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ABSTRACT

Two field experiments were conducted at the Experimental Research
Center of the Faculty of Agriculture at Meshtohor, during 2003 and 2004 seasons
to asses the effect of three irrigation intervals i.e. eveﬂﬂo, 15 and 20 days, four
nitrogen (N) rates i.e. control, 50, 100 and 150 kg N/fed and two spraying
treatments with zinc (Zn}) i.e. tap water (control) and 0.05 % Zn EDTA, 14% Zn
(70 mg Zn/L) as well as their interactions on yiekd, uptake and agronomic
efficiency of N in maize '

The obtained results could be summarized as follows:-

Irrigation every 20-day recorded the lowest values of plant and ear
height, ear length and diameter, No. of rows/ear, No. of grains/row, ear weight,
grain yield/ear, shelling %, 100-grain weight, grain yield/fed, grain protein
content (GPC), N uptake, agronomic N efficiency (AEx) and apparent N recovery
(AR).

The greatest values of all studied characters in both seasons were
obtained by 150 kg N/fed, meanwhile, AEy and ARy decreased with increasing N
application rates in both seasons. However, the difference between 100 and 150
kg N/fed on ear weight, grain yield/ear. shelling %. grain yield/fed and grain
protein content were not significant.

Zinc application as foliar spray led to significant increase in the previous
characteristics of yield , yield components. GPC. N uptake and ARy. While, Zn
showed insignificant effect on AEy in both seasons.
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INTRODUCTION

Maize (Zea mays, L.} is one of the most importani cereal crops in the
world and in Egypt. It ranks the third position among the world cereal crops,
surpassed only by wheat and rice. It is still a major traditional food and feed crop
in many regions: Furthermore, the grain is a key industrial raw matenal for very
diverse purposes.
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Therefore, efforts are being focused on increasing the productivity of
maize crop by growing high yielding varictics under the most favorable cultural
treatments.

. Irrigation is one of the most important factors which has always played
the greatest role in maize production, that determines growth, availability of plant
nutrients and ultimately crop yield. In this connection, Salem, {1993) showed that
irrigation every 12 days increased ear length, 100- grain weight and grain
yield/fed compared to irrigation every 18 days. Mokadem and Salem (1994)
found that plant height, 100- grain weight and grain yield/fed were significantly
increased with decreasing irrigation intervals from 20 days up to 10 days.
Prolonging irrigation interval for maize cultivars from 12 to 17 days during
vegetative growth stage, reduced significantly plant height, 100- grain weight,
grain yield/fed and protein content of grain (Ashoub ef /. 1998). Hamed (2003)
using three irrigation intervals i.e, 15, 20 and 25 days indicated that decreased
irrigation intervals lower than 25 days resulted in marked increments in ear
length, car dlameter nimber of rows/ear,” grain and protein yiclds/fed. The -
improvement in maize yield and its components by decreasing irrigation intervals
may be due to supplying the plants with adequate water requlred for growth
demands, which reflected on yield-and its components.

Nitrogen fertjlization is an 1mportanl factor for maximizing maize yield.
Efficiemt use of N fertilizer for maize production is essential-to maximize
economic return to the grower to minimize the polentm] impact on water quality,
and to reduce the total energy required for manufacture of N. Several
investigators reported positive effect of nitrogen apphcatmn in ‘enhancing growth
characters of maize, dry matter contenit, grain yield, yield components and grain
quality. Ma et al. (1999) using 100 and 200 kg N /ha indicated that increasing N
fertilizer rates increased the grain yield by an average of 20 % and nitrogen use
efficiency (NUE) by an average 17.5 %, Zaghloul (1999) and El-Gizawy (2000)
found that appllcanon of 150 kg N /fed significantly increased plant height, ear
height, stem diameter, ‘ear length, ear diameter number of kernels /row, number
of row /ear , car weight, kenels weight /ear, grain yield /plant, 100- grain weight,
shelling %, grain, straw and biological yields/fed. However, the differences
between 100 and 150 kg N /fed levels on most characters were not significant.
Application of 150 kg N /fed gave thic lowest values of N agronomic efficiency
(AEy) and N recovery in grain.

In the last two decades, several investigators repovted appropriate response
of different field crops for micronutrients fertilization in Egypt. This is mainly due to
the construction of the High Dam a1 Aswan, which prevents a lot amount of
micronutrients to reach the valley and the Delia, El-Sheikh (1993) reported that foliar
application with Zn up to 42 ppm significantly increased plant height, 100- grain
weight and grain yield/fed. Ashoub e al. (1996) indicated that zinc application as
foliar spray resulted insignificant increases in car length, ear diameter, number of
grains/row, weight of 100 grains, sheiling % and. grain yield/fed This study was
undertaken to investigate the effect of irrigation intervals, N rates and spraying with
Zn on yield, uptake and agronomic N efficiency in maize.
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MATERIALS AND METHODS

‘Two ficld experiments were carried out in the Agricultural Rescarch and
Experimental Center, Faculty of Agriculture at Moshtohor, Kalubia Governorate,
Banha University, during 2003 and 2004 seasons. The aim was 10 assess the
effect of irrigation intervals, N rates and spraying with Zn on yield, uptake and
agronomic N efficiency in maize.

Experimental soil test and field information.

The soil was clay having an alkaline reaction. Results of soil test data
from samples collected before treatments application are reported in Table 1, and
the preceding crop was clover in both seasons.

Table 1. Experimental soil test

| 1-Physical analysis
| Sand (%)
Silt (%)
Clay (%)
|  Texture
L 2- Chemical analysis
E.C.(of saturated paste extract d Sm™ )’
pH (1:2.5 soil water suspension)
Organic matter (%)
| Available nutrients ( mg kg™
¥ N (Nitrate-N) KCl- extractable
P (NaHCO»- extractable)
K (neutral NHy- acetate extractable)
| Zn (DTPA- extractabie)

#E.C.: Electric conductivity measured as d Sm’

“ decissiemnens /m, i.. mmhos/ cm /25 °C *.

Each experimental included 24 treatments which were the combination
of three irrigation intervals (every 10, 15 and 20 days), four N rates (0, 50, 100
and 150 kg N/fed) and two spraying treatments with Zn (tap water and 0.05% Zn
EDTA ,14%Zn ).

Ammonium nitrate (NH, NO;-33.5 N%) was used as the nitrogen source
in both seasons, which was applied in two equal doses, before the 1* and 2™
irrigation.

Zinc chelate (organic material) was used in the form of Ethylene
Diamine Tetra Acetic Acid (EDTA) spraying was carried out only once, 35 days
after sowing at the rate of 400 Lifed (using hand spraver I L.).

Treatments were replicated four times in the split split-plot in a
randomized complete block design. The three irtigation intervais were allocated
to the main plots, the four N levels were randomly distributed in the sub- plots,
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while the two Zn level were allocated at random to the sub-sub plots. Plot size
was 10.5 m? (3 x 3.5) having § ridges of 3 m in length and 0.7 m in width. Maize
cv. 8.C.122 was planted on 5" June in 2003 and 2004 growing Scasons.
Phosphorus fertilizer was added before seeding during land preparation as
Calcium super phosphate (15.5 % P;0;) at the rate of 150 kg /fed. Three kernels
were hand drilled in each hill at 30 ¢m spacing. Thinning to one plant/hill before
the first irrigation was practiced to give the population density of 20000
plants/fed. The plots were hand hoed twice for controlling weeds before the first
and second irrigation. Soil test results indicated that levels for pH and K were
within the optimal ranges for maize production. Therefore, no additional soil
amendments were applied throughout the duration of the study. The other
recommended agronomic practices of growing maize were applied in the manner
prevailing in the region.

At harvest time, plant and ear height {cm) were measured as average of
10 plants.:

Also, 10 ears were taken at random from each sub sub-plot in four
replications from inner ridges to record the following data:
1- Ear length (cm).
2- Ear diameter (cm)
3-  Number of rows /ear
4- Number of kernels / row
5- Ear weight (g)
6- Grain yield / ear (g)
7- 100-kernel weight estimated as the average of four measurements
8- Shelling percentage % = (Grain weight / Ear weight) x100
9- Grain yield (ardab /fed.) was recorded on whole plot basis and adjusted to
15.5 % moisture content.
10- Grain protein content (GPC %) was reported as N% X 6.25 on dry weight
basis ( N % in grain was determined by the microkjeldahl method according
10 AQ.AC 1990).
11- Grain nitrogen upiake per unit area was obtained as a product of grain N
content and grain yvield per unit area (kg /fed).
12- Agroaomic efficiency of Nitrogen fertilizer (AEy)
AEy, is defined as kg grain yield increase/ kg N applied
AEy . {Grain yield F - Grain yield C)/Fertilizer N applied
13- Apparent N recovery in grains (ARy)
AR, is defined as grain N uptake per unit of N supply
ARy, = (N uptake F - N uptake C)/Fertilizer N applied x 100
Wheee F = Festilized plots, and C = non-fertilized plots (control).

These characters (12 & 13) were calculated according to Craswall and
Godwir (1984)

Stasiggical analysis:
Data were statistically analyzed according to Gomez and Gomez (1983)
using the MSTAT-C Statistical Software package (Michigan State University,



Effect Of krvigation Irtervals, Nitrogen Rates & Spraying... 111

1983). Where the F- test showed significant differences among means Least
Significant Differences (LSD) test was performed at the 0.05 level of probability
to separate means.

RESULTS AND DISCUSSION

1- Effect of irrigation intervals;

Results in Tables (2 to 6) show that decteasing irrigation interval lower
than 20 days resulted in marked increases in plant height, ear height, ear length,
number of grains/row, number of rows/ear, ear diameter, ear weight, grain
yield/ear, shelling %, 100 grains weight, grain yield/fed, N uptake, agronomic
efficiency of N fertilizer (AEy) and apparent N recovery (ARy). The highest
valucs were obtained by 10-day intervals. However, the differences between
irrigation every 10 and 15 day in this traits were not significant except plant
height in the 2™ season and grain yield/ear in both seasons.

The increases in the previous yield component characteristics may be
due to the increases in dry matter/plant and water role in physiological processes
ie. it is the major constitugnt of physiological active tissue, it is a reagent in
photo-synthesis and hydrolic processes such as starch digestion and it is the
solvent in which salts, sugars and other solvents move from cell to cell and organ
to organ and it is essential for the maintenance of the turgidity necessary for cell
enlargement and growth, While, the grain yield is mainly affected by increases in
yield components. Irrigation intervals were studied in maize, Salem (1993)
indicated that irrigation intervals of 12, 15 and 18 days did not differ in affecting
number of car/plant, ear diamecter and number of rows/ear. He added that the
differences between irrigation every 12 and 15 days in ear length, 100- grain
weight and grain yield were not significant. Similar results were also reported by
Hamed (2003).

2-Effect of nitrogen rates:

As shown in Tables {2 to 5) all studied traits were significantly increased
by increasing N fertiljzation rates from 0 to 50, 160 and 150 kg N/fed.
Application of 150 kg N/fed significantly increased plant height, ear height, ear
length, number of grains/row, number of rows/ear, ear diameter and 100-grain
weight, However, the differences between 100 and 150 kg N/fed on car weight,
grain yield/ear, shelling % and grain yield/fed were not significant.

Applying 50, 100 and 150 kg N/fed increased grain yield/fed over
control treatment by 5.2, 10.4 and 10.9 ardab/fed in 2003 sgason and by 6.5, 11.3
and 12.0 ardab/fed in 2004 season. These increases correspond to 39.6, 79.4 and
83.2 % in the 1" season and 52.4, 91.1 and 96.8 % in the 2™ season. These results
may be attributed to the increase in plant growth and yield components. The
present results indicated clearly the vital rele of N in plant life and its contribution
in increasing the grain yield. Such results clarified that N is essential for cell
division and elongation as well as root growth and dry matter content of maize
plants. The response indicales a progressive increase in plant growth and yield
components. This reflects a need for high N to obtain high grain yield of maize.
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Increased growth, grain yield and its components of maize due to application of
high N rates were reported by Oikeh et al. (1998) who found that increasing N
levels up to 120 kg N/ha Ied to increasing kerenal weight, grain and proicin
vields.

Results in Table (6) indicated ciearly that N uptake markedly increased
with the increase in N rates in both seasons. In 2003, applying N at 50, 100 and
150 kg/fed increased N uptake in grain by 76.8, 162.1 and 178.5 % compared
with the yptake under the check treatment, respectively. In 2004, the same N rates
increased N upiake by 79.4, 147.8 and 176.8 % , respectively. It is evident that
the highest N rates i.e. 150 kg/fed caused a marked increase in N uptake
compared with the lower rates.

Agronomic N efficiéncy decreased due to the increase in N rates. In
2003 season applying N at 50, 100 and 150 kg/fed produced AEy of 14.5, 14.6
and 10.1 (kg grain’kg N applied), whereas the same N rates resulted in AEy of
18.3, 158 and 11.2 (kg grainkg N applied) in 2004 season, respectively.
Moreover, further investigation are needed to study the efficient use of the higher
N rates than had been used in the present work.

In 2003 season, N recovery was estimated as 27.2, 28.7 and 21.t % for
N rates of 50, 100 and 150 kg/fed, respectively. In 2004 season a decrease was
observed with the increase in N rates, and the same rates of N produced N
recovery values of 30.2, 28.1 and 22.3 %, respectively. Similar results were also
reported by Nofal, Fatma, (1999), Zaghloul (1999) and El-Gizawy (2000) who
found that AEy , ARy decreased and N uptake increased as N rate increased up to
150 kg/fed.

3-Effect of Zn application:

The data revealed significant differences due to foliar application with
Zn in ajl studied traits (Tables 2 to ¢). Grain yield mcrm due to applying Zn
over control treatment by 5.73 and 6.21 % in the 1* and 2™ seasons, respectively.
Apparent N recovery (ARy) was estimated as 27.3 and 27.9 % in both growing
seasons, respectively. However, foliar application with zinc showed insignificant
effect on AEy in both secasons. Zn has an essential role in carbohydrate
metabolism, protgin synthesis, tryptophan and IAA synthesis, since it activates
numtbicr of enzymes for photosynthesis (Marschner, 1995). An adequate supply of
Zn is associated with vigorous vegetative growth and consequently increasing the
total dey matter content, It seems that there was a definite need for Zn since the
comeal treatment showed Jower values of the studied characters. Therefore, the
1.75 mg Zn soil (1.73 ppm) extracted by DTPA is most certainly low and means
that the plants grown in such soil need Zn. Soil with pH 7.91 (alkaline soil) may
reduce & ggeat part of applied soluble Zn converted to unavailable forms. Similar
results wops objained by El-Sheikh (1993). The non significant response to Zn
applicatign- reporied by Ashoub ef al. (1996) may have been due to the
sufficieney-of Zn ia theif spil.



Table 2. Effect of irrigation intervels, nitrogen rates, spraying with zinc and their interactions on plant height, ear height and ear length

N _
Traits Plant L {om) Ear height (cm) ] Ear length (cm)
A0 65 season 2004 season 2003 scason 2004 season 2043 season 2004 season
_ ” Zn I'N witex { In | Mean | water Zn | Mecan | water Zn blcnn water | ZIn JMem water Zn ]Mean__
BT EERE 2085 12054 (2018 | 2162 12060 [ 893 (1011|952 (933 {1018 975 (152 [157 |154 [ 14f (154 (150 |
he R  [2559 126521 2665 12616 | 2652 | 263.4 | 125.4 J 1311 ) 1283 | 1233 | 1251 124.2‘16.6 192 1179 ]188 1201 Ji9s
L M 2 | 774312707 | 2900 | 3006 (2958 | 136.2 { 13601 | 1360 | 1433 ] 1485 | 1459 183 (213 | 198 (M1 (252 |46
[ M67 2060 12803 13010 | 3051 [303.0 [ 142.1 | 1503 | 1462 | 1450 [155.0 | 1506 212 238 [235 |42 (262 |232
13483 12610 {2547 122636 | 2995 | 2670 | 1232 [ 1296 | 1264 | 1262 | 1326 [ 1294 [178 (200 [189_J204 ]217 [210
SN W6 [ 2013 11920 [ 1916 | 980 [ 1933 | 888 [956 |922 884 [952 [918 [166 |170 [168 [156 [174 165
s Neo 926 [ 2526 [ 2531 | 2616 | 2850 [ 2633 | 123.7 | 1266 | 1251 | 1266 [ 1300 [ 1283 | 170 184 [ 77 |I179% 193 |186
i - 2660 (2701 268012850 | 295.1 | 2900 | 1381 | 1410 (1395 [ 1350 | 1383 | 1367 1205 209 (207 (223 {250 |23.7
1 2761 | 2839 12795 | 2883 {2983 12933 | 1428 | 1450 | 1439 | 141.6 | 1501 | 1459 {210 |23 |217 1244 |250 |47
“Miiin 268 | X6 T304 13566 2633 (2600 [ 1233 [127.0 [ 1252 {1229 [1284 1257 1188 {196 (192 [200 [21.7 [209
| R 1828 [ 1912 11870 [ 1783 {1900 | 1842 {813 [894 [853 [750 |88 (809 [150 [148 [149 151 {16l [1is6
Lo Ny 2502 | 2808 3500 (2508 [ 2550 (2534 | 1174 {1230 1203 | 1150 | 1200 1175 (174 | 174 (174 [173 |186 | 179
L N 2629 [ 2647 12638 | 2783 [ 2800 | 2791 {1210 {1270 {1240 L1250 1300 | 1275 [ 174 | 200 li1g7 190 (220 {205
Mo 12720 [ 2745 L T32 | 2785 [ 2816 | 280.0 | 137.6 | 1431 | 1403 | 0335 [ 1350 | 1342 [ 191 (206 [199 |2t [230 [223
W 2470 | 2453 | 245.7 | 2467 [ 2516 [ 2492 | 114.4 [ 1206 | 11795 [ 1121 | 117.9 (1150 [ 172 [183 [177 {182 1199 [19.1
TN 1926 [0 TH64 1 1906 | 1984 [ 1945 (865 (954 [909 1836 [946 (9001 |156 [I58 [157 (131 |163 157
™ 252912368 12549 | 2583 2617 12600 | 1222 | 1269 | 1245 [ 1216 {1250 | 1233 | 170 483 |177 | 180 [193 | 186
i Mg 26608 | 2697 | 267.8 | 284.4 {2922 {2883 | J31.B | 1347 | §33.2 | 1344 | 1389 ] 1367 | 187 208 [197 |218 |40 | 229
20 [ 1845 [278 (2892 [ 295.0 [ 2921 [ 1408 [ 146.0 [ 1435 [ 1400 1 146.7 [ 143.4 1204 223 [ 214 [ 234 247 1240
W38 12524 2556 | 2618 1203 | 12358 1204 [ 1263 '179 1193 196 1241 |
e 1 ;
1 74 i 5.6 43 6.5 ! NS 062
N ‘i 5.7 ] 47 46 6.1 | 0.91 105
w ! 56 ; 16 t3 21 ! 051 063
TN NS ; NS NS NS L NS 183
ixZn NS ! NS NS NS . NS NS
NxZm NS | NS 27 NS | NS NS
¥IxNx Zn NS i NS NS N.§ ! NS NS

C101 - Susdouds 3 somy usSosn ‘sppaso] wopoduy S palfa



Table 3. Effect of irrigation mtervals, nitrogen rates, Spraying with zinc and ther mteractions on number of grians/row, munber of rows/ear
and ear diameter (cm

Traits Number of griam/row Number of rows/ear Ear diameter {cm) n
Seasons 2003 season 2004 season 2003 season 2004 season 2003 season 2004 season
treatments { water | Zn | Mean | water | Zn {Mean | water | Zn {Mean {water | Zn | Mean | water | Zn | Mean
No 1320 332 326 1283 |360 {321 10.2 114 |108 10.2 13 108 (290 303 [296
Do N 369 419 (394 423 1453 438 120 i3.0 125 114 133 124 330 360 | 345
Niw 40.7 454 [430 (443 |524 |484 13.0 4.6 138 144 1161 152 1410 [436 [4.23
Niso 473 1508 |491 450 | 518 |484 15.2 168 1160 16.4 173 | 168 (450 |463 456
Mean 39.2 42.8 41.0 400 1464 432 12.6 139 133 13.1 4.5 13.8 3.70 390 | 380
No 280 326 {303 293 {343 {318 |104 11.0 10.7 103 106 (104 1293 [313 [303
Lis Ns 366 |386 |376 {400 |426 |413 114 124 119 133 129 | 131 363 393 |378
Niw 396 [423 [410 [460 (473 | 466 127 | 130 129 156 {149 (152 390 393 |39
| Nis 438 (464 (451 483 498 {490 {144 148 1146 144 | 166 | 155 406 (416 | 4.1}
Mean 370 1406 j385 (1409 1435 1422 12.2 128 125 134 1137 1136 363 3.7 1371
No 270 [ 296 | 283 216 | 276 |246 100 11.6 | 105 94 102 (98 273 | 280 |2.76
Ix Ng 273 323 |298 1293 {343 |31%8 10.2 114 (108 116 (4126 {121 316 363 |340
Nino 326 1353 {340 (343 (393 |368 [1.7 126 12.1 40 142 |14l 316 |3.76 [346
Niso 366 |41.2 |389 393 1423 [408 12.7 12.4 12.5 13.7 | 146 | 142 370 |393 ]3.81
Mean 309 1346 (327 [31.f {359 (333 i1.] 118 ju1s 12.1 129 {125 319 1353 1336
No 290 1318 (304 {264 (326 (295 10.2 11.1 10.7 100 {107 103 285 298 | 292
Ny 336 (376 |356 (372 |[407 [390 11.2 123 11.7 i2.1 129 [125 [336 |3.72 354
Niw 376 (410 |393 41.5 {463 |439 12.5 134 129 4.6 15.1 148 3n 402 | 387
Nisp 420 1461 (444 1442 (479 1461 14,1 14.7 14.4 148 1162 155 406 1424 {416
Mean 337 1391 373 L4119 120 129 129 137 350 1374
15D 5%
| 32 23 0.93 0.46 0.27
N 2.4 21 o 070 020
Zn 1 072 13 0.25 044 0.08
IxN NS NS NS NS 0.14
IxZn NS NS NS NS NS
NxZn NS NS NS NS NS
| DxNxZn NS NS N.S NS NS
A
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SO0 (E6y 104 ‘onopgsogy *ox Il f) spwensry



Table 4. Effect of imgation intervals, nitrogen rates. spraving with zinc and their interactions on ear weight, grain weight/ear and shelling %

_ o b
I Trais Ear weight (g) Grain weight/ear (g) Shelting % H
P seasons | 2003 season i 2004 season 2003 season 2004 season 2003 scason 2004 geason Il
!'treatments | water | Zn | Mean { water | Zn |{Mean | water | Zn | Mean | water | Zn Me:"n water [ Zn | Mean | water | Zn | Mean
Na "1422 [ 1511 | 1466 1776 | 1835 | 1BD.5 [ 999 1050 | 1024 [ 1315 [ 1400 [ 1357 [ 70.2 (%95 699 74.2 T68 |75.5
Lo N 2033 {2160 ] 2096 2166 | 2200 | 2183 [ 1633 | 171.0 [ 167.1 (1433 1 1740 | 1586 [ 803 791 79.7 66.2 791 | 727
Non 203 | 2251 1 2177 E 2518 | 2552 12535 | 1866 | 1934 1 1900 | 2166 | 2183 1 2175 | 889 859 | 874 860 | 856 |857
Niw 2118 | 2310 12204 | 2483 {2552 12517 | 185.0 {1964 | 1907 [ 2200 {2215 [ 220.7 | 873 85.0 1861 83.6 1867 |87
Mean 191.9 [ 2058 | 1988 (2236 | 2284 | 226.0 | 1587 {1664 | 1626 | 1778 | 1884 ; 1831 | 81.7 799 1808 78.7 | R20 | 804
Ng "1294 [ 1401 11348 11850 | 1916 | 1883 | 903 1003 1953 1268 | 132.8 | 1298 169.7 Tie | 70.7 685 1693 | 689
s Neo F 1843 | 199.5 | 1919 | 2085 { 220.0 | 214.2 { I51.0 | §61.1 { }56.0 | 1466 | 170.1 ; 1584 | 81.9 808 |B814 704 774 | 739
Nim 2176 | 21R8 [ 2182 [ 2378 (2433 {2405 [ 1693 | 1802 {1747 | 1993 [ 2133 | 2063 | 780 !824 |802 838 | 877 |858
Niw 2146 12270 12208 12343 L2418 1 238.0 11760 {1816 | 1788 L2043 {2100 {2072 1820 !s00 !sto w72 |89 |s70
‘Mean V1865 (1963 11914 2164 [ 2242 | 2203 11466 [ 1558 | 1502 11692 | 1816 | 1754 | 779 787 | 78.3 775 (803 | 789
N ; 1259 [ 1310 | 1284 (13E6 | 1435 | 1376 {836 933 885 85.6 100.0 | 928 66.5 71.2 | 688 65.2 699 | 6735
1 Ns | 183.3 | 1928 | 1880 | 177.0 {1850 | 181.0 | 1410 | 1450 | 143.0 | 1333 | 1433 11383 | 770 | 752 ]761 753 774 | 764
- Ny 201.0 | 2060 | 203.5 | 2068 | 211.6 | 209.2 | 1576 | 162.6 | 160.F | 165.0 ) 170.0 | 167.5 | 786 790 (738 799 (803 (801
Niso 2084 [ 2140 ) 2112 {2052 ;2166 | 2109 | 1676 | 1750 |171.3 {1466 1 171.0 | 1588 { 8OS 81.7 (811 71.5 79.0 | 752
| Mean 1796 | 1859 | 1828 | 180.1 {1892 | 184.6 | 137.5 | 1440 | 140.7 {1326 | 146.0 | 1393 | 756 768 1762 73.0 76.6 | 748
) Ny " 1325 | 1407 | 1366 | 1647 | 1729 | 1688 | 913 995 95.4 1146 1 1242 11194 | 688 708 [698 693 T2.0 | 707
Nso 11903 | 202.7 | 1965 | 200.7 {2083 | 2045 | 151.7 [ 159.0 | 1554 | 141.1 | 1625 11508 | 797 | 784 | 791 706 | 780 | 743
N 12096 | 2166 12131 | 232Y 12367 | 2344 | 1712 | 1787 (1750 | 1936 12005 | 1971 | B1R | 825 ;821 £32 (845 |838
Ny 2116 (2240 | 2178 £2292 | 2379 12335 | 1762 | 164.3 | 180.2 | 190.3 | 2009 | i95.6 | 832 82.2 | 827 8§24 |84.2 (833
Mean 1860 | 196.0 | 206.7 { 213.9 1476 | 1554 1599 | 1722 {784 {785 7%4 17197
LSD 5% :
I 19 ' 23 69 6.2 34 58
N 6.7 ; B2 44 6.1 35 28
In 216 : 37 1.8 24 NS 13
IxN NS | NS NS 10.5 NS 16
1xZn 3.7 ‘ NS NS 40 NS NS
NxZn | NS NS NS NS NS NS
IxXNxZn | NS ‘NS N.S N.S NS NS
. e
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Table 5. Effect of irrigation intervals, nitrogen rates, spraying with zinc and their interactions on 100-grain weight, grain yield/fed and GPC%

. . N )
Grain yield (ardab/fed) | Grain protein content (GPC %)
2003 season 2004 season , 2003 scason 2004 season
water | Zn {Mean | water | Zn | Mean | water | Zn | Mean | water | Zn | Mean
135 [ 147 [ 141 [119 [130 124 1562 [625 593 1604 |687 |645
127 203 1195 l200 (211 (206 6e6 |812 1739 [770 |812 |79
247 (251 [249 [241 [256 (249 1916 |937 [927 |812 (916 |8e4
241 246 (243 1250 {264 1257 {875 [100 1937 lom |1062]|1021
. 202 (202 1207 1202 1215 |209 755 [843 |7." 179) [869 |830
TS 126 | 137 1131 |"123 135 129 383 |625 |6U4 |625 |129 |677
|27, 0 [176 (192 {184 186 {204 (195 (770 {812 [791 (770 (812 |71
5 . . 1 1362 |234 [242 |238 (233 [243 [238 833 938 |885 (8353 |9.16 |88S
B N 1353 365 1359 !364 /385 1374 246 )254 1250 |244 |254 249 (812 }100 %06 916 {937 (927
Mean 786|318 (302 | 299 |328 [314 |195 1206 [201 |196_ [209 203 ;750 |B43 [796 |79t 1849 |820
N T3 276 (254 200 230 [215 J118 127 [121 [119 [119 119 562 [645 |604 1645 [791 [7.i8
InNo 250 |[288 1269 ‘248 1279 {263 l169 |173 |171 |160 |175 |168 729 {770 |750 770 l87s 822
N 320 (320 {320 |342 (353 347 (208 (228 (218 (218 |233 225 [770 [875 (822 (875 (937 (906
Mo 1316 1338 [327 1336 1354 (345 l220 |2335 |226 |225 |230 l228 1875 l937 loos |8s54 [100 lo27
Mean WO WS 1292 (81 |304 [ 23 |78 [ 190 184 |80 | 189 |183 734 |807 1770 |786 1901 |843
No (238 |272 | 255 221 |255 |238 125 [137 |131 [1i2o |28 |i24 1569 [631 1600 (625 |736 680
New 1263 298 ‘23,0 275 294 (285 |177 189 (183 |182 1197 (189 !722 798 |760 )77 1833 (802
Mpw 1327 1343 13335 1345 |370 |357 |230 |240 1235 [ 230 244 {237 1840 |916 |878 |847 (923 lmgs
Nyw 1350 1367 '338 (366 387 1377 1235 |244 J230 |79 1250 l2a4 | 834 1979 1916 |96 j100 |9s8
Mean 295 [30 | 1302 1327 192 [203 193 [ 705 746 [ 831 789 1873
LSD 3% ‘
t ? 1% 27 089 1ol NS NS
N 14 15 061 091 0.6 0.83
oy 066 0.7 | 034 031 023 032
kN NS NS | NS i NS N.S NS
xZn NS NS NS NS NS NS
NZn NS NS , NS NS NS NS
1xN«Zn NS NS i NS NS NS NS
L
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Table ¢ Effect of irmigation intervals, rutrogen rates, sprayving with zinc and their inferactions on grain N uptake, agroncmuc N efficiency and

apparent N recevery,

Traits Grain N uptake l Agronomic N efficieny Apparent N recovery
- (kp/fed) ! (kg graint/’kg N applicd) %
5 2003 season ; 2004 season 2003 season 2004 season 2003 season 2004 scason
tresments  water | Zn | Mcan | water | Zn | Mean | water | Zn | Mean | water | Zn | Mean | water | Zn | Mean | water | Zn | Mean
Ne 170 (206 1188 161 [200 [181 |- — — — - - - R - - -

I, Ny 279 3Ty 1325 346 385 1363 | 145 156 |151 |226 228 {227 217 350 (274 1370 |368 [369
Nigy SO8 52w 1S18 438 527 [483 157 145 {151 170 177 173 ‘ 338 322 {330 276 |327 [3C]
Niw . 472 } 550 1512 547 le28 (3588 |98 192 lo¢ 121 lizs L3 200 1229 1215 1257 (278 |268

Mean 357 1414 386 1373 [435 [404 [133 131 [132 V172 U177 1175 1252 |294 1273 301 1324 313 §
No 165 (191 |[178 1172 |220 [196 | — - 1= = - - - N Z - -

I« Nso 304 348 326 325 373 349 140 1S3 146 177 1194 [18S 277 314 1295 [304 |304 !304
Nige 438 307 1473 444|499 {471 155 a7 1501 D133 1151 152 273 [3i6 1294 |271 278 274
Niw 48 569 1508 504 [534 [SI8 12 109 {0 (12 [ {12 188 252 1220 219 [209 [214

Mecan 338 Tund4 1371 360 [406 [3R3 (133 1136 1136 | 147 [152 |150 246 294 270 (264 264 |264
No 1453 T2 Tie3 172 j22 e - — — - - - - - - - - -

1w Nso 275 0299 (287 227 1343 |310 (130 128 a0 (115 11ss 135 (260 232 1246 [208 262 23S
Nim B9 445 402 426 [490 | 458 129 | 140 |135 |138 |59 |148 214 |262 | 238 |254 |278 |266 PJ
Nig 43.0 (490 |460 430 |517 [474 |97 99 |98 100 1106 (103 [190 ;204 |197 [17.1 [203 1287

Mean N4 1354 (320 326 1390 358 |126 1123 (124 (118 140 [129 [221 [233 1227 [211 1248 229
No 60 [193 [177 169 1211 [190 |- - - - - - - - - - |- |~
N 286 339 (33 316 [367 341 [145 |46 |145 {173 192 |83 ‘ 252 (292 1272 |294 | 31| 302
Nioo 435 | 494 |464 436 |S505 {471 {147 a4 1146 154 [162 |158 275 |300 287 | 267 |94 281
N 450|537 (493 493 560 | 526 (102 100 o4 ML) 14 | 112 193 228 (210 (216 230 |222

[Mean 333 [391 353 [ant {132 130 146 (156 C 120 lars T 259 (279

LSD 5%

| 222 276 NS 3.2 NS 31

N 2y 299 13 24 3 6.1

zm ! 1.2 1.55 NS NS LS L3

BN iR 510 NS NS NS NS

IxZn 20 NS NS NS 1 NS NS
NxZn 236 NS NS NS NS NS ﬁ

IXNxZn | NS NS N.S NS | NS NS

. _
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4-Effect of interactions:

The interaction between irrigation intervals and N rates in Tables (210 6)
indicated that irrigation every 10-day gave the highest ear length (in 2" season),
ear diameter (1" scason), grain yicld/ear (2™ season) , shelling % (2™ season) and
N uptake ( in both seasons) with 150 kg N/fed.

The superior combination regarding the interaction between 1mgatmn
intervals and Zn application treatments was irrigating every 10-day with spraying
Zn which recorded maximum ear weight in the 1* season, grain yield/ear in the
2™ season and N uptake in the 1™ season.

N rates x Zn application data show that applying 150 kg N/fed plus 70
mg Zn/L produced the lnghest value of ear height (Table 2) and N uptake (Table
6) in the 1 scason only.

Moreover, the interaction of (1x N x Zn ) had no significant effect on all
characteristic under study in both seasons.

CONCLUSIONS

This study showed the significant role of irrigation interval, N rates and
foliar application with zinc in improving maize grain yield, agronomic efficiency
of N fertilizer under the conditions of experiment. In both years, decreasing
irrigation interval less than 20 days or increasing N fertilization rates from 50 to
150 kg/fed and spraying 70 mg Zn/L is recommended for maize production. In all
cases, it is very important that soils should be analyzed to assess the need for their
application and consideration showed beé given to the preceding crop.

REFERENCES

AOAC. (1990); Official tentative methods of Analysis of Association of
Official Analytical Chemists. Washington. D.C., 15" Ed.

Ashoub, M. A.; Hassanein, M. S.; Abdel-Azize, LM A; Shahin, I. M. A and
Gohar, M.N. (1996): Inﬂuence of imigation, aitrogen, zinc and
manganese fertilization on yield and yield components of maize. Ann.
Agric. Sci., Ain Shams Univ., Cairo, 41(2). 697-711.

Ashoub, MLA.; Esmail, AM; Osman, A.O and Osman, A.S. (1998):Effect of
somc microelements application methods under irmigation regime on
growth and yield of maize . Arab Univ. J. Agric. Sci. Ain Shams
Univ., Cairo, 6 (1); 183-192.

Cruswell, E.T. and Godwin, D.C. (1984): The efficiency of nitrogen fertilizers
applied to cereals in different climates in Tinker, P.B. and A. Luchli
(ed). Advances in Plant Nutrition, Vol.1.Praeger.

. El-Gizawy, NXh B, (2000): Response of maize (Zea mays, L.) to nitrogen and
_manganese fertilization. Ph.D Thesis, Fac. Agric. Moshiohor, Zagazig
Univ. Egypt.



Effect Of Irrigation Intervals, Nitrogen. Rates &Wg 1019

Ei-Sheikh, F.T.Z. (1993): Response of maize (Zea mays, L.) to nitragen fertilizer
and foliar application with zinc. Ann ongnc Sci., Mosmehor,
31(4):1999-2009. '

Gomez, A K., and Gomez A.A_. (1983): Statistical Procedures for Agricultural
Research. 2™ ed. John Wiley and Sons, New York.

Hamed, M.F. (2003): Performance of two maize hybrids under irFigation intervals
and ethryl treatments. Anna}s of Agnc Sci., Moshtolmr 41 (2): 625-
634,

Ma, B.L.; Dwyer, L.M. and Gregorich, E.G. (1999): Soil nitrogen amendment
effect on nitrogen uptake and grain yield of maize. Agron. J. 91:650-
656. .

Marschner, H. (1995): Mineral nutrition of higher plants. Academic Press Inc.
London LTD

Michigan State University, (1983): MSTAT-C: Micro- computer Statistical
Program, Version 2. Michigan State University, East Lansing.

Mokadem, Sh.A. and Salem, A.M. (1994): Effect of irngation intervals and
nitrogen fertilization rates on yield and yield components of maize.
Minia J. Agric. Res., & Dev. 16 (1):129-141.

Nofal, Fatma, A. (1999): A study on mineral and organic fertilization of maize in
newly reclaimed areas. Ph.D. Thesis, Fac. Agric. Moshiohor, Zagazig
Univ. Egypt.

Oikeh, S.0.; Kling, 1.G. and Okoruwa, AE. (1998). Nitrogen fertilizer
management effect on maize grain quality in the west African moist
Savanna. Crop Sci. 38 : 1056-1061.

Salem. M.A. (1993): Effect of planting dates and irrigation intervals on yield and
yield compenents of two maize varictics, Minia J. Agric. Res. ,& Dev.
15 (4):1133-1145.

Zaghloul. A K. (1999): Effect of nitrogen and biogas fertilizers on maize and the
following wheat yicld. Ph.D. Thesis, Fac. Agric. Moshtohor, Zagazig
Univ. Egypt.

beliCy J paadl o 3G Ay G g Al SV ama A <) b s
IR RAR RN Ql G g Al aladdad

$ I Sy Qupad peal
A dnalan — gty Aot W 4K Jualadl ol
-

Sy et 3 G jladly O padl Ana e ) juy Gllia (58 oy e

Vo) ool O L0 M A Yot Yo ¥ e (DA il del ) )

pS Y0 g Ve 00 ghia) Gy I e Sygiase Dag )i (o Y g V0

plaviond Bel Sy Jpuaaddl o (G50 5 (a3 ) 5 Gabdaay (Ol

o el diaaid Gl pandli oSy Apldl 5500 L A Gatadly cpa g il
—:‘.‘_.“il



1020 Annals Of Agric. Sc., Moshtohar, Vol. 43(3), 2005

=iy Jole o 5oSH migay il Jghal Ygias pil O gy Yo S g0 Jaa e
3080 Cagaa 3y e 35S0 o5y cchiall upa dae 0 SN Cighin 230 (54K
G gl Oa paiaadh (O Gagin Jyeaaa ¢ a Ve e )5 il A
A il L g O g 1 P850 B6liS ¢ o gpal)
Badlh il ) ae Al a5 lisall ol Jel e Jgeasdt (S e
Tpiy Cpa Ul Aol 5 US lae L laifouay )% aaS V00 Sa iy il
SO A il paaa 30l 5y B CailSh G gadl 4 Al SliGe)
Sy Jpaadl Clica i 4 pina 3l ol il 4585l el ekl
o e Sl iy s B (e paiaadly gl e gl (g giay
il M U ghaa g g phaatd SeliS ST o iy (gl





