J. Agric. Sci, Mansoura Univ., 28(12); 8001 - 8018, 2003
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ABSTRACT

The best combination of forms and application time of chemical nitrogen
fertlizer is considered one of the primary factors for high grain yield in wheat. The
present invesligalion was designed 10 study the response of Giza 183 wheat cuitivar
to three forms and fourteen different times for application of nitrogen fertilizer in the
newly reclaimed (and conditions. Two field experiments were carned oul in two
conseculive winter seasons of 2001 / 2002 and 2002 /2003 located at El-Bustan
Experimental Farm, Faculty of Agricullure, Damanhour.

A split-plot design in arandomized complete block arrangment, with three
replicates, was used. The three ritrogen forms (ammonium suiphate 20.5 % N,
ammoninm nitrate 33.5 % N and urea 46 % N) were assigned to the main plots,
whereas the fourteen times of applying the three formes leither adding one dose or
equal spliing doses at different stages of growth( at sowing , 1% irrigation. tillering
and at heading)] were allocated to the sub - plots .

The results revealed that nitrogen addition, as ammonium sulphate, had
lavorable effects in improving all studied traits, in the two seasons. Grain yield /ha was
increased due to using N as ammonium sulphate, as compared with ammonium
nitrate and urea, by 15.44 and 44 .55 % as averaged over bolh seasons, respectively.
Sphitting nitrogen into four equall doses (at sowing, 1% irrigalion, tillering or al heading)
resulted in a significan! increase for most of studied traits in both seasons.

A significant interactions were obtained between nitrogen forms and therr
limes of application for all studied traits, except for straw yield and harvest index in
bolh seasons.

Therefore, this study recommended wheat fertilizalion by using ammounium
sulphate in four equal splits fat sowing, 1 o irngation. Wlering or at heading) under
newly reclaimed lands .

INTRODUCTION

Increasing wheat production could be achieved through maximizing
production per unit area and / or culturing deserts t¢ expand the planfed area
Maximizing production per unit area could be achieved via developing high
yielding genotypes and simultaneously implementing proper culturai
practicas. The ather way for narrowing the gap between Egyptian production
and consumption is, growing wheat in the newly reclaimed areas, as
indicated by Shehab Ei- Din (1893). Growing wheat in marginal lands
requires specific cultural practices differing from those applied to the old
planted ferlile ones.

Nitrogen fertilization is among the most important facters in wheat
management package. Newly reclaimed areas in EQypt, as well as in many
parts of the world, are poor in nitrogen content. Hence, wheat prodution in



Badran, M. §. §.

those areas is low and improved management practices are needed to
increase production efficiency. Forms and times of chemical nitrogen
fertiizer application, and the best combination of both, are the two basic
important elements for high wheat grain yield production.

Among the available forms of nitrogenous fertilizers, ammonium
sulphate, ammonium nitrate and urea are widely used in wheat production.
Thus, the study of those fertilizers in the newly reclaimed land conditions,
with regard to their effects on wheal productivity, is of great imporiance. In
this respect, Alessi and Power (1972) and Khalifa {1973) reported that grain
yield of wheat was not significantly affected by different N forms. Eid (1677)
found that plant height and grain yield / fed. were significantly increased due
to the addition of ammonium sulphate or ammonium nitrate, as compared
with urea and added that straw yield / fed. was siginificantly increased when
N was applied as ammonium nitrate. Also, Christensen and Meints (1982)
observed that wheat straw yield / ha. was higher when N was added as urea
than as ammonium nitrate. Grain yield was not significantly affected by N
forms of ammonium nitrate, urea and ammonium nitrate as reported by
Lutcher and Mahler {1988).

Moselhy (1995), under desert conditions, found that addition of N as
ammonium sulphate, followed by ammonium mtrate recorded the highest
avarages of each of plant height, number of spikes / m?, spike length, number
of spikelets / spike, number of grains / spike, 1000 — grain weight, straw yield
and grain yiekl. Hassanein et al. (1997) revealed that the different sources of
nitrogen fertilizer had no effect on straw yield. Hassan and Gaballah (2000)
stated that nitrogen addition, as ammonium nitrate, under new reclaimed
sandy soils showed a favourable significant effect in improving plant height,
number of spikes ! m?, spike length, number of spikelets / spike, number of
grains / spike, 1000 - grain weight , harvest index and grain yield, compared
with urea .

Regarding splitting of N fertilizer application, several studies have
reported the advantages of splitting N fertilizer in order to increase wheat
grain yield and its components under sandy soil conditions (Abd El -
Maaboud, 1991; Dawood, 1994; Moselhy, 1995; Abdul Galil et al., 1997, El-
Hosary et al. , 2000 and Mowafy, 2002)

The present study aimed to investigate the effect of three forms and
fourteen times of application of chemical nitrogen fertilizers on Giza 163
wheat cultivar under newly reclaimed land conditions .

MATERIALS AND METHODS

Two field experiments were conducted in 2001 /2002 and 2002/
2003 winter seasons at El-Bustan Experimental Farm of Collage of
Agriculture , Damanhour , Alexandria University ,Egypt .

The three mtrogen forms tested were ammonium sulphate (20.5%N),
ammonium nitrate (33.5 % N} and urea (45 % N} were applied at the rate of
288 kgN /ha, The different fourteen times of application { as one dose or
equally split doses at different stages of growth) are given in Table {1} .
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Table 1: Application time of nitrogen fertilizer .

_No. of Fregm_a;lcy and stage of application tjn[n . |
o owil t 1™ Irrignti * t tillari at headi
: ‘oses ats. ng _l|at ¥ Irrigntion ! ng ng
One —_ — : ——
Two . * —_— — "
Three - - -
Four hd . i B *

* First irmigation was given 14 days after sowing.

A spiit - plot design in a randomized complete block arrangment,
with three replicates, was followed in both seasons. The nitrogen forms
were allocated to the main plots, whereas the fourteen trmes of N application
were randomly assigned to the sub-plots. The sub—piot was 2x3m,including
10 rows ; 20 ¢m apart .

The soil of experimentation site was sandy. The mechanical and
chemical analysis of the soil are given in Table (2),

Table 2: Some soil physical and chemicaf properties of experimental

site .
Season |

Property 2001 7 2002 200272003 |
Texture Sandy Sandy
pH . 81 8.2
Available N{ ppm) 80 84
Available P{ ppm} 18 16
Available K{ ppm) 130 133
Total nitrogen { %) 0.214 0.110
Crganic matter { %) 0.60 0.65

Both phosphorus and potassium fertilizers were applied before
sowing at the rate of 72 kgP; Os and 58 kg K;0/ha, respectively. The
recommended seeding rate of 144 kg / ha. was used. Irrigation and all other
cultural practices were conducted as recommended for wheat production in
the region. Harvested area was 2.4 m? (the four inner rows of each sub-plot).
Al mik npe stage, flag leaf area was determined, using the method
suggested by Lal and Subba Rao (1951). At harvest, the following traits were
determined:
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1. Plant height {cm} 2. Spike length {cm).

3. Number of spikes / m? . 4. Number of spikelets / spike.
5. Number of kemels / spike. 6. 1000 - keme! weight (g).
7.Grain yield (ton / ha} . 8. Straw yield(ton /ha).

9. Harvest index (%).
The data were statistically analyzed, according to Steel and Torrie

(1980).
RESULTS AND DISCUSSION

Forms of Nitrogen Fertilizer Effect :-

Data in Table (3) indicated that most of the studied traits responded
significatly to the application of nitrogen forms. Ammonium sulphate resulted
in the highest means, followed by ammonium nitrate and urea (Tables
4,56,7.8.9,10,11and 12). These two nitrogen forms, also, gave higher means
when applied either equally splited or in one dose, in comparison to urea
form. The results in Tabie {11) showed that grain yield / ha. was increased
by adding nitrogen application as ammonium sulphate compared to
ammonium nitrate or urea by 15.44 and 44.55%., averaged over both
seasons, respectively .In this concern, Singh ef a/(1992) and Abdul Galil et
al. (1997) recorded the highest grain yield from application of nitrogen as
ammonium sulphate. According to the present data, it could be concluded
that ammonuim sulphae and ammonium nitrate were more efficient than
urea. These results are in general agreement with those oblained by many
investigators, i.e.,, Eid(1977), Lutcher and Mahler( 1988 ), Moselhy (1995),
Hassanein of al. (1997) and Hassan and Gaballah(2000). However, Nour et
al. (1989), Sharshar (1888), Abd El-Zaher (1997) and Saleh( 2001) they
obtained the highest grain yield from application of nitrogen as urea
compared with that obtained from the other nitrogen sources . On the other
hand, Tiwar and Singh (1966), Singh and Gupta (1969), Khalifa (1873), Goos
{1981), Hamissa et al (1984) and Mahler et a/. (1994) found that application
of different nitrogen sources had the same effect on grain yield as no
significant differences could be detected.

Abd EL-Zaher (1987) oblained the highest average of each of plant
height, spike length, number of spikelets and grains /spike, 1000 - grain
weight and number of spikes / m? from the use of urea, whereas Abdul Galil
el al. {1997) got the highest average of those yield atiributes from the use of
ammonium sulphate. On the contrary, Sharshar {1989} and EL- Hefnawy et
al. (1991) found no significant differences between nitrogen sources
regarding 1000- grain weight.

tt may be explained that wheat makes the maximum use of nitrogen
in the ammonium than amide form due to easily nitrified form of ammonium
rather - than the amide forms of urea. The high efficiency of ammonium
sulphate and ammonium nitrate, compared to urea, could be partly attributed
to more volatilization of urea fertilizer which results in higher losses of N
under alkaline soil conditions as reported by Alessi and Power (1972) and
Hassan and Gaballah (2000). Since the soil pH of the experimental site
showed high alkaline values, that might be one of the reasons for the lower
efficiency of N applied in the urea form .
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Table 4 : Means of plont height { cm ) for wheat as affected by the interaction
berween three forms of nitrogen fertilizer (A) and fourteen times of
its application (B) in 2001 /2002 and 2002 / 2003 seasons .

Times of nitrogen applicattion 200172002 2002/2008 |
(8) Forms of N - fertilzer( A) | Forms of N - fertilizer (4}
3.3 [e3s], ]
o al” a;r ) af 5 :-—;g Urea | Aean -ag _-.7'2 Lrea | Mean
sowing  |HTISOUON | riniering | heading gg_ %g_ gg g_ g
3 E| ® 3
[ e [—T——1——"1_1020] 7050 7040 | at.30 | 12650\ 2540 | 7060 | 94.50
— o | — | — | 8350 | aa30 | 7730 | 220 | 12040 9730 7020 | 9630
[ P 109.0 | 96.20 | 8640 | 97.20 |100.70| 99.60 | %30 | 98.20
— — | — . 776 | TO.70 | 6130 ) 7020 | AL60 | 3A10 | L&D | 3710
mean | 9301 | 218 | 7005 | g045 |107.55| 9285 | 2088 | ss00
Tiwo splitting doses :
[ ” | e ] | —— |120.80( 91.60 | 75.90 | 99.10 | 133.90| 11320 $2.60 | 109.20
[« [——] » | — |e] s 91,20 | 107.20 | 105.60| 1090.10 10730
PR e v | 39.50 | 3nie | 8330 | 8440 |124.20) 102 10) 3630 | ipe20
. . . 94,50 | $9.90 | 2520 | $0.20 |112.80 | 112.10| 8540 | i0L10
— 1 — . e | 3160 | 67.80 | 60.90 | 7010 104.60| 8810 | 11260| razite
mean | 99.36 | 83.82 | 7732 | 37.00 |116.52] 10522 95.00 | 10558
Three splitting doses :
| e | =1 = ] 137.60| 30.20 | 33.40 [ 106.40] 125.63 | 115.20| 93.40 | 11141
. P e |107.80) 21.49 | 9320 | 9810 | 12600 11450 990.00 | 113120
_ . . e |H2g0|123.20) 103 | 1252 1900 | 112.60) 12330 | ros e
s | — o | o |H00|11260)105.20| 11248) 119.10 | 11803 | 199.90 | 1is.S1
mean | 126.73| 106,85 90.00 | 110.53| 110,93 | 115.08] 106.30] 11211
Four spiining doses : i
r o [ e ] o [« 13550 125.4 | 116.30| 1264013250 | i29.4 | 120.60 127,50
Grand mean 105.03) 9219 | 4525 | 9592 {11065 106.23] 96.25 | tas.7t
L5Days
A 1603 1109
10.56 1696
AB nxy 2937
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Table 5 : Means of flag leaf area (ew’) for wheat as affected by the interaction
between three forms of nitrogen fertilizer (4) and fourteen times of its

application(B) in 20012002 and 20022003 seasons .

Times of nitrogen applicattion 2001 7 2002 2002/ 2003
(B) Forms of N - fertilzer( A) | Forms of N - fertifizer ()
> >
at ar I as at %g g-g Urea | Mean %g g-g Lrea | Mean
sowing | iFFigOHON | ittering | heading &3 %g_ Eg Eg
3| 3 °3) 5

dose :

e | | — | — 2660 | 2580 | 2260 | 2800 | 1560 | 29.20 | 2730 | 7w
[-— o | | 2740 | 2620 | 2440 | 25.90 | J5.78 | 29.60 | 30.40 | 3190
[— | — | 3090 | 2640 | 2700 | 2740 | 2920 | 3240 | 358 | 3240
— | — | — | @ 2610|2500 | 2020 2030 | 2040 | 2830 | 2770 | 28.80

wean | 2800 | 2580 | 22.95 | 2545 | 1271 | 19.90 | 30.00 | 30.88
Two splitring doses :
[ . \ . | |.._ 2160 | 2600 | 2440 | 2870 | 35.70 | 24.20 | 3210 | J4B0
M e [— B 57| 1860 | 2840 | Jade | 38.70 | 3360 | 3230 | 3520
. 2 | J2.70 | 2240 | 24.30 | 2680 | 3340 | 30.20 | Jri0 | 3190
s . 31260 | 1630 | 2840 | 2800 | 35.90 | 3560 | Jo40 | 3130
_ . e | 3020|2080 | 2210 2570 | 3450 | 2870 | 3040 | 30i0
mean | 3036 | 25.84 | 2030 | 2800 | 3584 | 3206 | J140 | 1019
Three splitting doses :
|« [ « [ ] 3460 | Je10 | 3090 | 3300 | 39.20 | 39.10 | 3630 | FR.20
P . e | 3600 | 3390 | 3210| 3000 | 42,10 | 3840 | 37.40 | 39.20
» . . | 3030 | 3230 | 1340 | 3238 | 3300 | 3000 | 30090 | LW
[ . . e | J9.50 | 5163 | 5250 | 35.20 | 42.60 | 1960 | 3840 | 44.20
mean | 3049 | 3343 | 32e0 ] 32,63 | 39.23 | 3679 | 35.60 Jr.wlj
Four splitting doses : li
l o | - | . | e | 3990|3600 | 3420 | 3670 | 4640 | 4020 | 3330 | 4160 |
Grand mean 288 | 20.74 | 2699 | 2930 | se8%a | 31310 | 52724 | 3e2e
LSDuos
A 230 KNS ,
B 207 2.06 |
A8 158 156

(1} Means followed by Lhe same letwer . are not significantly differvms, secoribeg ta L.D.(0.05),
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Table 6 : Means of spike length (cns). for wheat as affected by the interacrion
Between three forws of nigrogen fertilizer () and fourteent times of irs
application (B) in 200 / 2007 und 2002 / 2003 seasons.

[ Times of nitrogen applicuttion 200! /2002 2002/ 2003 ;
(B) Forms of N - fertilier( A} | Forms of ¥ - fertilizer (4) :

2.2 2/ 2 1

o = 3 =] 3 - = 3 - 3 " :

ar ot e L 3| =3 | lrea |Mear| 53| 25 | Urea | Mean |

sowing  |Hrigotion | tilering | hewding i’% % % = S g_ S |

(1 ] &< < :

3 3 3 H

—— | a1 | 24 | 1030 ] 120 1ar | anse) 147 | 1ere |
[— ] @ T—1—— a9 136 |rr50| 1408|175 1220 142 | a9 |
s65 | a3k | 123 (rese| 1za | 159 | 135 | 5o
o Vses | rzz )l om Lazorasa | ose2 ) o0y a3ow
165 [ 1293 | 100 [ 1037 | 1698 | 1045 | 1318 | 1480

I . l - | _ I — |3 || By |50 179 | 15T | 150 ] 1626
| . I S - }— 175 | 148 | 154 | 1590 174 | id8 | 153 | 1430
= 1 E . 22 ]| 126 | 42 | 140 | 166 | 163 | 157 | 1620
[ [ & | 164 | i1 | 145 | 150 | 190 | 171 | & | 1243 !
[_ — | [ ] - 153 | 128 | 106 | e | per | 403 | is0 | rese |

[

mean b 1634 | 1568 | 1a32 ] tere ] sna2 1586 1502 ] 16

| . . - | o2 | tar | 167 | 173 | 2ad | #9.0 | 203 | 1993
Ll

— 202 | 165 | 176 | k1 | 205 | 90 | 179 | a7
193 | 1a2 | 153 | 170 | 100 | 187 | 165 | 1548
— S NI Ll LA A W RS A R AL |
T T mean | 4978 | 1645 | sa65 | 1263 [ 2090 | 1945 | 1798 | 4955 |

LT

Four splilting doses : X
‘ ¢ | o | | . e ) 128 | 178 j9.00 ) 2232 | M4 | 2P| 289
Grand mean 1778 | 1435 | 1435 | 1135 | 1R49 | 1665 | {584 | 1699
LED s i
A 24 17
8 Av6 it
L A8 166 197
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Table 7 : Means of number of spikes / m’ , for wheat as affected by the interaction
between: three forms of nitrogen fertdizer (A} and fourteen times of is
applicaiian (B) in 2001 / 2002 and 2002 s 2003 seasans.

Tiines of nitrogen applicattion

2001 7 2002

2002/ 2003

iB) Forms of N fertilizer {4) | Farms of N- fertilizer (1)
e
b > > b :
ar Jf"‘ « - £3122 | trea | Mean E% 23 | trea um‘
soving_|im5oion | atering | heading | £8 |83 FEIEE '
°5) 5 =51°§ !
e doe : |
[ L —— 1 ——12ope | 205 ) s55.0 ) 129.00) 1954 ) 2501 ) 3307 2604
f.___ l__. { —— [ —— | s0ur | 2356 | 2903 | 9367|2606 | 287.4 | 3225 | 2855 |
— |2 | — | 2270 ) 0ni | 2768 | 1040 | 2901 | 280s | Joxs | 1842 ]
[ —— [ [ —=T o | 2022561 | 298227783 289.4 | 267.4 | 2148 | 2770
mewn | 294.95| 273,58 38435 90.13] 2818 | 269.25| 290 10] 2Mia8 !
Two splitting doses : [ i
[ ¢ ] = | [ —— | #3500 | 9331 | 2700 | 1204 | 37ar | 4362 _M.’.ﬁf:ﬁlﬂ“'
‘ - ’___ ]—' f_—IJJ!.‘ Ji28 | IS | J2LF | es | 3553 | 3T 119w
" o | 906 [ Ji2¥ [ 2828 | 3L gp0l | 2850 ( 2981 213.43]
|_____| - | - o | 5372 | 12ee | 2820 | 3i32 | 369.2 | 2807 | 417 2!4..?91
]___lf_ N e | 3i52 | 326 | 2804 | Jesa | 1207 | 2439 | 2429 zms'l-
miean |335.24 32216 | 287.9 | 345.10| 341.00 | 25%.0¢| 280.32 | Jea45 |
Three splitting doses :
[ o [ o | e ] soo1 | 305.2 | 3063 | 3402 § 5a52 | a5 | 203 | 34720
-] - ] — e | J60.2 | 568 | 2968 | eds | 5580 | 369.2 | 3t | Jens |
( - - e | 472 | 2354 | 1206 ) 304 | 3600 | 2850 | didk | ISLT
B [_T,.L -1 - J63.6 Jdﬂ 3204 | 350.4 | 4080 | 3786 | 2906 | 3880”
meare | 163,28 | 152,40 | 1ags3| 3024 | san3 {366.25) 30033 3ev.03
Four splitiing doses :
e T« 7 T % 409.7 | 3303 ) 1901 ) 3607 .m'.i{ 4817 | 43340 4131
Grand mean .us-!r‘" I AT e[ 2onSha] WL | J02t0 0|10 0| Pk | Tia 2%
LED
A xS A
B 30.90 s
\_/ AB 5352 66.17

{1} Means followed by the same ietter , for cack seasnn ,are mot significamily different according ta

LED.0.0%) .
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Table & : Means number of spikelets / spike, for wheat as affected by the interaction
between three forms of nitrogen feriifizer () and fourteen times of its

application (B) in 2001 /2002 / and 2002 / 2003 seasons .

Times of nitrogen applicattion 2001 72002 2002/ 2603
(B) Forms of N-fertilizer (1) | Forms of N- fertilizer (4
> b4 = e
ar at I at at ég Z g Urea | Mean E g 2 3 Lrea | Mean
sowing  |Frrigoten | iering | Aeading 9_:{ S g. g > g o g
@ S 5 Iy 5 “ 5 |
One dose :

il — | — 1 —— | a1 | taa | 125 | 150 | 148 | 229 | 407 | 128
- - — 19.2 166 | 166 | 1747 182 | 171 | 13.0 16.1
R I — . a1 i85 | I59 | ILF | 202 | 1R1 | iLT i8.0
_ | — | . 162 LN} 123 M.2 133 | 108 2.52 1.2

mean | 1855 IS.DI? i4.33 | 1829 | 16483 | 1448 | 1248 | 1453
Two splitting doses :
| » | - | | | 232 | 9.2 %8 | 207 252 | 229 | 209 210
[ - | - | > l 24.2 a0l 208 | L7 P ¥} 2.5 21.3 4.0

- i - 21.6 182 a4 | 194 | 211 210 | 142 20.1
- . | - 25.7 6.3 163 | 199 | 4.0 | 220 | 170 214
—_— | - | - 234 180 | I7.5 | 1963 | 280 | 206 | 157 19.1

mean | 23.48 | 1906 | 18,16 | 20.27 | 24.28 | 21.82 | 18.22 | 2144
Three splitiing doses : -
{ . | o« [ - | M0 221 | 2 | 226 | 276 | 258 | 249 | 261
" . o | 272 | 226 | 202 {2367 | 293 | 260 | 259 | a4
. - e | M2 | 200 | a3 | 222 | 294 | 20| 216 | 250
. | _ | - - 283 235 226 | 248 | 302 | 271 Fl % 28.0
mean | 2595 | 2233 | 2168 | 2332 | 29.03 | 2578 | M.78 | 2455
Four splitting doszs : !
- 1 - | - e | 30 | 00 | 288 | 506 | 355 | 518 | 282 | 503
Grand mean 2349 | 1997 | 1883 | 2074 | 2428 | 21356 | 1915 | 2187 J‘
L.5.D a0y '
A 2.4 212 !
8 FA i.09
A8 12 FA) ]
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Table 9 : Means number of kernels / spike, for wheat as affected by the interoction
between three forms of Aitrogen fertilizer (4) and fourteen times of its

application (B) in 2001 / 2002 and 2002 / 2003 seasons .,

Times of nitrogen applicattion 2601 7 2002 2001 /2003 |
(B) Forms of N- fertilizer (4) | Forms of N- fertifizer (1) |
» > >
o o i o \ - %a %g {ren | Mean é g f_—'_g Urea | Mean
sowing  |frrigotion | riering | ooty | T3 | 23 53|25
ac | ®¢c sc|®E
3| 3 3! 3
One dose : .
[ = ]~ __]:|:_ 422 | 347 | 296 | 359 | 382 | 4w | 26 | Jame
[ — . — | 9.6 | 352 | 353 | 3605 4is | 356 | S22 | 703
[f— T — . 4Le | 384 | 302 | 3677| 433 | 370 | 21| 375
— ] — ] [ e | 95| 355 | 320 | 3570 9.9 | a4 | 300 | 3613
megn | 4038 | 3575 1 3055 | 3595 | 4125 | 5783 | 310 | 1669
Two splinting doses : )
| - r - | _ | - £7.6 | 174 re liego| 445 | 421 0 2.3
| . r_ I . l LY | J&E | IR | 4047 493 | 432 | J9Y | 1M
< " LI | 135 | 4p¢ | 4667 )| 462 | 21 | 324 | 42.4]
_ . - 478 | I70 | 407 | 4140 | ami | a7 | 334 | 4273
| — - ‘ . 57 | 446 | 712 | 4097 | 470 | 461 | 381 | 4iEH
meean | 46.2 | 3944 | 3614 | 46.36 | 47.06 | 424s | JRIE | 4256 |
Three splitting doses :
| . [ o | e | SE3 | 401 | 364 | 413T| SKi | 450 | 402 | 4620
[ . G a6} | e32 | 23 (axz7| sar | asq | 452 | 4613
- . ] - 505 | 451 | J61 O] S43 | 454 | 226 | 4700
e [ — ] « | - a9 | a0 | 429 | 4527|526 | 442 | 442 | 700
mean | 4943 | 441 | Jp6 | 4105|5203 | 450 | 433 | 446)
Four spliing doses :
[ T ] « T & 387 | 492 | 407 | 4937 628 | 479 | 467 | 5247
Grand mean aa2g L qaio | sat0 | 08 ezt | a2t0l 3820 | w275
LED o :
A 357 Lus |
B i 267 |
AB S44 4.63
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Table 10 : Means of 1000 - kernel weight (g ) , for wheat as affected byshe interaction
berween three forms of mitrogen fertilizer (A) and fourteen iimes of its
application (B) in 200{ / 1002 and 2002 / 200J seasons

Times of nitrogen appficattion 2061 7 2602 2002/ 2003
(B) Forms of N — fertitzer ( 4) | Forms of N - fertilizer (4}
“2?? ) 33’—| '_ a 35 5 ’
at ar I* ar o £3 | 23 | Ures |Mean| 53|23 | Urea | Mean
sowing | ITROUOR | yitering | heading gg %5_ 328
at c gt | P&
3| 3 3 3
One dose :
0 [ == ——= 14090 | 1750 | 2440 | 37.70 | 4140 | 3220 | 2080 | 3814
l—1 - | | —— | 3540|3830 ) 40.90 | 3820 | 3600 | 38.20 ] 4100 | 3840
| —_— —] | —— | 3050 | ¢1.80 | 4400 | 4190 | 39.40 | 4160 | 33.70 | 890
[— ] —] [ s 3770 (3160 | 3010 | 318 | 3830 | 34.90 | 4040 | 3780
mean | 3838 | 37.88 | 3745 | 3790 | 3873 | JR20 | 3798 | 3830
Twe splitting doses :
e |- \ [ | 3650 | 4200 | 3830 3900 | 4030 | 4220 3600 ) 39.50
N |__| o ] 40.70 | 3620 | 4190 | 39.40 | 4070 | 37.00 | 4290 | 4020
o T—1——1 e | “210| sas0 | 3510 sa70 | 4230 | 3600 | 5870 | 39.00
. v | | #2100 1310 | 3630 | ¢0.30 | 35.20 | 43.00 | 3850 | J8.9¢
— . e [ 3770|3290 | 890 | 3650 | 40.00 | 39.30 | 1890 | 5940
moan | 1948 | 3862 | sa30 | 1880 | 3970 | s9.50 | 39.00 | 3940 |
Three splitring doses :
[ ] =] « | 4280 | 39.60 | 3610 | 39.50 | 40.00 | 3699 | 4270 | 2090
| - - - | J680 | 4020 | 42.40 | 39.80 | 40,40 | 42.10 | 36.00 | J9.s4
— - P - | 1120 | 4430 ) 37.80 | 4300 | 37.20 | 39.30 | 4230 | 39.60
e [ —1 + 1 = 3530 | 3790 | 4080 | 3800 | el40 | 4040 | 40.00 | 40.80
mean | 39.03 | 40.30 | 39.28 | 39.00 | 40.57 | 39.68 | 39.50 | 3990
Four splitting doses :
\J e | & | o [ e | 403|374 | 974 | 4006 | 44.70 | 4130 | 37.90 | 4130
Grond meant RNt | R84 | 3044 | JEES | 3980 | 3937 | 3899 | jRis
. & a a a a
1.5.D g4
A NS NS
334 192
AB 58 113 .

{1} Means foifowed by (he same levier |, for cock seavou ary not sigaiflcansly dfferent according v LS. D.{B.03)
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Table 11 : Meons of grain yield (1/ ha) for wheat as affecied by the interaction
between three forms of mitrogen fertilizer (A) and fourteen times of its
application (B) in 2001 / 2002 and 2062 / 2003 teasons .

Tines of nitrogen applicattion 2001 /2002 2002/ 2003
(B} Forms of N- fertilizer (A) | Forms of N- fertilizer (1)
> x>
\ﬂ— ar i¥ o |at - Eg g g Urea | Mean .% g 2 § Ureq | Mean
sowing | Irrigotion | sigiering | heading | 53 2 E 73/s g
&C c gS|(™E
4] 3 3| 3
F)ne dose :
¢ = == | 570 | 456 | 324 | 450 [ 578 | 522 | Jo4 | 4.69
[ ¢ [ o=l —— ] ssa | tes | aas | a7 [ saz | ase | a7a | 450
|’: — | - G236 | 540 | 270 | 126 ] 38 | 4B2 | 436 ) 49
] —— . 454 | 462 | 455 | 437 | 532 | 490 | 246 | 456
mean | 552 | 478 | 396 | 475 | 559 | 4m2 | 394 | 477
Two splitting doses :
517 | g7y | 465 | &1i | 562 | Jae | 493
| i — l FH | 256 | 490 | 605 [ 450 | 0&2 | L1
— —— T o ]| s |z jen | 5w | s | se
T__—[—T‘T_;_f_- 598 | 523 | 412 | S| A0 | 576 | J72 | Si6
— L _ _J_“_, J . L68 | 475 | 152 | 465 ) 548 ) 423 | 484 | 475
L mean | 564 | 4938 | j90 | 484 | 595 | 505 | 400 | 5e0
‘ Three splinting doses :
L _.__E“?:L . ] 287 | 542 | 3250 | 45T 24 ) 53| 432 ] 530
L’ [ | ______] . ot | vo9 | 176 | 493 | 610 | 510 | 462 | 527
[ — r—.—r ,j—,“ 616 | 627 | 458 | 567 | 692 s8¢ | 408 | 532
[—_I':[“ ’ﬁ—, $88 | 548 | 442 | Sd6 | 648 | S42 | 437 | 5)9
T mean | 5.7¢ | 539 | 408 | s07 | as6 | S39 | 438 | 507
Four splitting doses :
FT—.T" . . 7d0 | 554 | 162 [ 585 | 218 ]ios 494 | K05 |
Grand mean 576 | 5.08 | 402 | 495 | 605 | Sus | s | 502 I
L5Dan J
1 0.77 269
B as: 0.59
AB fsy 104
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Table 12 : Means of straw yield ( vha ) and karvest index ( % ) far wheat as.
affected by three forms of nitrogen fertifizer ( A } and fourteen limes of
its application (B) in 2001 72002 and 2002 / 2003 seasons .

_-Mm'n effects Straw yield { tha } Harvest index (% )
20012002 | 2 I2002 combined | 200177002 | J001/2002 | combined
Forms af N- fertilizer { A }
Ammonium sulphate 126 | R2sea" . 255 2044 | 27%0¢ | 2Rée20
Amymonium nitrate 12 | Igab | 1L10 | 2990ab | 3508 | J0THab
Urea 10.79 %.895 1034 32040 | 333 | DS
Fetest Ns " M . - .
Times f Y- fertifLer application ( B )
One dose
o [—]—] — | 7 i1.56 1163 285 29.3 a9
— = | 1.9 ii3s i1.66 287 294 29.05
S . 1185 iL5} .69 249 295 9.
1 —] - 1195 iL3e i1.63 b1 ¥ 192 IR 67
o mean | 1LY 1144 11.67 24.55 935 2495
Two splitting doses : :
P oe | e ] | — 163 iLIy 1146 9.0 104 90
[ o [— [ = [— | 17 | sa% | iy 298 | 120 | 00
L_ . J_ | - 11.88 Lo 1149 295 1120 w15
I | & | e 1163 nrr iL.20 o 114 .15
| — 31— » . 1L Hm 11.62 293 309 mio
mean | 177 1107 1142 29.54 338 46
Three spliting doses :
L_._J - | . | —_— I8 0% 10.48 1 27 3185
- « [ - | e 1865 091 iy 113 1250
[ e [ o [ - 136 i iLi9 i 114 moio
e [—1 < | « iLir ny iLox iLé ny nn
mean]| 1093 sy 1091 1168 50 B2
Four splitting doges :
[ e ] =] -« 225 | pu | o 124 34 nw
Fodest Ny Ns M * * .
Grond man 1.53 i} i1 3006 NT7, oy

i) Means followed by the same letter(s), within each colamn , are not significantly
different, according to L.5.D.(0.05).
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Times of Nitrogen Application Effect :

Data of studied plant traits, grain yield and its components as
affected by times of naitrogen application treatments in 2001/2002 and
2002/2003 seasons are presented in Tables ( 3,4,5,6,7,8,9,10,11 and 12).
Data indicated that all studied traits. except for straw yields, were highly
significantly affected by times of nitrogen application in both studied
seasons({Table 3) .The results obtained in this investigation suggested that
split applications of nitrogen fertilizer were likely to produce higher means of
plant height , flag leaf area , spike length , number of spikelets / spike
.number of kerels / spike, 1000- kernel weight grain yield and harvest index
than when the application was made in one single dose . The highest means
of those traits were oblained when nitrogen fectilizer was splitted into equal
four applications, supplied at sowing, 1" irrigation, lillering and at heading
times. On the contrary, means of straw yield decreased when the application
was splitted as compared with the application in one single dose (Table 12).
Means of all studied traits tended to decrease when the whole amount of N
was applied at sowing, 1* imigation or at heading stage, as compared to
application at tillering stage.

Interaction Effect:

As shown in Table (3), the statistical analysis indicated either
significant or highly significant vanations due to the interaction effect between
forms of nitrogen fertilizer and their times of application.

The highest mean values for plant height were obtained by using
ammonium suplhate added in three or four equal doses, in addition to
application of ammonium nitrate and urea in four equal doses (Table 4},

Concerning flag leaf area, the highest mean values were gbtained by
splitting nitrogen to four equal dosses under the three forms of nitrogen; i.e.,
ammonium sulphate, ammonium nitrate and urea (Table 5). However, N in
the ammonium sulphate form resulted in significantly remarkable values of
flag leaf area than in the twe other forms.

For spike length, the highest mean values were recorded by splitting
N to four equal doses as ammgnium sulphate form, with significant differenes
over the two other forms of N;i.e., ammonium nitrate and urea, in the first
and second seasons (Table 6).

For number of spikes /m?, the highest mean values were recorded by
ammonium sulphate form of nitrogen fentilizer when splitted into four doses,
but was insignificantly different from ammonium nitrate form of nitrogen
fertilizer when splitted into four doses and ammonium sulphate form of
nitrogen fertilizer splitted into three doses (Table 7).

With respect to the number of spikelets / spike, datain Table (8)
showed that the highest mean values resulted from fertilizing with nitrogen in
ammonium sulphate form with splitting the amount into four equal doses.
while the loweslt values were obtained from plants fertilized with urea added
as one dose at sowing .

The highest number of kernels per spike (58.7 and 62.8) was
obtained from application of ammonium sulphate nitrogen form spiitted into
four equal doses , whereas the lowest values resulted from using urea
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fertilizer in one dose at heading and at sowing stages in the first (29.6 and
32.1 kernels / spike) and second {29.6 and 30.1 kernels / spike) seasons |
respectively (Table 9) .

Adding nitrogen in the form of ammonium sulphate as a four- split
dose resulted in the highest value for 1000 - kernel weight (43.8 g as an
average of both seasans). Meanwhile, application of nitrogen in urea form at
one dose gaused the lowest mean (37.72 g} over both seascns (Table 10).
Splitting ammonium sulphate as nitrogen fertilizer into four equal doses
resulted in the highest mean of grain yield (7.27 ¥/ha) over two seasons The
superiority of ammonium sulphate nitroegen form in grain yield at four- split
doses might be ascribed !o the increase in the studied components of grain
yield. Morever, applying urea in one dose gave the lowest mean { 3.93 t/ha )
over both seasons (Table 11) .
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