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ABSTRACT

The study was carried out at the Agricultural Research and Experimental
Center of the Faculty of Agriculture, Moshtohor, to determine the effect of foliar
application of zinc sulphate (zero, 0.4%) and four nitrogen fertilizer levels(60, 90,
120 and 150 kg/fed) on growth, yield and yicld components for three maize
hybrids (T.W.C.310, S.C.122 and S.C.155 Yellow). The important results which
were obtained from this study were as follows:

The varietal differences were significant in all agronomic growth
characters, ear characters, yield and yield components in combined analysis
except ear diameter, number of kernels/row and 100-kernel weight .S.C.122 gave
the highest values of ear height, leaf area topmost ear, number of ears/plant, ear
length, weight of kernels/ear, grain yield/plant and grain yield/fed as compared
with TW.C.310 and S.C. 155Y.

Zinc application as spray resulted in significant increases in plant height,
ear height, leaf area topmost ear, number of ears/plant, ear length, weight of
kernels/ear, grain yield per plant and fed in the combined analysis.

Applying of 120 or 150 kg N/fed caused increased significantly all growth
characters, ear characters, yield and yield components in the combined analysis except
number of rows/ear and shelling percentage more than 60 or 90 kg N/fed.

The interaction between maize hybrids and spraying of zinc significantly
affected ear height, ear length and grain yield/fed. Interaction between maize
hybrids and nitrogen fertilizer levels significantly affected plant height, ear
height, stem diameter, weight of kernels/ear and grain yield/fed. Interaction
between spraying of zinc and nitrogen fertilizer levels significantly affected ear
height and grain yicld/fed in the combined analysis.

It could be concluded that under the conditions of the experiment,
S.C.122 supplied with 120 or 150 kg N/fed and spraying of zinc gave the highest
grain vield/fed
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and yield components.
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INTRODUCTION

Maize (Zea mays L.) is one of the most important cereal crop 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 to increase its total production.
This could be achieved by using high yielding cultivars and fertilization. In this
connection, maize cultivars differ in growth, grain yield and yield components as
reported by El-Sheikh (1998); El-Bana (2001); Khalil (2001) and El-Wakil
(2002).

As for zinc spraying, Khalil (1992) found that growth characters
significantly increased by increasing Zn level up to 0.8%. Hefni ef a/. (1993 a, b)
illustrated that the mean values of leaf area/plant and leaf area index at 60 and 75
day after sowing and stem diameter significantly increased by increasing the level
of zinc sulphate up to 0.3%. Ashoub ef al. (1996) reported that zinc application as
foliar spray resulted in significant increases in ear length, ear diameter, number of
grains/row, weight of 100 grains, shelling percentage, grain and straw yield/fed in
the two seasons.

With regard to growth characters, grain yield and yield components were
positively affected by increasing the rate of nitrogen fertilizer (Zaghloul, 1999;
Salem, 1999; El-Banna and Gomaa, 2000; Sobh et al., 2000; El-Banna, 2001 and
El-Wakil, 2002).

The aim of this investigation was to study the effect of nitrogen
fertilization and foliar application of zinc on growth, yield and yield components
of some maize hybrids.

MATERIALS AND METHODS

This investigation was conducted at the Agricultural Research and
Experimental Center of the Faculty of Agriculture, Moshtohor, Kalubia
Governorate, Benha University, Egypt, in 2005 and 2006 seasons, to study the
effect of nitrogen and zinc fertilization on growth, yield and yield components of
three maize hybrids.

The soil type was clay with pH value of 7.89 and 7.80. Organic mater
was 1.85 and 1.96%. Total N was 0.19 and 0.21% and contained 0.78 and 0.88
ppm of zinc in the first and second growing seasons, respectively. The
experimental sites were preceded by wheat in the two seasons. Each experiment
included 24 treatments which were the combinations of three maize hybrids
[Thiee way cross 310 (T.W.C. 310), Single cross 122 (S.C. 122) and Single cross
155 yellow (S.C.155 y)], two foliar application of zinc (without zinc and 0.4%
ZnS0,) and four nitrogen levels (60, 90, 120 and 150 kg N/fed) in the form of
ammonium nitrate 33.5%N. Nitrogen levels were applied in two split applications
before the first and second irrigations. Foliar application of zinc equal to 400
liters solution/fed spraying at 45 days from planting.
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The experimental design was split-split plot design with three
replications. Maize hybrid were arranged at random in the main plots, foliar
application of zinc in the sub-plots and N-levels in the sub-sub plots. Each sub-
sub plot was 10.5 m? (1/400 fed) consisting of $ ridges, 3.5 m long and 70 cm
width while, the distance between plants was 25 cm planting date was June 14"
and 8" in 2005 and 2006 scasons, respectively. All recommended cultural
practices for the region were followed in both season.

Random samples of ten plants were taken from each sub-sub plot at 90
days from planting to determine plant height (cm), ear height (cm), stem diameter
{cm), leaf area of topmost ear (cm®) and number of ears/plant. At harvest ten
plants were taken at randoni from each sub-sub plot to determine ear length (cm),
ear diameter (cm), number of rows/ear, number of kernels/row, kernels weight/ear
(g), grain yield/plant (g), shelling percentage and 100-kernel weight. Grain yield
(kg/fed) was determined on the whole sub-sub plot basis. The grain yield per fed
was adjusted to 15.5% moisture content. Data of the experiments were
statistically analvzed according to Stecl and Torrie (1980). The combined analysis
of variance for two scasons was conducted testing the error homogeneity, and
L.S.D test at 0.05 level of probability was used to compare between means.

RESULTS AND DISCUSSION

A- Effect of growing seasons:

Results in Table (1) show that the seasonal effect was insignificant for
all traits under study except ear height, 100-kernel weight and grain yield/fed.
Higher mean values for all characters were detected in the second season except
ear diameter and shilling percentage. It could be concluded that the increase of
grain yield and other characters in the second season may be due to early planting
date accompanied with high percentage for organic matter and total N in the
experimental soil.

Table (1): Mean values of seasonal effect.

Ear

height | diameter
(cm) (cm)
1274 2.33
129.6 2.34

** ns ns

! Traits No.of | wt.of Grain
kernels | kermels yield
| Seasons row ear (gm) | Plant (gm)

42.46 | 227157 255.4 83.63
42.51 | 228.69 256.2 83.43
ns ns ns

Shelling
%
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B- Growth characters:
1) Varietal performance:

Data presented in Table (2) reveal that the differences among maize
hybrids regarding growth characters i.e. plant height, ear height, stem diameter,
leaf area of topmost ear and number of ears/plant were significant in both seasons
as well as combined analysis. The two hybrids (S.C. 122 and T.W.C. 310)
surpassed S.C.155Y for. all the growth characters in the two seasons and
combined analysis except plant height. S.C.122 gave the highest values of ear
height, leaf area topmost ear and number of ears/plant in the first season and leaf
area topmost ear and number of ears/plant in the combined. However, the two
hybrids S.C. 122 and T.W.C. 310 gave the highest values of ear height and stem
diameter in the second season and combined, leaf area topmost ear and number of
ears/plant in the second season only. These results are mainly due to the
differences in the genetical make up among maize hybrids. These results are in
accordance with those obtained by El-Sheikh (1998); El-Banna (2001); Khalil
(2001) and El-Wakil (2002).

2) Effect of zinc application:

Data in Table (2) indicate that the spraying of zinc sulphate genera]ly led
to significant increases in number of ears/plant in the first season, plant height,
leaf area of topmost ear and number of ears/plant in the second season and plant
height, ear height, leaf area, topmost ear and number of ears/plant in the
combined analysis. These results may be due to the role of zinc as an essential
component for the activity of some dehydrogenases. proteinases and alcohol
dehydrogenase (Vallee and Wacher, 1970). Similar results were obtained by
Hefni ef al. (1993 a).

3) Effect of nitrogen fertilizers:

Table (2) show that mean values of growth characters in both scasons as
well as combined analysis were significantly increased by increasing N levels up to
150 kg N/fed. The highest values of plant height, ear height, stem diameter, leaf area
topmost ear and number of ears/plant in the first and second seasons as well as
combined analysis were obtained with the highest nitrogen fertilizer level (150 kg
N/fed). Similar results were reported by El-Sheikh (1998) and El-Wakil (2002). '

C- Ear characteristics:
1) Varietal performance:

The results illustrated in Table (3) indicate clearly that the three maize
hybrids differed significantly in their ear characters. S.C.122 and T.W.C.310
produced the highest value of ear diameter and weight of kernels/ear in the first
season and ear length, number of rows/ear and weight of kernels/ear in the second
season as well as combined analysis. Differences among T.W.C.310, S.C.122 and
S.C.155Y for ear length, ear diameter and number of kernels/row in the first
season and ear diameter and number of kernels/row in the second as well as
combined analysis were insignificant. Similar results were obtained by Hefni er
al. (1993 b), El-Sheikh (1998) and El-Wakil (2002).



seasons as well as combined analysis.

Table (2): Effect of hybrids, zinc spraying and nitrogen fertilizer on some growth characters of maize plants ia the first and second

Plant height Ear. height Stem diameter LA. of topmost
Treatmests e (cm) (cm) Ear (cm2) No. of cars/plant
S1 [ S2 [Comb. [ St [ S2 [Comb. | St | S2 [Comb.| St | S2 [Comb.| St | S2 | Comb.
hybrids
T.W.C310 [ 259259 259 [ 128 ] 132 ] 130. [ 23 [ 23 [ 23 [579[5798[ 5738 | 1.13 | 1.13 | 113
S.C.122 249 (247 248 | 131 (131 ] 131 [ 23|23 | 23 585 | 595 | 590 | 1.161 [ 1.162] 1.162
SC15SY [249(247] 254 [123[125] 124 [ 22 [22 ] 22 | 548 | 544 | 545 | 1.060 | 1.073 | 1.067
LSD.5S%) | 6 | 8 4 2 | 3 2 004003 002 16 | 29 14 [0.013]0.044 ] 0.019
Za.spray
Control 252252 252 (127129 ] 128 [22 23] 23 | 55 | 569 | 57 | 1.110 | 1.110] 1.110
2551255 255 | 128 | 130 | 129 |23 [ 23] 23 | 569 | 579 | 572 | 1.127 [ 1.133] 1.130
LSD.5%) | ns | 3 2 ns | ns 1 ns | ns ns ns 3 3 0.05 | 0017 0.008
N-Fert.
60 (kgffed) 12421242 242 [ 126 [ 128 ] 127 [22 [ 23] 22 | 543 | 551 | 547 | 1088 ] 1.097] 1.093
’ 250 {251 251 (127 ] 129 ] 128 [ 23 23] 23 | 562 | 569 | s64 | 1.117 | 1.118 | 1.117
120(kg/fed) [ 258 [ 259 259 [ 128 [130 [ 129 [23 [ 23 | 23 | 579 [ 587 | 583 [ 1.132 [ 1.132] 1.132
150(kg/fed) [ 263 [262 [ 263 [ 129 [ 131 [ 130 | 23 | 23] 23 | 583 | 585 | 584 | 1.138 [ 1.140 | 1.139
LSD.5%) | 2 | 2 2 [069]1.13] 065 |0011002] 001 | 42 | 38 3 0.006 | 0.011 | 0.006
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Table (3): Effect of hybrids, zinc spraying and nitrogen fertilizer on ear characters of maize plants in the first and second seasons
as well as combined analysis

Ear. length(cm) Ear. Diameter (cm) No. of rows/ear No. of kernels'row | Wt. of kernels/ear(g)

Treatments ™o T 52 [Comb.| SI | S2 |Comb.| Si | S2 [Comb.| S1 | S2 |Comb.| S1 | S2 | Comb.

Hybrids
TW.C310 | 176 | 175 | 175 { 435 | 427 | 432 | 138 | 137 | 137 | 436 | 420 | 428 | 235 | 227 | 231
S.C.122 18.1 § 185 | 183 | 443 | 437 [ 441 | 140 [ 139 | 140 | 426 | 432 | 429 | 239 | 242 | 41

S.C.155Y 165 1 170 | 166 | 422 | 424 | 423 | 138 | 144 | 141 | 412 | 424 | 418 | 208 | 217 212
LSD.(5%)| ns | 044 | 064 | 0.16 | ns ns ns | 054 | 025 | ns ns ns 4 5 3
Za.spray
Control 170 | 17.2 | 17.1 | 435 | 427 | 432 | 139 | 139 | 139 | 424 | 419 | 42.1 226 225 226
Spraying 178 | 18.2 | 180 | 431 | 432 | 432 { 139 | 14.] 140 | 426 | 432 | 429 | 229 232 231
L.S.D.(5%) | 066 | 042 | 035 | ns ns ns ns ns ns ns | 124 | ns 2 2 1
N-Fert. :

60 (kg/fed) | 163 | 170 { 166 | 405 | 414 | 410 | 139 | 137 | 138 | 408 | 408 | 40.8 | 220 | 222 221
90(kg/fed) 175 1 174 | 175 | 435 | 416 | 425 | 139 | 141 | 140 | 425 | 426 | 425 | 227 226 227
120 ed) | 176 | 18.0 | 178 | 446 | 443 | 445 | 139 | 140 | 139 | 432 | 430 | 43.1 232 231 231
1 ed) | 182 | 183 | 183 | 448 | 447 | 448 | 138 | 142 | 140 | 434 | 436 | 436 | 232 235 234

-

L.S.D.(5%) | 0.81 | 022 | 041 | 0.16 | 0.26 | 0.I15 | n.s ns ns 1.7 | 09 0.9 1.9 23 1.4

68
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2) Effect of zinc application:

There were no significant differences in ear diameter, number of
rows/ear and number of kernels/row in the first and second seasons as well as
combined analysis as affected by foliar application with zinc sulphate (Table, 3).
These results may be due to the fact that regarding these characters are genetically
controlled and are not easy to be modified by the other applied environmental
factors. Hefni et al. (1993 b) obtained similar conclusions. On the other hand, the
average values of ear length and weight of kernels/ear significantly increased in
the first and second seasons as well as combined analysis by foliar application
with zinc sulphate. The same results were obtained by Khalil (1992) and Ashoub
et al. (1996).

3) Effect of nitrogen fertilizer:

Table (3) indicates that the ear length and diameter, number of
kernels/row and weight of kernels/ear were significantly affected by nitrogen
fertilizer levels in the first and second seasons as well as combined analysis, but
number of rows/ear in both seasons and combined analysis was not significantly
affected. The highest values of ear length, ear diameter, number of kernels/row
and weight of kernels/ear were obtained with highest dose of nitrogen fertilizer
(150 kg N/fed). There were significant response to nitrogen with ear characters
asserting the vital need for N application to maize production in this soil. These
results agree with those reported by El-Sheikh (1998), El-Banna (2001) and
Khalil (2001).

D- Grain yield and its related characters:
1) Varietal performance:

The three maize hybrids showed marked differences in grain yield/plant,
shelling percentage, 100-kernel weight and grain yield/fed (Table 4). Hybrid
S.C.122 gave the highest values for all studied traits in both seasons and
combined analysis. The results also show that S.C.122 surpassed T.W.C.310 and
S.C.155Y in grain yield/plant by 6.77% and 23.00%, in grain yield/fed by 7.97%
and 14.90% in the combined analysis, respectively. The superiority of S.C.122 is
reflected in its superiority over the other tested hybrids in the leaf area topmost
car. number of ears/plant, ear length, ear diameter, number of kernels/row, weight
of kernels/ear, grain yield/plant and 100-kernel weight. Similar results were
reported by El-Sheikh (1998), El-Banna (2001); Khalil (2001) and El-Wakil
(2002).

2) Effect of zinc application:

Data in Table (4) indicate that the spraying of zinc sulphate significant
increases grain yield/plant and grain yield/fed in both seasons and combined
analysis, 100-kernel weight in the second scason and combined analysis. These
increases in the yield components may be due to the increases in leaf area
topmost and number of ears/plant. Furthermore, the increase in grain yield is
mainly due to the increases in yield components. Similar results were obtained by
Khalil (1992); Hefni et al. (1993 b) and Ashoub et al. (1996).
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3) Effect of nitrogen fertilizer:

There were significant responses to nitrogen with grain yield and its
components asserting the vital need for N application to maize hybrids production
in this soil. Results in Table(4)reveal that increasing N-level from 60 to 90 or 120
or 150kg N/fed led to significant increases in grain yield/plant by 5.35%, 8.96%
and 10.42%; in 100-kernel weight by 4.41%, 5.79% and 7.16% and in grain
yield/fed by 3.91%, 8.81% and 8.71% in the combined analysis, respectively. The
increases in yield and components may be due to the increases in the growth
characters and indirectly affected by N general functions in plant. Russell (1973)
stated that the higher of nitrogen supply the more rapidly the synthesized
carbohydrates are converted to proteins and to protoplasm and the small
proportion left available for cell wall material. Furthermore, the increase in grain
yield/fed is attributed mainly to the increases in yield components. These results
are in harmony with those of Ashoub ef al. (1996); El-Sheikh (1998). Zaghloul
(1999); Salem (1999); El-Banna and Gomaa (2000); Sobh et al. (2000); El-Banna
(2001) and E1-Wakil (2002).

Table (4): Effect of hybrids, zinc spraying and nitrogen fertilizer on grain
yield of maize and its characters in the first and second scasons as
well as combined analvsis

Grain - Wi of 100- Grain yield
Treatments | viadplant (@) | SPUMR% | permag) (kgffed)
S1 [ 82 [Comb.] S1 [ S2 [ Comb.| S1 [ S2 [ Comb.| S1 | S2 | Comb.

Hybrids
T.W.C310 |267|255| 261 |839|842| 84.1 [372|383| 378 [3094|3176| 3135
SCi22 278 (281 279 [84.0[840| 840 |379]391] 385 [3346(3424| 3385
SCISSY |221)233] 227 |83.0|820| 825 [368/380( 374 2837|3055 2946
LSD.(5%) |64(98]| 49 (05| ns| 12 |ns|{ns| ns 15 | 27 13
Znspray
Control 252(250| 251 |836|83.0] 833 |370|380| 374 |3061]3201| 3130
Spraying 259(262] 261 |83.6|838| 838 [376]392| 384 |3124]3235| 3180
LSD.(5%) |37]|25| 18 |ns|ns| ns |ns|10]| 07 7 8 5
N-Fert
60 (kgffed) (239)1242| 241 |835(834| 835 [354|372| 363 |2939)|3058| 2995
ed) (2541253| 254 |83.6|842| 839 |374|383| 379 3046|3178 3112
120(kgffed) |263(262| 263 |83.7|830| 834 (381|388 384 |3199|3319| 3259
1 265)1267] 266 |83.6|83.1] 834 3821395 389 |3194|3319] 3256
LSD.(5%) [30]23| 18 (013|ns| ns |LI[12] 08 10| 7 6

E- Interaction effects:

Insignificant effect of interaction between maize hybrids and application
of zinc was obtained for all the studied traits except ear height, ear length and
grain yield/fed in the combined analysis (Table 5a). The highest value for ear
height, ear length and grain yield/fed were 131.3 cm, 18.42 cm and 3408 kg
respectively, obtained from S.C.122 hybrid by spraying zinc sulphate. Different
between S.C.122 and T.W.C.310 hybrids by spraying zinc on the ear height and
ear length were not significant. On the other hand, the lowest values of ear height,
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ear length and grain yield/fed were 122.5cm, 16.21 cm and 2929 kg, respectively
obtained from S.C.155 Y without spraying zinc.

Data illustrated in Table (5 b) show that the average values of ear height,
stem diameter, weight of kernels/ear and grain yicld/fed were significantly
affected by the interaction between maize hybrids and nitrogen fertilizer levels in
combined analysis. The highest mean value of ear height was 132.7 cm, obtained
from T.W.C.310 without significant S.C.122 by 150 kg N/fed without significant
120 kg N/fed, for stem diameter was 2.42 cm obtained from S.C.122 by 150 kg
N/fed and for weight of kernels/ear and grain yield/fed were 244.5 g and 3489 kg,
respectively obtained by S.C.122 by 150 kg N/fed without significant by 120 kg
N/fed. Whereas the lowest value of ear height, stem diameter, weight of
kernels/ear and grain yield/fed were 122.3 cm, 2.26 cm, 203.7 g and 2786 kg
respectively, obtained from S.C.155 Y by 60 kg N/fed.

The interaction between spraying of zinc and N fertilizer levels (Table
5¢) had significant effect on ear height and grain yicld/fed in the combined
analysis. The highest value obtained for ear height was detected by spraying or
without spraying and applied 120 or 150 kg N/fed and for grain yield/fed was
detected by spraying of zinc and applied 120 or 150 kg N/fed. On the other hand,
the lowest value obtained for both traits were detected without spraying of zinc
and applied 60 kg N/fed.

Table (5 a): Effect of the interaction between hybrids and zinc spraying on
ear height; ear length and grain yield/fed of maize (over the
combined analysis)

T.W.C| S.C | S.C |T.W. T.W.C| S.C

Hybrids | "510 | 122 |155v 310 | 122
Zuo-spray Ear height (cm) Ear length (cm) | Grain vield (kg/fed

130.8 | 130.8)122.5| 16.85 [ 18.25|16.21 | 3101 | 3362
130.3 | 131.3[125.6| 18.33 | 18.42|17.17| 3170
L.S.D (5%) 1.7

Table (Sb): Effect of the interaction between hybrids and N-levels on piant
height; ear height; stem diameter; weight of kernels/ear and
rain vield/fed of maize (over the combined analysis)

brids | TWC|8C| SC | Twe| SC | SC | TW.  &C) 8C |TW. | &C sSC

YoNas | 310 | 122 | 1ssy | 310 | 12 | 1ssv | C3t0 | m2 | assy [C30| 12 | 155y

-levels ear height (cm) | stem dismeter(cm) WL of kernels/ear grain yield(kg/fed)

Qg/fed) | 128 1130) 122 | 232 1230) 226 | 226 | 232 ] 205 |2980)3219] 2786

Ggfedy| 130 | 130 124 [235[233(228 | 230 1239 | 211 [3100]3339] 2897

120 oy | 132 |132] 125 [ 238 237|229 | 234 | 245 | 216 [3231]3493) 3053

‘”fe‘) 133 | 132] 125 | 2.38 [2.42] 2.31 | 236 |247] 219 [ 3231|3489 3049

L.S.D 5% 1 0.02 2 12
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Table (5¢c): Eﬁ'ect of the intcractlon between zinc spraying and N-levels on ear

120

'#ht(cml
91 129.2

129.2 | 129.3
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