accord

ing to the fc!:i,wiiig fomiiJla of Hunt ~1990): 

SLW "'" leaf dry weighf/ leaf area. 

II. Physiological traits 

I.	 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 II (PS 11) was 

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

Fm-Fo
Fv/Fm= -- 

Fm 
Where: 

Fy / Fill is the maximal quantum efficiency of 
PS II (M.O.E.), Fill is the mllximal chlorophyll 
fluorescence and Fo is the mil1im\lm chloro
phyll fluorescence (in the dark). 
After measuring chlorophyll fluorescence, the 
same le..f was used to determine proline con
centration and rehitive water content percent
age (RW€: %). 

2.	 Leaf proline concentration (LPC). in& mg /g 
fresh·weight (FW),. 
Proline was quantified spectrophotometrically 
by the method of Bates el al (1973). 

3.	 Relative water content percentage: 
The used leaves were immediately weighed 

(FW) the!l transferred to sealed flasks, then rehy
drated in~water for 5 h until f4J1y 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) X 100 
RWC(%) = (TW- DW) 

III. Yield and yield components 

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

I. Ear length (em). 
2. Ear d.iameter (cm). 
3. Number ofrows lear. 
4. Number ofkemels / row. 
5. Ears weight / plant (g). 
6. 100 - grafn weight (g). 
7. Grains weight / plant (g). 
8. Stover weight / plant (g). 

At harvest, allp.lants in the fourth and tilth 
rows in ea'ch sub-plot were harvested and ad
justed 10 15..5 % moisture to estimate: 

9. Grain yield in ardab· (ard) / fad. 
10. Stover yield / tad (ton). 

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

Particle size distribution Ec soil Available nutrients OrganicTexture	 paste (ppm)Seasons Coarse Fine	 matter PHSilt Clay class	 extractsand	 Sand %% %	 ds/m p%	 % N K 

Clay
2005 3.40 28.50 29.90 38.20 1.64 7.6 0.62 49 8.9 486loam 

Clay
2006 3.48 28.12 30.80 37.60 1.58 7.4 0.68 52 9.2 481loam 

IV- Chemical composition of maize grains 

At harvest time, sample of mature grains (in 
the second seaso!! only; W'lS 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 eilli (1956). 
2.	 Total sugars were determined by extraction 

from dried grains with ethanol 80 % 
(A.O.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.O.A.C., 1990). 

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

V- Water Relations 

1. Water consumptive usc (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 em. up to 
depth 45 - 60 ern, depth of soil profile according 
to (Israelsen and Hansen, 1962): 

CU = D x Bd x e2 - el I 100 

Where: 

CU : Water consumptive use (ET) in CIll. 

o :Soil layer depth ( em ).
 
Bd : Bulk density (g I cm \
 
eJ , e2 : % Soil moisture content by weight before
 
and alter irrigation; respectively..
 

Table 2.	 Bulk density and some soil moisture con
stants of the experimental site 

Soil Bulk FMC PWP Available
 
depth density 0/0, 0/0, moisture
 

em gm/em J WIW W/W 0/0
 

0-15 1.14 34.50 16.50 Ill.OO 

15 -30 1.20 32.00 15.ll0 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 usc efticiency, in the present trial. is ~x
pressed as kg qf maize grain produced due to the 
consumption ofl cm water depth p~r faddan{ 

Water use efficit:ncy was calculated lor each irri
gation treatment according to the formula de
scribed by Pierre et til (1965) as follows: 

WUE = grain yield (kg Ifed) I seasonal water
 
consumptive in em. ,
 

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 



569 Maize response to ferti lizers 

RESULTS AND DISCUSSION 

I. 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 EI-Noemani et al (1990), Mahrous 
(1991), Ibrahim et al (1992), Khalifa et (II (2002) 
and Abdel-Aziz and EI-Bialy (2004). They stated 
that increasing irrigation intervals significantly 
decreased growth traits. In this connection, 
Kozolow"ski (1988), found that extending the irri
ga~ion 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 thusde~ 
creased the growth traits. 

Data presented in Tables (3 and 4), revealed 
that raising the rate, ~f 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 c!-lmpounds are of 
absolute necessity for all living Qrganisms, mi
c1eoproteins constituting the essential substances 
of the cell and for cell division and development 
of meristematic, tissues. 'ti~§e effects reflected on 
vigorous vegetative growth such as plant height 
and specific leaf weight. In this respect, Ha
jabbasi and Schumacher (1994), showed that 

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 
a1l investigated growth traits in . both studied sea
sons compared with plants obtained from uninocu
lated grains. The beneficial effect of inoculation 
with phosphate dissolving'bacterla 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 plarit height, 3.72 and 3.03 
% for number of le;lves'/ plant, 15.78 and 13.72 
for dry weight of shoot / plant, 4.85 and 21.62 % 
for leaves area / plant, and 7.71 and 12.85 % tor 
specific leaf weight in the first and second sea
sons, respectively. 

Ha~san et til ( 2006 ) stated thatthe 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 (lAA), Gibbereltic acid 
(GA3) and cytokinin, like substances, which might 
be stimulated plant growth; (b) synthesis of some 
vitamins: e.g., 8 12 (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; b<meficial organ
isms, (e) increasing water and minerals uptake 
from soil., This might be ascribed W increasing 
root surface area, root hairs and, root elongation as 
affected by bio-fertilizer. 

The interaction betw-e~~ phosphorus fertilizer 
and bio-fertiliier revealed significant effects on 
plant hei~ht, shoot dry weight / plant. lear area / 
plant and specific leaf weight., Iilcreasing 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
e'lce 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 
intervals in 2005 season 

Irrigation 
inten'al 
(days) 

Phosphorus 
(kg /fad) 

Plant height 
(em) 

Bio-fertilizer 
inoculation 

Non Inoculation 

Mean 

-
No. of le8\'es I plant 

Bio-fertilizer 
inoculation Me,n 

Non Inoculation 
..	 .. 

15 209.75 235.25 222.50 16.00 

14 30 211.75 240.75 226.25 16.25 

>
:l
 
:l
 Mean 210.75 238.00 224.38 16.13 
~ 

Ul 15 180.i5 228.50 204.38 15.75 
> 
~ 21 30 202.00 229.25 215.63 16.00
i=)' 

VJ Mean 191.13 228.88 210.01 15.88 
~. 

15 160.54 209.40 184.97 14.50VI
 
N

N 28 30 200.60 211.50 206.05 15,00 -
~ 

N Mean lSO.57 210.45 195.51 14.75o o 
-.I 

15 183.51 224.38 203.95 15.42 
Mean 

30 204.78 ,_227.17 215.98 15.75 

Bio-fertilizer mean 194.15 225.78 209.97 15.59 

L.S.D. (0.05)	 For: 
Irrigation (I) 18.80 
Phosphorus (P) . 
Bio-fenilize, (B) .. 

PxB 13.26 .
 
I x P 16.24 .•
 
I xB 16.24' '.'
 

I x P x B	 22.96 

o .00 and NS indicate significant at 0.05, 0.01 and insignificant. ,especlively 

16.50 16.25 

17.00 16.63 

16.75 16.44 

16.25 16.00 

16.50 16.25 

16.38 16.13 

15.25 14.88 

15.50 15.25 

15.38 15.07 

1600 15.7J 

16.33 16.04 

16.17 15.88 

1.29 
NS. 
NS 
1.12 
1.12 
1.58 

Of)' "'eight of shoot I plant 
(g) 

Bio-fertilizer
 
inoculation
 Mean 

Non Inoculation 

148.54 168.49 158.52 

154.99 173.24 164.12 

151.77 170.87 161.32 

139.86 156.65 148.26 

148.52 160.68 154.60 

144.19 158.67 151.43 

90.15 125.15 107.65 

110.95 133.87 122.41 

100.55 129.51 115.03 

126.18 150.10 138.14 

13815 155.93 147.04 

132.17 153.02 142.59 

13.17. .. 
9.29 
11.38 
11.38 
16.08 

Total Leaf area I plant 
(cm') 

Bio-fertilizer 
inoculation Mean 

Non Inoculation 

8335 9041 8688 

8379 9147 8763 

8357 9094 8726 

8229 8592 8411 

8275 8754 8515 

8252 8673 8463 

7958 8009 7984 

8194 822\ 8208 

8076 8115 8096 

8174 8547 8361 

8283 8707 8495 

8228 8627 8428 

510 
NS. 
360 
435 
435 
623 

Specific leaf weight 
(mg/cm') 

. 

Bio-fertilizer 
inoculation 

Non Inoculation 

Mean 

4.96 5.37 5.17 

5.61 5.89 5.75 

5.29 5.63 5.46 

4.62 5.12 4.87 

4.89 

4.76 

4.21 

5.22 

5.17 

4.56 

5.06 

4.97 

4.39 

>cr
0 
o 
'T] 

a 
3 
~ 

450 488 4.69 

4.36 4.72 4.54 

4.60 502 4.81 

5.00 5.33 517 

4.80 5.17 4.99 

0.36.. .. 
0.22 
0.31 
0.31 
0.44 

,\	 ~ -' ,J ~ 
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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 

Plant height Dry weight of shoot 1plant TotaI Leaf area 1plant Specific leaf weight

Mean

5.27

5.42

5,35

4.76

4.97

4.87

4.64

4.75

4.70

4.89

5.05

4.97 

No. ofrenes 1plant 
.. rigation (em) (g) (cm' ) (mg/cm' )Phosphorus
inten'al	 Bio-fertilizer Bio-fe.1i l"-zer Bio-fertilizer Bio-fertilizer Bio-fertilizer(kg 1 fad)
(da)'s) inoculation Mean inoculal:on Mean inoculation Mean inoculation Mean inoculal'l~n 

Non Inoculation Non Inoculation Non Inoculation Non Inoculation Non Inoculation 

15 231.50 250.50 241.00 17.0 17.5 17.25 163.28 176.45 169.87 8806 9493 9150 4.95 5.59 

14 30 233.50 255.50 244.50 17.0 17.5 17.25 171.\2 184.14 177.63 8881 9596 9238 5.04 5.80> 
:::l 
:::l s:Mean 232.50 253.00 242.75 17.0 17.5 1'7.25 167.20 180.30 173.75 8844 9544 9194 5.00 5.70C» 
in '"N' 

(l)15 181.00 235.50 208.25 16.5 17.0 16.75 145.05 160.54 m.80 8655 8947 8801 4.48 5.03> 
~ ~ 

21 30 221.00 245.50 233.25 16.5 17.0 16.75 165.26 181.72 173.49 8715 9147 8931 4.65 5.28 "0'"n' o 
C/) ~ o Mun 201.00 240.50 . 220.75 16.5 17.0 16.75 155.16 171.13 163.15 8685 9047 8866 4.57 5.16 (l) 

oVI 15 170.00 2.15.50 192.75 160 16.5 16.25 95.70 128.67 112.19 8324 8483 8404 4.36 4.92 
l-J CD',-... 
N 28 30 209.00 225.00 217.00 \6.0 16.5 16.25 116.18, 142.65 129.42 8603 8722 8662 4.50 4.99 2:~ 

N'l-J 
o	 (l)...,Mean 189.50 226.25 20U8 16.0 16.5 16.25 105.94 135.66 126.81 84M 8602 8533 4.43 4.96o 
-...l '" 

15 194.17 233.83 214.00 16.5 17.0 16.75 134.68 15522 144.95 8595 8974 8785 4.60 5.18 
Mean 

30 221 17 242.00 231.58 16.5 17.0 16.75 150.85 169.50 160.1.8 8733 9155 8944 4.73 5.36 

Bio-fertilizer M£.-\1\ 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 
. 

L.S.D. (0.05)	 for: 
Irrigation (I) 22.55 0.79 14.29 538 0.37 
Phosphorus (P) .. NS .. NS .. 
Bio-fenilizer (B) .. . .. . .. 

PxB 15.53 NS 10.78 380 0.23 
1 , P 19.20 0.74 12.56 460 0.32 

I1 ,B 19.20 0.74 12.56 460 0.32 
I x P, B 27.03 0.97 17.45 694 0.45 

•••• and NS ,"d,cale sl~'Tlificant at 0.05. 0.0 I and insi~'Tlificanl. respeclively. 

Ul 
-...l 

,
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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 P20 S / fad) 
showed no significant 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
vals 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 P20; 
/ fad, and treated with bio-fertilizer. 

It is evident that increasing phosphorus feitil~ 
izer either by using bio-fertilizer or mineral phos
phorus induced significant increases in most 
growth traits at,the :;ar.ic;;,igation 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 
feitilizer. 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 therecom
mended rate of phosphorus fertilizer. This reflects 
directly on reducing fertilizer cost and decreased 
the environmental pollution. 

II. 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 arid 
Bartak (1999), Maxwell and Johnson (2000), 
Hunt (2003) and Manetas (2004) reported that 
chlorophyll fluorescence is very 'tiseful 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 appltcation of inhibitors. Worthy to 
mention that raising the rate of phosphorus fenil.
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 affected 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 til (2002) 
and Ragab and Rashad (200~).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 signiticant .effect on 
LPC. 

Statistical analysis revealed that the interaction 
between irrigation intervals, phosphorus fertilizer 
and bio-fertilizer had a significant t:ffect 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 of68 days as affected by the bio-fertilizer 
phosphorein and phosphorus fertilizer under different irrigation intervals in 2006 season 

-' 
Leaf proline concentration Irrigation Maximum quantum yield Relative water contellt %

Phosphorus (mel d.wlinterval 
(kg I fad) Bio-fertilizr-r inoculation Bio-fertilizer inoculation Bio-fertilizer inoculation (days) Mean Mean Meall

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 
::l
> ," 3:, 15 0.602 0.745 0.674 0.893 0.855 0.874 81.764 83.076 82.4205 pO, ,.
Vi ~. 

21 30 " 0.656 I 0.854 0,755 0.827 0.773 0.800 82.974 85.606 84.290> 
,

" Cil-~ 
.- I Mean 0.629 0.800 0.7i5 0.860 0.814 0.837 82.369 84.341 83.355r;" "0'"o<CI' ::l" 15 0.538 0.558 0.548 1.109 1.066 1.088 76.264 79.576 77.920 

CD '"P. 
.026 30 0..5".1 0.611 0.576 1.056 0.981 1.019 77.974 80.106 79.040VI 

IV (pN ., Mean 0.540 0.585 0.562 1.083 1.024 1.054 77.119 79.841 78.480 a. ~ ,
IV N'15 0.591 0.729 0.660 0.905 0.826 0.866 81.471 83.727 82.599 (t)o ..,o Mean 
-..J '" 30 0.648 0.787 0.717 0.812 0.742 0.777 82.693 84.856 83.775 

,Bio-fertilizer mean ': 0.620 0.758 0.689 0.859 0.784 0.822 82.082 84.292 83.J87 
L.S.D. (0.05) For: . . J.Irrigation (I) 0.044 0.186 3.014 

---
l 

Phosphorus (P) ** NS NS 
• Bio-fertilizer (B) •• NS NS 

, 
~. .
Px B 0.055 - , NS . NS
 

"I x P .... 0.060 .. ~ -'" /" 0.254 4.16 
I x B . 0.060; " .' 0.254 • 4.16

I x P x B 0.086;",. '. 0.365 5.895 

• , •• and NS indicate significant at 0.05,0.01 and insignificant, respectively. 

V. 
-..J
vJ 

~ 
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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 Rwe %. The 
highest value was obtained from plants obtained 
from inoculated grainswlth 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 et {II 
(2002), reported that Rwe 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 n.n % 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 ~f £L-Noemani et iII (1990), 
Mahrous (1991), Ibrahim et {II (1992), Abu
Grab and Othman (1999), Khalifa et al (2002) 
and Abdel Aziz and EI-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 yield 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 fenilizer 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 anJ 
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 SlOver 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 
un inoculated 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 ahd 24.43 % for stover 
yield / faddan in the first and second seasons, re
spectively. T!'l.e 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. 

Annals Agric. Sci... 52(2), 2007 



) I 

Table 6. Ear length 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 (em) Ear diameter (em) 

»::s 
iil 
lil 
» 
~ 
fi' 
t/) 

p. 
VI 

.N 
N 
~ 
N o o 
-...I 

Irrigation 
.Phosphorus 

interval· 
(kg I fad)(da}'s) 

" . 15 

14 30 

.. Mean 

IS 

21 30 

Mean 

IS 

28 30 

Mean 

IS 
Mean 

30 

Bio-fertilizer mean 
L.S.D. (0'.05) For:
 

Irrigation (I) ,
 

Phosphorus (P)
 
Bio-fertilizer (8)
 

PxB
 
I x P
 
I xB
 

I x P x B
 

2005 
Bio-fertilizer 
inoculation 

Non Inoculation 

18.25 20.00 

18.50 20.00 

18.38 20.00 

16.75 19.25 

17.50 19.75 

,17;13 19.50 

15.10 18.20 

16.20 19.20 

15.65 18.70 

16.70 19.15 

17.40 19.65 

11.05 19.40 

1.23 
NS 

. 
-' ••-

1.42 
., - ., 1.60 

1.60 
2.26 

2006 . 2005-
Bio-fertilizer Bio-fertilizer

Mea
Mean inoculation inoculation 

n
Non Inoculation Non Inoculation -

19.13 19.20 21.20 20.20 4.30 4.60 

19.25 20)0 22.10 21.20 4.55 4.78 

19.19 19.75 21.65 20.70 4.43 4.69 

18.00 18.67 20.80 19.74 4.20 4.58 

18.63 20.13 21.20 20.67 4.30 4.60 

18.32 19.40 21.00 20.20 4.25 4.59 

16.65 16.90 19;03 17.97 4.07 4.20 

17.70 18.00 19.67 18.84 4.15 4.40 

17.18 17.45 19.35 18.40 4.11 4.30 

17.93 18.26 20.34 19.30 4.19 4.46 

18.53 19.48 20.99 20.24 4.33 4.59 

111.23 18.87 20.67 19.77 4.26 4.53 

. 
1.33 0.32 
NS ..._ NS 
1'*' -. • 

1.54",. NS 
. 1.73;;: 0.43.' 

1.73 0.43 
2.44 0.61 

• .•• and NS indicate significant at 0.05, 0.0\ and insignificant, respectively. 

2006 
Bio-fertilizer 

Mean inoculation 
Non Inoculation 

4..45 4.43 4.83 

4.67 4.53 4.93 

4.56 4.48 4.88 

4.39 4.33 4.60 

4.45 4.43 4.70 

4.42 4.38 4.65 

4.14 4.27 4.40 

4.28 4.30 4.47 

4.21 4.29 4.44 

4.33 4.34 4.61 

4.46 4.42 4.70 

4.40 4.38 4.66 

0.33 
NS 
• 

NS 
0.45 
0.45 
0.63 

Mean 

4.63 

4.73 

4.68 

4.47 

4~57 

4.52 

4.34 

4.39 

4.37 

4.48 

4.56 

4.52 

~ 

'"~. 

@ 
til 
'0 o::s 
til 
(l> 

8' 
(t> 

2: 
~...
 
til 

VI 
-.J 
VI 

~ 
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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 200~ seasons 

>
::J 

~ 
V> 
> 
~ 
r;' 
en 
p. 
VI 
IV
IV -

~ 

IV 
o o 
-.I 

~~ 

Irrittation 
Phosphorus

intu\'al 
(kg / fad)

(d:IYS) 

\5 

14 30 

Mean 

15 

21 30 

Mun 

15 

28 30 

Mun 

IS 
Mean 

30
 

Bio-fertilizer mean
 

L.S.D. (0.05) For:
 
Irrigation (I)
 
Phosphorus (P)
 
Bio-fertilizer (B)
 

PxB
 
\ x P
 
I xB
 

\ x P x B 

2005 
Bio-fertilizer 
inoculation 

Non Inoculation 

12..50 \4.00 

13.00 14.50 

12.75 14.25 

12.00 13.25 

12.75 13.50 

!2.38 13.38 

11.50 12.50 

12.00 12.75 

11.75 12.63 

1200 13.25 

,.~12.58	 13.58 

\2.29 13.42 

0.82 
NS 

.' , NS 
1.07 
1.07 
1.51 

No. of rows / ear 
2006 

Bio-fertilizer 
Mean inoculation 

Non Inoculation 

13.25 12.67 14.33 

13.75 13.33 14.83 

13.50 13.00 14.58 

12.63 12.00 1333 

13.12 12.50 13.67 

'12.88 12.25 13.50 

12.00 I 1.33 1247 

12.38 12.33 12.67 

12.19 11.83 12.57 

12.63 12.00 13.38 

13.08 12.72 13.72 

12.86 12.36 13.55 

1.79 
!liS 
• 

NS 
\.08 
1.08 

'.' 

1.53 

• , •• and NS indicate siptifieanr at 0.05. 0.01 and insiptifieanl. rcspceli\el\ 

.J _". r ~ 
.) , ... ...' 

. 

2005 -
Bio-fertilizer 

Meal) inoculation 

13.50 

14.08 

13.79 

12.67 

13.09 

12.88 

11.90 

12.50 

12.20 

12.69 

13.22 

12.96 

Non 

41.75 

42.50 

42.13 

37.75 

3775 

37.75 

33.00 

35.67 

34.34 

37.50 

38.64 

38.07 

Inoculation 

43-25 

43.75 

43.50 

42.50 

43.00 

42.75 

36.00 

37.33 

36.67 

40.75 

41.19 

40.97 

2.35 
NS 

2.72 
3.2\ 
3.21 
4.33 

No. of kernels I row 
2006 

Bio-fertilizer 
Mean inoculation Mean 

Non Inoculation 

42.50 41.67 44.67 43.17 

42.13 42.00 45.33 43.67 

42.82 41.84 45.00 43.42 

40.13 40.33 42.67 41.50 

40.38 40.33 44.67 42.50 >
CT 
040.25 40.33 43.67 42.00 o 
'Tl 

34.50 35.00 38.00 36.50 ~ 
3 

36.50 36.67 38.33 37.50 '" 
35.50 .35.84 38.17 37.00 

39.13 3900 41.78 40.39 

39.92 39.67 42.78 41.22 

39.52 39.34 42.28 40.81 

2.43 
NS 

2.81 
3.32 
3.32 
4.48 
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Table 8. Ears weight I plant and 100-grain weight of maize as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under differ
ent irrigation intervals in 2005 and 2006 seasons 

--- -.-- .. _--~~-. .-.~- ~-- ...............IIoL~'t--- ......-.
 Ears weight I plant ".",. lOO-grain weight -(2) (2)
Irrigation 

Phosphorus 2005 • 2006 2005 2006inten'al 
(kg I fad) Bio-fertilizer Bio-fertilizer Bio-fertilizer Bio-fertilizer 

inoculation Mean inoculation Mean inoculation Mean inoculation Mean 
(days) 

-
Non Inoculation Non Inoculation Non Inoculation Non Inoculation 

.,.- .';~ 15 275.04 345.38 310.21 281.31 347.61 314.46 40.18 41.33 40.76 41.29 42.24 41.77 
....."( 1-,' 

~ 

, r 14 ;. l. r 30 313.85 377.88 345.87 326.02 380.25 353.14 40.59 43.06 41.83 41'.84 43.85 42.85>
::l 
::l , '.. j' 3: 
III IIIMean 294.45 361.63 328.04 303.67 363.93 333.80 40.39 42.20 41.30 41.57 43.05 42.;11. §.iii" 

j-_-1 

15 262.20 302.87 _282.54. 271:86 309.28 290.57 37.13 40.31 38.72 37.64 40.88 39.26 ~> @.. ,Q:l '"21 30 268.52 315.45 291.98 279.18 322.12 300.65 37.98 41.39 39.69 38.50 41.94 40.22!'i' o " - ::lCJ:J p. Mean 265.36 ·309.16 287.26 2~5.52 315.70 295.61 37.56 40.85 39.21 38.07 41.41 39.74 '" ~ 

oV. 15 162.42.. 200.05 181.24 173.53 2i6.02 194.78 29:81 32.35 31.08 30.96 32.97 31.97N ~,-.... 
N a.28 30 189.57 250.93 220.25 201.33 259.12 ~30.23 32.24 35.15 33.70 33.01 35.80 34.41~ .' 

N §. .. 
Mean 176.00 225.49 200.75 187.43 237.57 212.50 31.03 33.75 32.39 31.99 34.39 33.19 ..,8 " 

-...I '" 
15 233.22 282.77 258.00 242.23 290.97 266.60 35.71 38.00 3(i.85 36.63 38.70 37.67 • 

Mean 
" 30 257.31 314.75 286.03 268.84 320.50 294.67 36.94 39.8,? 38.41 37.78... ' 40.53 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.~1 , 37.21 

LS.D. (0.05) For: .
Irrigation (I) .- 31.76 . 33.31 ". 1.59 1.62 

'J ~ , ... •Phosphorus (P) -
~ 

,..* * * I' r - - L " Bao.-fertilizer (B) l ** ** IS ** .. **,,;1 I 

"PxB '.1 t 36.!0 .- 38.59 1.85 , 
-- 1.88 

I x P 42.39 44.46 2.06 oJ 2.10 . --~ ....,'to'#< ~: " ,- .':.- " tJ. •. ..... ' . . .
I xB 42.39 44.46 2.06 2.10 

I ""'.-' I x Px B 53.48 56.09 2.86 . 2.91 

•••• Indicate sillllificanr at 0.05 and·O.OJ. respectively 

Vl 
-...I 
-...I 

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

Irrigation 
Phosphorus

inten'al (kg I fad)
(days) 

, 
15 

14 30 

Mean 

15 

21 30 

Mean 

15 

28 30 

Mean 

15 
Mean 

30 

Bio-fertilizer mean 

LS.D. (0.05) For: 
Irrigation (I) 
Phosphorus (P) 
Bio-fenllizer (B) 

PxB 
I x P 
I x B 

I x P x B 

2005 
Bin-fertilizer 
inoculation 

Non Inoculation 

183.87 209.56 

201.45 211.59> 
::l 
::J 
~ 192.66 210.58
iii" 

165.88 202.05> 
~ 

168.75 207.52 
en 
!'i' 

T 167.32 204.79 

V> 103.93 121.19IV,....., 
IV 
'-' 110.53 . 174.35 
IV 
o 107.23 147.77o 
~ 

15123 177.60 

160,4 197.82 

155.74 187.71 

22.07 
* 

** 

·.25.57 
'28.67 

28.67 
38.34 

.... Indirat" si~'11ificanl at 0.05 and 0.0 I. respectively. 

Grain weight I plant (g) Stover wei2ht I plant (2) 
2006 

Bin-fertilizer inocula-
Mean tion 

Non Inoculation 

196.72 188.64 213.28 

206.52 208.39 217.50 

201.62 198.52 215.39 

183.97 171.09 206.91 

188.14 176.97 210.51 

186.06 174.03 208.71 

112.56 113.78 132.12 

142.44 122.62 18529 

127.50 118.20 158.71 

164.42 157.84 18410 

179.03 169.33 20443 

171.73 163.58 194.27 

23.08 
* 

** 
26.74 
29.94 
29.94 
50.00 

2005 
Bio-fertilizer inocula-

Mean tion 
Non Inoculation 

200.96 645.98 752.43 

212.95 697.38 787.19 

206.96 671.68 769.81 

189.00 557.47 690.84 

193.74 626.98 716.64 

191.37 592.23 703.74 

122.95 390.89 537.10 

153.96 447.29 552.44 

138.46 419.09 544.77 

170.97 531.45 660.12 

186.88 590.55 685.42 

178.93 561.00 672.77 

33.15 
** 
** 

38.67 
45.74 
45.74 
61.04 

2006 

Bio-fertilizer inoculation 
Mean Mean 

Non Inoculation 

699.21 698.80 787.40 743.10 

742.29 769.50 846.28 807.89 

720.75 734.15 816.84 775.50 

624.16 594.30 707.80 651.05 
>
C671.81 654.70 746.22 700.46 o. 
o 

647.99 624.50 727.0] 675.76 "Tl 
a 
3463.99 428.50 557.26 492.88 
~ 

499.87 466.70 577.70 522.20 

481.93 447.60 567.48 507.54 

595.79 57387 684.15 629.01 

637.99 630.30 723.40 67685 

616.89 602.08 703.78 652.93 

34.52
 
**
 
**
 

40.27
 
48.09
 
48.09
 
63.58
 

1 "~,
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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 arid 2006 seasons 

-
Grain )'ield (ard If..]) Stonr yield (ton I fad) 

c-

Irrigation 2005 2006 2005 2006Phosphorusinterval 
(kg I fad) Bio-fertilizer Rio· fertilizer Bio-fertilizer Bio-fertilizer(da)'s) 

inoculation Mean i•.'C41lation Mean inoculation Mean inoculation Mf:H1 
Non Inoculation Non Inoculalion Non Inoculation Non Inoculation 

15 22.73 27.01 24.87 23.93 28.25 26.09 9.38 13.09 11.24 1O.oJ 13.65 11.84 
)
::l 
::l 14 30 23.54 27.90 25.72 24.85 29.46 27.15 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 II.88 10.78 14.32 12.55'" )
@

~ 15 19.11 24.31 21.71 19.84 24.85 22.35 9.04 12.61 10.83 9.55 12.61 11.08 
"'C'" fi' §21 30 21.21 25.01 23.11 21.95 25.96 23.96 10.29 12.90 11.60 10.58 12.95 11.77en 

t') 


o 
~ '" 

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 
VI 
N ~ 15 13.15 1778 15.47 14.22 18.56 16.39 8.76 10.59 9.68 912 10.22 9.67N a. 
~ 

~.28 30 1634 20.43 18.39 17.26 21.53 19.40 9.93 11.10 10.52 9.8\ 11.04 10.43~. 
o Vl
-.J Mean 14.75 IU.I 16.93 15.74 20.05 17.90 9.35 10.85 10.10 9.17 10.63 10.05 

, 

15 18.33 23.03 20.68 19.33 23.89 2l.61 9.06 1210 10.58 9.57 12.16 10.86 
Mean 

30 2'0·36 24.45 22.41 21.35 2565 23.50 10.32 1276 11.54 10.64 12.99 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 
LS.D. (0.05) For: 

lITigation (I) 0.95 1.00 0.60 0.62 
Phosphorus (P) ** .. .. ** 
Bio-fertilizer (B) ** .. ** ** 

PxB 1.12 1.18 0.70 0.72 
I x P 1.29 1.36 0.83 0.86 
I xB 1.29 1.36 0.83 0.86 

I x Px B 1.78 1.87 1.11 1.15 

• , •• Indicate siplificant at 0.05 and 0.01, respectively. VI 
-.J 
-0 
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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 componen!~ :;;:.cer 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 

IV. 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 EI-Kalla et 
al (1985). They explained such result as a water 
shortage caused stomatal closure and this in tum 
prevents CO2 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 signifi~~nt in;;reas~ 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 
P20 S / 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 2 I 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 P20 S / fad) 
induced significant increase by 14.70 % in total 
sugars of maize grains. Likewise, bio-fertilizer 
application induced significant increasl: 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 irri
gation intervals from J4 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 el~ 

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 presente.d in Table (II). Re

.-., 

sults clearly show that increasing the irrigation 
intervals induced significant increase of 5.02 % 
(at 2 I 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 EI-Bialy (2004) concluded that crude protein 
percentage of maize grains increased under severe 
water stress. Increasing the rate of phosphorus 
ferti lizer from 50 to 100 % of the recolllmended 
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 II. Chemical composition of maize grains as affected by the bio-fertilizer phosphorein and phosphorus fertilizer under different irrigation inter
vals in 2006 season • 

Irriplioll 
Iatmal 
(days) 

Phosphorus 
("cHad) 

Teal cart»ollydrata% 

Bio-r~rtiliur 

laocubtiOll M.~ 
Noa IMelIlati... 

Totalsuprs 
III00S 

Bi..rertiliur 
iMclIlati.. 

NOlI IDoc.latioa 
MaD 

N.. sol.... c8rbohydrat~ 

1'100 I 
m..rerttliur 
IaoculatiOll Man 
NOlI IllOCUlation 

Crud~ protein 0,. '. 
-

Bio-fertilinr 
iDOClIlation Meo\.lI 

NOlI Inoclliation 

PIIos.....ns% 

Bio-f~rtiliur 

illOCulatiolt 
Non IDOCBlatiOll 

Ma. 

IS. 64.68 70.99 67.14 7.59 8.99 U9 57.09 62.00 59.55 8.02 8.69 1.36 0.40 0.52 G.46 

14 30 .69.16 71.S0 .70.33 9.42 10.37 9.90 S9.74 61.13 60.44 8.36 9.14 '.75 0.4S O.SS 0.50 

" 
Mun 66.91 71.15 69.09 1.51 9.61 ~.IO 51.41 61.57 60.00 1.19 1.92 1.56 0.0 0.54 ..... 

I.S 60.60 63.06 61.13 12.77 14.30 13.54 47.83 48.76 ....30 -8.02 9.69 1.16 0.34 0.47 0.41 

11 3,0 62.83 6S.66 64.25 14.44 15.68 15.06 48.39 49.98 49.19 8.69 9.53 9.11 0.44 0.50 G.47 

M~an 

15 

.6.1.72 

55.31 

64.36 

60.66 

.63.~ 

57.99 

13.61 

14.30 

14.99 

16.30 

14.30 

15.30 

41.11 

41.01 

49.37 

44.36 

48.74 

42.69 

8.36 
'" 

9.36 

9.61 

10.25 

.. 
1.99 

9.11 

0.39 

0.32 

0.49 

0.41 

0.44 

0.37 

21 30 S8.30 6206 60.11 16.55 18.71 17.63 41.7S 43.3S 41.55 10.20 11.36 10.78 0.41 0.42 G.42 

M~an _~.81 61.36 59.09 15.42 17.51 16.47 41.31 43.86 42.62 Pi 10.81 10.30 0.37 0.42 0.40 

Meall 
15 

30 

60.20 

63.43 

': 64.90 

66.41 

62.55 

64.92 

11.55 

13.47 

13.20 

14.92 

12.38 

14.20 

48.64 

49.96 

SI.71 

Sl.49 

SO.II 

SO.73 

8.47 

9.08 

9.54 

10.01 

9.01 

9.55 

0.3S 

0.43 

0.47 

0.49 

G.41 

0.46 

Bio-fertilizer ..ean 

L.S.D. (0.051 for: 
Implion (I) 
Phosphorus (P) 
Bi~fCl1ilizcr (0) 

PxO 
I'v P 

.61.12 

. 
65.66 

US.. .. " ., 
NS.·· 

"'" 

63.74 12.51 

" 

'. 

14.06 

1.57
"... 
NS,.", 

13.29 49.30 51.60 

3./6 
NS. 
NS 

""" 

SO.45 1.78 9.71 

0.42.. .. 
0.52 
nl'...J 

9.21 0.39 

'. 

0.48 . 

0.03.. .. 
0.04 
RM 

0.44 

I 1 x PxB 
. -
NS' NS. 

. -
NS 

.. -. 
0.80 

.... 
0.06 

~ 
I» 
~. 

-g'" 
~ 

..~ 

o 
R' 
~, 

~. 

V1 

t 
I 

• ••• and NS indicale si8ftificanlal O.OS. 0.01 and insi8ftificanl. respectively. 
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Data also indicated that bio-fertilizer was asso
ciated with a signifi.cant 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 bie
ferti Iizer. 

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 fertjliz~!' f"em 50 to 100 % of the rec
ommended 'rate iliduced significant increase of 
12.2 % in phosphorus percentage of maize grains. 
In this respect, Abdo (2003) stated that i.ncreasing 
P rate from 7.75 up to 23.25 kg P20S / 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 inducedsignifi 

·cant increase of23.08 % 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 

l. Water consumptive usc (WCU) 

Data of WCU values for maize crop as af· 
fected by irrigation interval, phosphatic fertilizer 
rate and bio-fertilizer treatqtents are shown in Ta
ble (12). Data revealed that WCU values for maize 
crop were ranged f~qITl)6.00 to '55.20' cmjnthe 
first seasoi'; -~nd (mm }5.60 to .5~.40 cm ,in. the 
second one, according to the adopted treatm~nts. 

The highest WCU value~ (53-:43 and. 54.10 ,em) 
were attained as irrigation was practiced at 14 
days interval, while the lowest ones (38.40 and 
37.68 em) were obta.iped with irrigating at 28 days 
interval, in the first and second' seasons, respec

tively. Data also illustrated that irrigating maize
 
crop at 2 J days interval exhibited intenneJiiate
 
WCU values, which comprised 43.33 and 41.S I
 
cm, in the first and second seasons, respectively.
 
The higher WCU values under irrigation at 14
 
days interval may be attributed to the higher avai 1

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 soi I surface
 
as well. These results are in accordance with those
 
reported by Abdel-Aziz and EI-Bialy (2004), who
 
stated that the increase in evapotranspiration rate,
 
due to frequent irrigation, is attributed to maintain

ing the soil moisture at higher Jevel which, en

hanced water absorption by plant root and higher
 
soil surface evaporation.
 

Regarding ,P fertiliztltiQo,.e(fect on WCU for
 
maize crop, data in table (12), indicate,d that
 
higher P fertiJization rate resuJted in higher WCU
 
values for maize crop. The increase reached 4.63
 
and 3.85 %, in the first and second seasons, rl:

spectively more than those obtained under lower P
 -. 
fertilization rate, this trend was lrue 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 EI

Sayed and Youssef (2003), on beanut, who re

corded that the highest WCU was obtained at 30
 
kg P20 S / 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 tirst
 
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 iJlustrated 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. 

" ~. 

n. 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 7737 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 wt'ter consumptive use and water use efficiency of maize as affected by the bio-:.iertilizer phosphorein and phosphorus fertilizer 
under different irrigation intervals in 2005 and 2006 seasons 

. 
\ 

Seasonal water consumptive use (cm) "·Water use efficiency (kg I em I fad) 

PhosphoruS" 
(kg I fad) 

2005 

Bio-fertilizer 
inoculation Mean 

2006 

Bio-fertilizer 
inoculation Mean 

..' 20GS 

Bio-fertilizer 
inoculation Mean 

2006 

Bio-fertilizer 
inoculation Mean 

Non' Inoculation Non Inoculation Non Inoculation Non Inoculation 

15 

30 

Mean 

15 

30 

Mean 

15 

52.2 

52.8 

52.5 

40.4 

429 

41.65 

36.0 

53.50 

55.20 

505 

43.60 

46.40 

45.00. 

38.50 

52.85 

54.00 

53.43 

42.00 

44.65 

43.33 

37.25 

50.2 

50.9 

50.55 

40.0 

41.2 

40.6 

35.6 

56.9 

58.4 

57.65 

41.83 

44.19 

43.01 

37.6 

53.55 

54.65 

54.l0 

40.92 

42.70 

41.81 

36.60 

60.96 

62.42 

61.69 

66.22 

69.22 

67.72 

51.14 

. 70.68 

70.76 

70.72 

78.06 

75.46 

76.76 

64.65 

65.82 

66.59 

66.21 

72.14 

72.34 

72.24 

57.89 

66.74 

68.35 

67.55 

69.44 

74.59 

72.02 

55.92 

69.51 

70.62 

70.07 

83.17 

82.25 

82.71 

69.11 

68.13 

69.49 

68.81 

76.31 

78.42 

77.37 

62.52 

~ 
III 
N' 
G 

(il 
en 
"0 o 
::l 
en 
Cl>-o 
(;' 

a. 
~. ... 
Vl 

30 
,. 
~82 40.90 39.55 37.6 39.9 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 42.81 45.20 44.03 41.93 45.44 43.69 59.44 71.13 65.28 64.03 73.93 68.99 

30 44.63 47.50 46.07 43.23 47.50 45.37 63.84 72.05 67.95 69.07 76.14 72.61 
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Irrigation 
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14 

21 

28 

Mean 

Bio-fertilizer mea n 43.75 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 vvLJE values i.e. (66.21 
and 68.81 kg grains / cm I 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 EI-Sayed and 
Youssef (2003) on peanut. 

Data also revealed that increasing P rate from 
15 to 30 kg P20 S / 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-ferti lizer. 
Concerning the interaction effect, of the adopted 
treatments, on WUE for maize crop, data revealed 
that higher WUE valu~'i were obtained when 
maize crop was irrigated at 2 I days interval as 
well as applying 15 kg P20S / fad and treating the 
grains with the cio-fertilizer (phosphorein). 

CONCLUSION 

Maximum grain yield was achieved when 
maize plants irrigated every 14 days and received 
30 kg P20 S / fad in the presence of bio-fertilizer. It 
is worthy to not that the treatment of 15 kg P20S / 
fad' in the presence of bio-fertilizer phosphorein 
surpassed the treatment of 30 kg P20 S / 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 P20 S / fad in presence of bio
ferti lizer phosphorein. 
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