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INTRODUCTION

Maize (Zea mays L) is one of the
most important cereal crops in Egypt and the
world. Maize is still a major traditional food
and feed crop in many regions. Furthermore,
the grain is a key industrial raw material for
very diverse purposes. In Egypt great attention
has been paid 1o increase its total production.
This could be achieved by using high yielding
cultivars, bacterial inoculation and fertiliza-
tion. In this connection, maize cultivars differ
in growth, grain yield and yield components
as reported by El-Bana (2001); El-Wakil
(2002); Hamed (2003); El-Aref et ai. (2004);
Nofal et al. (2005); Moser et al, (2006), Atta
(2007) and Hassan et al. (2008).

Bio-fertilizer has been identified as an
alternative to chemical fertilizer to increase
soil fertility and crop production in sustainable
farming. Microbial inoculums not only increa-
sed the nutritional assimilation of plant (total
N, P and K), but also improved soil properties,
such as organic matter. content and total N in
soif (Wu et al, 2006). Inoculated maize grains

with Azotobacter and Azospirillum or a
mixture of them increased growth, yield, yield
components and chemical content of maize
grains as reported by Metwally er al. (2007);
Aly et al. (2008) and Gholami et al. (2009).

With regard to growth characters,
grain yield, yield components and chemical
content of maize grains were positively affec-
ted by increasing the rate of nitrogen (mineral
and organic or mineral+organic) fertilizers as
reported by El-Bana and Gomaa (2000); Abd
El-All (2002); Saleh and Nawar (2003);
Suleiman (2004); Abdel-Hameed (2005);
Bader and Othman (2006); El-Maihy (2007);
Shisanya ef al (2008) and Ayoola and
Makinde (2009).

The aim of this investigation was to
study the effect of bacterial inoculation and
nitrogen fertilization (mineral and organic or
mineral+organic) on growth and chemical
content in grains of two maize hybrids.

MATERIALS AND METHODS

This investigation was conducted at
the Agricultural Research and Experimental
Center of the Faculty of Agriculture,
Moshtohor, Benha University, Qalyoubia
Governorate, Egypt, in 2007 and 2008
seasons, to study the effect of two bacterial
inoculation and seven N fertilizer rates on
growth and chemical content in grains of two
maize hybrids.

The investigated soil was clayey in
texture with pH values” of 8.06 and 8.02,
organic mater contents of 1.91and 1.98%, total
N contents of 0.14 and 0.12%, total P contents
of 0.13 and 0.14% and total K contents of 0.48
and 9.49% in the first and second growing
seasons, respectively. The experimental sites
were preceded by wheat in the two seasons.
Each experiment included 28 treatments
consist of the combinations of two maize
hybrids [Single cross 30k8 (8.C. 30k8) and
Single cross 30k9 (S.C. 30k9)], two bacterial
inoculation (noninoculation, inoculation with

mixture of Azotobacter+Azospirillum) and the
seven N fertilizer rates [zero, 60 kg N mineral
(60 kg M), 120 kg N mineral (120 kg M), 60
kg N organic (60 kg O), 120 kg N organic
(120 kg 0), 30 kg N mineral (30 kg M) + 30
kg N organic (30 kg O) and 60 kg N mineral
(60 kg M) + 60 kg N organic (60 kg O)/fed].

The bacterial inoculation was con-
ducted by efficient strains of nitrogen fixing
bacteria namely, Azotobacter chroococcum
and Azospirillum brasilense supplied by the
Microbiology Department, Soil, Water, and
Environment Research Institute, ARC, Giza,
Egypt. The used maize hybrids i.e. S.C.30K8
and S.C.30K9 were developed by Pioneer
Company.

The used organic fertilizer was farm-
yard manure (FYM) whose chemical compo-
sition is presented in Table(l). The manure
was applied during soil preparation before
sowing, while the rates of the mineral N
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fertilizer in the form of urea 46% N were
added at two equal doses, the first dose after
thinning just before the first irrigation while

the second one was applied just before the
second irrigation in both seasons.

Table (1): Some characteristics of the farmyard manure used in the study.

Characteristic 2007 season 2008 season
Moisture % 35.50 34.40
Total C% 15.6 16.4
Total N% 0.98 0.94
Total P% 0.42 0.38
Total K% 0.92 0.96
C/N ratio 16:1 17:1
Organic matter % 26.89 28.28
pH(1:5) 7.80 7.98
EC(1:5) dSm™ 3.8 34

A spilt plot design with three repli-
cations was used in each trial. The four
treatments of the combinations between two
maize hybrids and two bacterial inoculations
were allocated with main plots and the seven
treatments for nitrogen were distributed
randomly in the sub plots. Each sub-sub plot
was 10.5 m® (1/400 fed) consisting of 5 ridges,
35 m long and 70 cm width while, the
distance between plants was 25 cm.

Before sowing of maize hybrids soil
samples were taken from plots for soil analy-
sis. At planting, super phosphate (15.5%), at a
rate of 30 kg P,Os/fad was applied. Maize
grains were inoculated with a mixture of
Azotobacter+ Azospirillum immediately at
planting where the adhesive glue material was
added to 500 mL of mild hot water, splashed
on grains and then the bacterial strains were
added, well mixed with grains and air dried
for adbesion. Maize grains were planted on
28" and 18" of May in the first and second
seasons, respectively. All recommended cultu-
ral practices for the region were followed in
both seasons. :

Random samples of ten plants were
taken from each sub-sub plot at the 85 day

from planting ‘to determine plant height (cm),
ear height (cm), stem diameter (cm), leaf area
of topmost ear (cm?) and number of ears/plant.

Grains were oven dried at 60-70 °C
for 48 hours ground to pass through a 0.5 mm
sieve and sub samples of 0.2 g portions were
wet digested using a mixture of sulphuric
(H,SO,) and perchloric (HCIQ,) acids. The
digest was analyzed for N, P and K. Total
nitrogen percentage in grains according to the
modified micro Kjeldahl method (A.0.A.C,,
1990). Crude protein content in grains was
estimated by multiplying nitrogen percentage
X 6.25. Protein yield / feddan = Grain yield kg
x crude protein content. Potassium was
evaluated in the acid digest by flame photo-
meter according to the method described by
Jackson (1973). Phosphorus was determined
in the digest using the method of Murphy and
Riley (1962).

Data of the experiments were statis-
tically analyzed according to Gomez and
Gomez (1984). L.S.D test at 0.05 level of
probability was used to compare between
means.
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RESULTS AND DISCUSSION

1- Effect of the studied varieties of maize,
inoculation and N fertilizer rates on its
growth parameters:

1.1- Varietal differences.

Data in Table (2) show effect of the

varietal differences on growth parameters i.e.
plant and ear height, stem diameter, number of
ears per maize plant and leaf area of topmost
in the first and second seasons. Ear height,
stem diameter and leaf areca of topmost of
maize were significantly affected by the two
maize hybrids under study in one season out
of two. Maize hybrid S.C. 30k9 gave higher
mean values of the above mentioned parame-
ters. On the other hand, the difference between
two maize hybrids was not significant on plant
height and number of ears per plant in both
seasons.

These differences may be due to the
genetical differences between the two studied
maize hybrids. Similar results were obtained
by El-Bana (2001); El-Wakil (2002); Hamed
(2003); El-Aref et al (2004); Nofal ef al
{2005);, Moser et al. (2006); Atta (2007) and
Hassan et al. (2008).

1.2- Effect of the bacterial inoculation.

Maize ear height, stem diameter and
leaf arca of topmost of maize were signifi-
cantly increased by bacterial inoculation in
both seasons as shown in Table (2). Stem
diameter increased with the inoculation by
6.81% and 5.47% compared to noninoculated
plants in the first and second seasons, respec-
tively. Leaf area of topmost ear maize increa-
sed with the inoculation by 2.67 and 4.54%
compared to noninoculated plants in the first
and second seasons, respectively. On the other
hand, plant height and number of ears per
plant were not significantly affected by
bacterial inoculation in both seasons. These
microorganisms may produce some substan-
ces which improve plant growth. Similar
results were obtained by Wu er al. (2006);
Metwally et al. (2007); Aly et al. (2008) and
Gholami et al. (2009).

1.3- Effect of rate of the applied N.

Maize plant height, stem diameter,
number of ears per plant and leaf area of
topmost in both the studied seasons as well as,

ear height in the second one, were signifi-
cantly increased by increasing N fertilizer rate
as shown in Table (2). Application of 120 kg
M /fed in the mineral form gave higher values
for the above mentioned parameters. Applica-
tion of N rate 120 M/fed in the mineral form
significantly increased maize stem diameter in
the first season by 49.40, 29.71, 36.81, 21.68,
17.52 and 5.45%, compared with the zero, 60
kg M, 60kg O, 120kg O, 30 kg M +30kg O
and 60 kg M+560 kg O/fed respectively. In the
second season, the corresponding increases
were 52.80, 31.40, 33.99, 23.07, 16.23 and
4.61%, respectively. Increasing nitrogen rate
from 0 to 60 kg M, 120 kg M, 60 kg O, 120
kg O, 30 kg M + 30 kg O and 60 kg M+60 kg
O /fed caused significant increases in number
of ears per maize plant of about 17.35, 40.49,
12.39, 19.83, 15.70 and 30.57%, respectively
in the first season, and corresponding increa-
ses of about 13.82, 35.77, 12.19, 17.09, 10.56
and 25.20%, respectively in the second
season. Similar results were obtained by El-
Bana and Gomaa (2000); Abd El-All (2002);
Saleh and Nawar (2003); Suleiman (2004);
Abdel-Hameed (2005); Bader and Othman
(2006); El-Maihy (2007); Shisanya et al.
(2008) and Ayoola and Makinde (2009).

2- Effect of maize variety, inoculation and
rate of the applied N fertilizeron
chemical components of maize grains.

2.1- Varietal differences.

Data in Table (3) show effect of the
varietal differences on protein percentage,
protein yield per feddan, N, P and K contents
in maize grains in the first and second seasons.
The difference between the two maize hybrids
were significant on protein percentage, protein
yield per feddan, N, P and K contents in maize
grains in both seasons. S.C. 30k9 gave higher
mean values of protein yield per feddan
(359.29 and 367.29 kg), those attained due to
S.C, 30k8 (311.38 and 322.55 kg) in both
scasons. In the first and second seasons 1679
and1122 mg kg increases in N content of
maize grains occurred in the first and second
seasons due to S.C. 30k9 than S.C. 30k8.
These results agree with those obtained by El-
Bana (2001); El-Wakil (2002); Hamed (2003);



Response Of Two Maize Hybrids For Bacterial Inoculation, Orgunic &.... Ag. 115

El-Aref et al. (2004); Nofal et al. (2005);
Moser et al. (2006); Atta (2007) and Hassan et
al, {2008).

2.2- Effect of the bacterial inoculation.

Bacterial inoculation affected signifi-
cantly protein percentage, protein yield per
feddan, N, P and K contents in maize grains in
the first and second seasons as shown in Table
(3). Protein yield per feddan increased due to
the inoculation by 7.15 and 4.63% compared
to the noninoculated plants in the first and
second seasons, respectively. N content in
maize grains increased with the inoculation by
587 and 600 mg kg' compared to non-
inoculated plants in the first and second
seasons, respectively. Similar results were
obtained by Wu et al. (2006); Mctwally et al
(2007); Aly et al. (2008) and Gholami et al.
(2009).

2.3- Effect of rate of the applied N.

Protein percentage, protein yield per
feddan, N, P and K contents in maize grains
were significantly increased by increasing rate
of the applied N fertilizer in the first and

second seasons as shown Table (3). In the first
season, applying N rates 60 kg M, 120 kg M,
60kg O, 120 kg O, 30 kg M + 30 kg O and 60
kg M+60 kg O /fed caused significant increa-
ses in protein yield of maize by 45.75, 97.17,
19.87, 40.88, 39.19 and 89.94%, respectively
when compared to the control treatment (zero
nitrogen fertilization). In the second season,
the respective increases were 35.20, 96.54,
21.94, 40.77, 32.09 and 82.61%. The differen-
ces in effect of nitrogen content on maize
grains between the 60 kg M/fed and 120kg
O/fed were not significant in both seasons.
The present results show clearly the influence
of nitrogen on increasing the nutritive value of
cereals. This result is mainly due to the effect
of nitrogen application on increasing protein
percentage in maize grains and grain yield per
feddan. Such results are in agreement with
those of El-Banna and Gomaa (2000); Abd
El-All (2002); Salzh and Nawar (2003);
Suleiman (2004); Abdel-Hameed (2005),
Bader and Othman (2006); El-Maihy (2007);
Shisanya et al. (2008) and Ayoola and
Makinde (2009).

Table (2): Growth parameters of maize plant as affected by variety, inoculation and rate of

the applied N fertilizer at the 85 age day in 2007 (S1) and 2008 (S2) seasons.
Plant height Ear Stem Nuinber of | leaf area of
Treatments (cm) height(cm) | diameter (cm) | ears plant” | topmost (cm®)
St [ s2 [ st [ s2 [ st [s2 [ st | s2] st ] Sz
Verities -
S.C.30K8 299.83 | 296.07 | 146.21 | 14447 | 2.28 222 144 142 | 927.00 | 950.83
§.C.30K9 295.90 | 29433 | 146.76 | 14628 | 2.27 2.28 145 144 | 952.74 | 96041
LSDat5% | NS | NS | NS | 171 | NS | 006 | NS | NS | 2378 | NS
Inoculation
Nounin, 26540 | 293.04 | 14526 | 144.66 | 2.20 2.19 142 141 | 92745 | 934.38
Ingc, 300.33 | 296.09 | 147.71 | 14609 | 235 231 147 145 952.29 !
LL‘S.D at 5% N.S N.§S 1.23 1.07 0.07 0.06 N.S N.S 23.78 | 40.85
N rates (kg/fed)
Zero 274.08 | 269.75 | 137.58 | 13441 1.84 1.78 1.21 1.23 | 871.25 | 881.50
60 M 290.83 | 287.00 | 144.08 | 14641 | 2.12 2.07 142 140 | 92758 | 92942
120 M 314.00 | 312.83 | 156.66 | 154.25 2.75 2.72 1.70 1.67 |1017.75]1050.75
600 289.83 | 290.75 | 141.58 | 141.16 | 2.01 2.03 1.36 1.38 | 890.00 | 899.16
1260 29591 | 29433 | 14441 | 14333 | 226 221 145 144 | 922,50 | 920.00
30M+300 | 306.50 | 301.58 | 149.75 | 14825 | 2.34 2.34 1.40 1.36 | 967.33 | 986.00
60 M+600 | 313.91 | 310.16 | 151.33 | 14983 | 2.60 2.60 .58 1.54 | 982.67 | 102250
LSDat5% | 10.63 8.64 N.§S 1.95 0.09 0.05 16.70
M=Mineral 0=0Organic N.S=Insignificant
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Table (3): Some chemical components of maize grains as affected by variety, inoculation

Protein (%) | * "Otell ilgeld fed

and rate of the applied N fertilizer in 2007 (S1) and 2008 (S2) seasons.

K (mg.kg)

St | S2 | $2

S1 | S2

Verities

7.37 | 7.64 322.55

11756

23331 | 23666

8.39 | 8.34 367.29

13435

24938

0.07 | .16 8.90

130

1092

Inoculation

7.68 337.12

12302

12495 22304

8.07 352.72

12889

13095 25965

0.07 9.90

130

221 1092

N rates (kg/fed)

6.92 239.25

10954

11248 18776

8.06 323.47

12916

12872 25003

8.59 470.23

13758

14050 28077

7.58 291.75

12136

12287 20931

8.02 336.80

12831

12966 23563

7.65 316.04

12254

12499 24826

8.32 436.91

13320

27766

0.19

M=Mineral s w— I

3. Interactions effect:

Effect of the interaction between
maize hybrids and bacterial inoculation was
significant on P content in maize grains (Table
4a). S.C. 30k9 under inoculation with a
mixture of Azotobacter+Azospirillum gave
higher P value than the S .C. 30k8.

The effect of the interaction between
maize hybrids and rate of the applied N
fertilizer was significant on ear height, stem
diameter, P and K contents in maizc grains in
the combined analysis (Table 4b). Maize
hybrid S.C. 30k9 under 120 kg M/fed or 60
M+60 O kg/fed gave the highest values of the
above mentioned characters.

Table (4 a): Effect of the interaction between maize hybrid and bacterial inoculation on P

“Maize hybrids

Bacterial inoc,

Nonin.

L.S.D at 5%

1

Nasigniﬁcant

Effect of the interaction between
bacterial inoculation and rete of the applied N
fertilizer was significant on protein percentage
and N content in maize grains (Table 4c).

Inoculation with a mixture of Azotobacter +
Azospirillum under 120 kg M /fed or 60 M+60
O kg/fed gave the highest values of the above
mentioned characters.



Response Of Two Muaize Hybrids For Bacterial Inoculation, Organic &.... Ag. 117

Maize hybrid S.C. 30k9 and inoculation with
mixture of Azotobacter+Azospirillum under
120 kg M/fed or 60 M+60 O kg/fed gave the
highest values of above characters.

Effect of the interaction between
maize hybrids, bacterial inoculation and N
fertilizer rates was significant on protein
percentage, N content and P content in maize
grains in the combined analysis (Table 4d).

Table (4 b): Effect of the interaction between maize hybrid and rate of the applied N
fertilizer on ear height, stem diameter, P and K contents in maize grains
(over the combined analysis

Maize | SC. | SC | SC. | 8C. | SC. | SC. | SC. | SC
hybrids 30K8 | 30K9 | 30K8 | 30K9 | 30K8 | 30K9 | 30K8 | 30K9
N rates Stem ' 1
Ear height(cm) . P mg.kg Kmgkg
(kg/fed) diameter(cm)
Zero 136.58 | 13542 1.80 1.80 2900 3397 18537 | 18792
60 M 14242 | 148.08 | 227 1.92 4244 4337 | 23506 | 26845
120M 155.66 | 155.25 2.66 2.81 4547 4532 25764 | 29766
600 141.00 | 141.75 | 2.00 2.03 3455 3565 | 22269 | 20636
1200 143.66 | 144.08 2.23 223 3629 | 3819 23909 | 23766
30M+300 | 147.83 | 15333 2.22 245 4124 4361 24106 | 25834
§ 60M+600 | 15025 | 14775 | 2.55 | 2.66 4390 4542 | 26398 | 29404
L.S.D at |
1.80 0.07 121 1336 i
5% j
M=Mineral =Organ i M ' N=Insignicant .

Table(4 ¢): Effect of the interaction between bacterial inoculation and rate of the applied N
fertilizer on protein percentage and N content in maize grains (over the
combined analysis)

Bacterial inoc.
N rates (kg/fed)
Zero
60 M
120M

Inoc.

Protein%

7.19
8.19
8.78
7.94
8.34
171
8.69

600
1200
IOM+300
60 M+60 O
L.S.D at 5%
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Table(4 d): Effect of the interaction between maize hybrids, bacterial inoculation and rate
of the applied N fertilizer on Protein percentage, N and P contents in maize

: rams over the combmed anal sns

Maize hybrids 30KS 30K9
Treatments N mgkg”
Zero 10442 11199
60 M 11900 13459
120 M 13075 14450
60 O 10748 12642
1200 11558 13365 .
30M+300 12099 12529
60 M+60 O 12567 13559
Zero 10545 12220
60 M 12534 13687
120M 13442 14650
600 12042 13416
1200 12507 14167
30 M+30 0 11089 13792
60 M+60 O 13392
L.S.D at 5%
M=M.ineral O=Orgamc N. S*'Ins1gmﬂcant
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