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MAIZE PRODUCTIVITY AS INFLUENCED BY GENOTYPES, SOWI NG
DATES, NITROGEN DOSES AND APPLICATION TIMES AND THE IR
INTERACTIONS

By: Sharaan, A.N.; F.S. Abdel- Samei, and Ekram AMigawer
Agron. Dept., Fac. Agric. at Fayoum, Cairo Univ.

ABSTRACT

Due to climatic, agricultural and irrigation condits of Fayoum
region, some of maize growers coerced to planttft their own seeds of
local type on dates spread from March to July. @ady and late maize
sowings are far from the optimum date. For thessars and may be
other constrains, maize average yield (3.06) i kiwer than the
national average, i.e. 3.33 t/faddan (Agric. Stagst2, July 2000).
Therefore, the present investigation was conductatrough
splitspiltsplit-plot design, during 2000 and 20Gdasons in the Farm of
Fac. of Agric. at Fayoum, to study the effect affgowing dates (main
plots), three N application times (sub-plots) ance¢ N doses (subsub-
plots) on the productivity of three maize hybrideida varieties
(subsubsub- plot). The objectives of this work wete study the
responses of the different genotypes to the otbsted variables, to
determine the relative importance of all variahlegler experimentation,
to specify the optimum combination among thesealdess, and calculate
the reduction in yield due to change in one or nubrinese variables.

The obtained results revealed that the most impbriactors
affecting yield was genotypes followed by sowinged®& doses and then
N application times. Genotypes had the highestetaiton and direct
effect on grain yield followed by sowing date irvéar to early sowing.
The best combination for producing the highestdyighs; early sowing
on May or late of April using single cross “Watamaand fertilized by
150 kg N/fad applied into two halves (before* & 2" irrigation).
Sowing on April or June reduced yield by 2.46 & B2 in the first
season and by 2.35 & 6.20% in the second one,rapar@d with sowing
on May, while the late sowing on July reduced yi®yd49.94 & 50.36%
in the two respective seasons. Reductions in ylaklto changes of the
other three tested variables (genotypes, N dose &pplication times)
were discussed depending upon the interactiontsffec

Key words: Maize genotypes, sowing dates, N doses, N applicaitand their

interactions.

In fact, maize Zea mays L.) as the third international cereal crops, is o
the important national food and feed crops. In Eggoring last two decades,
actual and significant improvement of maize proohigt have been achieved by
using high vyielding varieties and hybrids suited sommer environmental
conditions at different governorates planting dgrihe period from mid May to
mid June under recommended improved cultural presti

This was not exactly true at Fayoum governoratechvicharacterized with
specific environmental conditions make it uniguenpared to other governorates.
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It located within depressed area declined from 2marine to 45m submarine
(affecting water irrigation management) surrounddegert and including about
360-knf water surface (Karoun & Rayan lakes). These cimmdit sharply
affected its climate and then the national culturiatommendations are not
completely suited. In addition, there is a widepsrdiversification due to planting
various winter and summer vegetables. Due to theaditions , many of maize
growers coerced to plant it using their own seddsaal type on dates expanded
from March to July. The early and late sowings cdize, as the available
succeeded crop in vacant fields after some vegetatdps or when irrigation
water become profuse, are common in wide (scufteaszhs of the total maize
area at Fayoum governorate. For these reasons aynterother constrains, maize
average yield (3.06) at Fayoum is still lower til@ national average, i.e. , 3.33 t
/ faddan (Agric. Stat. , part 2, July 2001).

It is well known that sowing date of maize is degieg upon the climatic
conditions prevailing in the crop growing area.igdh and Daynard (1979)
suggested that silking and tasseling of maize wateanced by increasing
temperature and decreasing photoperiod. Severdimprary Egyptian maize
studies (Bishr and Shalaby, 1976; Osneinal., 1980; Eweis, 1981 and El-
Ashmoony , 1983) showed that the highest valugga#th , most yield attributes
and grain yield were obtained from late of May &l of June plantings. Other
recent studies (Abdel-Gawad, 1986; Abdel-Aziz, 198Go El-Zahab and Rady,
1990 and Salem, 1993) emphasized that plantingem@azly on mid May was
preferred to latter plantings.

Maize as one of grain crop belonging to grassesighly responding to
nutrients fertilization especially with nitrogen wh is considered as limiting
factor for maize production. Application of nitragéertilizer had great attention
of many maize workers. But, they differed in deteing the optimum N dose
due to different genotypes and environmental coambt The highest means of
growth, grain yield and most of yield componentgavebtained by applying N
rate up to 80 kg N / fad. (Leilah and El-Kassath987) ; 90 kg N / fad (Khalifat
al., 1983; Kamelet al., 1986 and Badawgt al., 1988) ; 120 kg N / fad (El-
Kassaby and El-Kalla, 1981; Ahmed, 1989; Madtal. , 1990 ; EI-Ashmoony
and El-Hefnawy, 1990 ; Mokadem and Salem, 1994 0ablet al., 1996; Zeidan
et al., 1998 and El-Absawy, 2000); 135 kg N/fad (El-Rassaal., 1988 and
Goudaet al., 1993), and 140 kg N/fad (El-Marsafawy, 1991 armbBakr, 1994).
However, Salenet al. (1983), El-Hosary and Salwau (1989) and Salwau and
Shams EI-Din (1992) found that plant height, earglte yield and yield
components were not significantly increased bydgasing N levels.

In regard to the time of N application, Ali (1983)hmed (1989), Shalalst
al. (1990) and Basha (1994) obtained the highest giald when N was splited
into two equal portions, i.e. beforé' and 29 irrigations. El-Bana and Gomaa
(1994) in sandy soil found that adding of N intarf@qual splits (at sowing, at 25,
40 and 55 days age) resulted in marked increasesafdength and diameter, as
well as, grains weight/ear and grain yield/fad. ldeer, Zeidanet al., (1998)
reported that N application at three or four egglits significantly decreased
grain weight but increased grain—oil content petag® compared with its
application at two equal halves. They did not femay significant effects of N
application time on the other studied grain yidldlautes and grain yield/faddan.
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Significant differences among maize genotypes @hdyand its components
were frequently detected by many investigators (@sehal., 1980; Eweis, 1981;
El-Deep, 1990; Alyet al., 1996; EI-Sheikh, 1998 and El-kalk al., 2001).
Several maize authors suggested that hybrids peodomore ear/plant, better ear
characteristics, heavier weight of grains/plant higther grain yield/fad compared
with the open pollinated varieties. (El-Agamay al., 1987; Abdul-Galilet al.,
1990 Goudat al., 1992; EI-Sheikh, 1998 and Radwetnal., 2001). Significant
interactions between maize genotypes and N apigicatere detected by various
authers (Khaifeet al., 1983; Ahmed, 1989; El-Deep, 1999; El-Kadiaal., 2001
and Radwaret al., 2001).

The objectives of the present investigation wearesttidy the productivity of
three maize genotypes under different combinatisinsowing dates, nitrogen
dose and N application times, to assess the relatiportance of these four tested
variables, and to determine the optimum combinafjand alternative ones)
suitable for improving crop production at Fayourgioa.

MATERIALS AND METHODS
Two field experiments were carried out in the ekpental farm of the
Faculty of Agriculture at Fayoum, during 2000 ar@D? seasons, to study the
performance and productivity of maize genotypesdi@s variable) under other
three agricultural variables. In both seasons,utbed statistical design was split
split split-plot, with three replications. The platea was of 3.5 x 4 m. The
preceding crop was Egyptian clover in both seas®hs. field soil, in the two
seasons, was calyey in texture with pH of 7.5 amdtained organic matter of
about 2.1% and CaGof 6.5%. It possessed N and P as available ntgraii09
and 10.8 in the first season and 420 and 10.6 ppithe second season one.

Monthly mean temperatures from April to Oct. we62 29.5, 30.2, 31.7, 30.4,

28.7 and 28.0 in the first season and 28.2, 2@@, 31.5, 30.6, 29.0 and 28.1°C

(Fayoum Metreorological Station at Itsa). The stddfour variables and their

arrangement within the design was as follows:

1. Four sowing dates (in main plot), i.e.;;JSApril 15; (S): May 15; (S): June
15 and (%): July 15.

2. Three nitrogen application times; i.e.iJCaddition in three portions: 1/5 at
sowing and 2/5 before each of and 2¢ irrigation; G): addition in three
portions: 1/5 before®1, 2/5 before each of'2and 3 irrigation, and (G):
addition in two halves , i.e. , ¥ before each®and 2 irrigation.

3. Three nitrogen doses , as ammoniom nitrate 33.5 N..80 90 (@), 120 (})
and 150 (RQ) kg/faddan.

4. Three maize genotypes, i.e.;j@alady, is a local type frequently handled by
many farmers and may be originated to Giza 2 wapevpagated by farmers
for long time; (G) Three-way cross (T.W.C.310), and 3{GSingle cross
“Watania 4” (S.C.Wat. 4). The sources of seeds weeffarmer for balady type
and ARC, at Giza, Min. Agric. for the two hybrids.

The recommended cultural practices for growing mamere followed.
Harvest was done on Aug. 8 and 5; Sept. 10 anctc;50and 3, and Oct. 29 and
28 for the four sowings in the first and secondseearespectively. At harvest
time, ten guarded plants were choosen to measarg peight (cm), ear length
(cm), ear diameter (cm) number of rows/ear, grauesght (g) and 100 grain
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weight (g). Grain yield (t)/faddan was calculatedtbe plot bases. The collected
data were subjected to factorial analysis of vaeaaccording to Gomez and
Gomez (1984). Simple correlation among all studiadables and grain yield, as
well as, direct and indirect effects of these Jaga on grain yield were recorded
using the procedures described by Dewey and L19.195

RESULTS AND DISCUSSION
Effect of sowing date (S):

The four monthly dates of sowing, between mid ofriA mid of July,
significantly affected all of the studied charasten 2000 and 2001 seasons
except plant height in the second seasons and fH)O @eight in both seasons
(Tables 1 & 2). These results indicated that mdsaracters were greatly
influenced by climatic conditions. Whereas, 100imgraveight was the most
constant one over dates. It was observed, genethHy delaying sowing date
decreased the yield component means, but in slighfferent manner in the two
successive seasons. Where in the first season, $gpving showed some highest
means followed by May, June and July sowings. Whiline second season, May
sowing had the best character means followed byil,Apune and then July.
Consequently, in both seasons, grain yields of Mbawing (3.368 and 3.322)
were insignificantly different from those of Apsbwing (3.285 and 3.244 t/fad.).
April sowing produced yields similar to those ohdusowings (3.159 and 3.117
t/fad.) which significantly decreased than thos&lalfy sowing in the first and the
second season, respectively. Superiority of Maytplg was in agreement with
those reported by Abdel-Gawad (1986) Abdel-Aziz82® Abo El-Zahab and
Rady (1990) and Salem (1993). But, none of the enaiathors indicated the
superiority of April planting detected herein at ydam region which
characterized with its own specific environmentahditions. However, sowing
maize on July induced considerable reduction imngyeeld, i.e., 1.686 and 1.649
t/faddan in the two respective seasons, indicdtnag late sowing on July is not
economic and should be refused.

These results revealed that sowing maize crop\aiufa on May or April is
beneficial and recommended. But under compeledimistances, maize sowing
may be done on June with some supportable yieldctesh. Whereas, expansion
sowing to July not expected to produce satisfiedidybut done in order to cover
the vacant fields. Drastic yield reductions in Jabwings may be due to short
growing season and small heat unit sum associatethe period from July
planting dates to harvest dates on the end of @ctdfhese results interpreted
why maize crop is sown at Fayoum during the pefrodth April to July. It is
interest to note that the present results sliglitviate from the national
recommendation concerning maize sowing date, wpromotes sowing on mid
May to mid June. The results also confirmed thavvikeat Fayoum governorate
should be have specific crop-production recommeoist due to its specific
edaphic and climatic conditions.

Effect of N application times (C):

Analysis of variance showed significant difference® to different three
times of N application for all studied characterghe first season and for number
of rows/ear, 100 grain weight, and grain yield/faddn the second one (Tables 1
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& 3). It was noticed, in almost all cases, that ttied tregtment (6), i.e. addition
N fertilizer in two equal portions; before eachl8fand 29 irrigation, was the best

Table (1): Significant (*) and highly significant (**) difference for yield
attributes and grain yield / fad due to the effecbf main sources
of variation and their interactions, in 2000 and 201 seasons.

Characters Plant Ear Ear Rows Grains 100 grain Gr.
SV height length diameter no./ear wt./ear weight (g) | VYield/fad
DF |l | g | |g9|lo|lag|lo|lalo|lag|lol|la|lo |«
o o o o o o o o o o o o o o
o o o o o o o o o o o o o o
N N N N N N N N N N N N N N
Reps 2
SOW Dates (S) 3 *%k *%k *% *% * *% * *%k *%k * *
Err. 6
N. appl (C) 2 *%k *%k - *% - *% * *%k *%k *%k *%k *%k
SC 6 *%k - - - - *% *%k - - - *%k *%k
Err. 16
Ndose (D) 2 *% ** ** *% *% - *% - ** ** ** ** ** *%
SD 6 *%k *% - - - *% *%k *%k *%k *%k *%k *%k
CD 4 *% *% - *% - **
SCD 12 ** - - - - *% **
Err. 48
Genotypes (G) 2 *% ** ** *% *% *% *% *% ** ** ** ** ** **
SG 6 *% - *% *% - *% - *% *% - *% *% *% *%
CG 4 *%k *%k - *% - *% *% *%k * *%k *%k
SCG 12 *% - *% - - - *% *% *% *% *% - *% *%
DG 4 - *% - *% *% *% - *% *%
SDG 12 o - - - - - o
CDG 8 *% - *% - *% - *% *%
SCDG 24 - - - - *% *% - - - *% *%
Err. 144

- . Denotes insignificant

Table (2): Maize characters as affected by sowingates (S-4) in 2000
&2001 seasons

Characters season S S S S LSD g5

Plant height (Cm) 2000 241,91 | 232.61 | 210.00| 180.61 1.82
2001 220.51 | 227.21 | 219.30| 219.30 NS

Ear Iength (Cm) 2000 21.14 21.18 18.65 17.31 0.29
2001 18.90 20.22 18.84 15.97 0.43

Ear diameter (cm) 2000 | 4.52 4.44 4.42 4.12 0.03
2001 4.33 4.41 4.28 4.09 0.15

Rows number / ear 2000 11.53 11.40 11.29 11.19 0.03

2001 | 11.84 | 11.96 | 1151 | 1125 | 061
Grains weight (g) / ear | 2000 | 180.05| 183.98 | 149.31 | 135.87 | 1.10
2001 | 142.95| 14514 | 133.99 | 96.39 | 4.98

100 grain weight (g) 2000 | 31.55 | 31.91 | 31.84 | 31.71 NS
2001 | 31.48 | 31.91 | 31.79 | 31.63 NS
Grain yield (t/fad) 2000 | 3.285 | 3.368 | 3.159 | 1.686 | 0.137

2001 3.244 | 3.322 | 3.117 1.649 0.163
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Table (3): Maize characters as affected by nitrogerapplication times

(C1.3) in 2000 &2001 seasons

Characters season G C, Cs LSD.os
Plant height (cm) 2000 213.34 215.87 218.69 1.91
2001 219.62 222.20 222.91 NS
Ear length (cm) 2000 19.22 19.14 20.35 0.28
2001 18.33 18.64 18.48 NS
Ear diameter (cm) 2000 4.34 4.23 4.25 0.02
2001 4.28 4.28 4.27 NS
Rows number / ear 2000 11.30 11.29 11.46 0.06
2001 11.55 11.85 11.52 0.32
Grains weight (g) / ear 2000 165.50 134.79 186.62 1.68
2001 129.64 127.98 131.23 NS
100 grain weight (g) 2000 31.85 31.38 32.02 0.07
2001 31.80 31.33 31.99 0.12
Grain yield (t/fad) 2000 2.955 2.587 3.082 0.071
2001 2915 2.541 3.043 0.056

application times and surpassed the second og)e i(€ addition N fertilizer in
three portions, at sowing and before each®tdrid 2 irrigation, for all characters
in both seasons. These results are in agreemdnthaise reported by Ali (1985);
Ahmed (1989); Shalabgt al. (1990) and Basha (1994). However, Zeidhml.
(1998) reported that splitting N dose into thredoarr portions did not affect grain
yield/faddan and yield attributes but decreaseddr@th weight. Superiority of £
treatment may be due to splitting the fertilizetoironly two portions and the
plants received fertilizer at proper stages of dipwvhile in G treatment the
plants received some fertilizer early at sowing chhreduced the two portions
added before $Land 29 irrigation which become relatively smaller tharosh
corresponding ones ingCHowever G produced the lowest character means due
to delaying of fertilization which splitted in tregoortions (before each|12™ and
34 jrrigation).

Consequently, €treatment produced the highest grain yields (3.68&
3.043) significantly increased those of (2.955 and 2.915 t/fad.) in the first and
second seasons, respectively. Whereagsagplication treatment gave marked
decreased yields reduced by 16.06 and 16.50 % ceohpa those of €in the
two respective seasons.

Effect of nitrogen doses (D):

Except ear diameter and number of rows/ear in ¢ésersl season, all of the
studied characters exhibited significant differendae to fertilization by different
N doses in the two seasons of experimentation €gabl& 4). For all characters,
it was found that fertilization with 150 kg N/fa@Ds) resulted in the highest
means in both seasonsg freatment possessed character means significantly
increased those of JJ120 kg N/fad.) and both surpassed those of{9D kg
N/fad.). The obtained results may be in line wiibge detected by El-Marsafawy
(1991) and Abo-Bakr (1994) whereas it contradicteith other maize
investigators who obtained vyield increases by msireg N doses up to 120
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kg/faddan (Ahmed, 1989; Mattat al., 1990; El-Ashmoony and El-Hefnawy,
1990, Ashoubet al., 1996; Zeidaret al., 1998 and El-Absawy, 2000). On the
other hand, Saleret al., (1983); El-Hosary and Salwau (1989) and Salwau and
Shams EI-Din (1992) recorded insignificant increaiseyield and its attributes by
increasing N levels. These contradicted results maydue to different soil
fertility, soil N availability and maize genotypess well as, most of them applied
N dose up to only 120 kg N/faddan.

As shown in Table (4) fertilization with 150 kg Hé (D;) produced the
highest grain yield/fad (2.983 and 2.944) and s$icgmtly increased those of,D
(2.884 and 2.849 t/fad.) in 2000 and 2001 seas@spectively. However, D
produced the lowest yields reduced by 7.57 and &0&mpared to those of;D
in the two respective seasons.

Table (4): Maize characters as affected by nitrogerdoses (R3) in 2000
&2001 seasons

Characters season [5) D, Ds LSD o5
Plant height (cm) 2000 214.07 215.74 218.10 0.65
2001 218.26 222.40 224.07 4.55
Ear length (cm) 2000 19.09 19.57 20.06 0.11
2001 18.28 18.12 19.04 0.35
Ear diameter (cm) 2000 4.20 4.39 453 0.02
2001 4.28 4.26 4.29 NS
Rows number / ear 2000 11.11 11.31 11.64 0.06
2001 11.58 11.63 11.71 NS
Grains weight (g) / ear 2000 137.26 152.60 197.06 1.83
2001 125.36 128.08 135.41 4.07
100 grain weight (g) 2000 31.55 31.55 31.96 0.07
2001 31.48 31.71 31.93 0.09
Grain yield (t/fad) 2000 2.757 2.884 2.983 0.023
2001 2.706 2.849 2.944 0.029

Effect of genotypes (G):

As expected, the cultivars showed significant défees , due to usage of
different bred genotypes and to the presence @adyalype among them (Tables 1
& 5). These significant genotypic differences wpreviously detected by several
authors (Osmat al., 1980; Eweis, 1981; El-Deep, 1990; Adyal., 1996; El-
Sheikh, 1998 and El-Kallat al., 2001). The S.C. Watania 4 {Qwvas the best
genotype followed by the T.W.C. 310 fGvhereas the local type {JGwas the
worst, reflecting the importance of recommendatemmcerning with planting
improved varieties and hybrids. Superiority of neailybrids over the open
pollinated varieties was indicated by various inigagors (EI-Agamyet al., 1987;
Abdul-Galil et al., 1990; Goudat al., 1992; EI-Sheikh, 1998 and Radwetral .,
2001). It was noticed, in both seasons, that S.@tava 4 was significantly
higher than T.W.C. 310 for all studied charactefable 5). Both hybrids
surpassed Balady stock for all characters exceft dr@in weight in the two
seasons. In this concern, Salem (1993) reportedDi@ 215 gave the highest
values of yield and its components, except 100ngnagight, compared to Giza 2
variety. But, superiority of Balady in 100 grain iglet could not compensate its
inferiority in other characters, as compared teéhof hybrids, and then produced
the lowest grain yield (1.941 and 1.904 t/fad.) 2800 and 2001 seasons,
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respectively. On the other hand, the highest gyaid (3.408 and 3.366 t/fad)
was produced by S.C. watania 4 due to its supaigd components, which
significantly increased those of T.W.C. 310 by 3298 4.10 % and the respective
values were 43.05 and 43.43 % as compared withdBatathe first and second
season, respectively.

Table (5): Maize characters as affected by genotype (G..3) in 2000 &2001

seasons
Characters Season © Gy Gs LSD g5
Plant height (cm) 2000 199.93 | 221.73 | 226.25| 0.53
2001 215.16 | 221.88 | 227.69| 3.07
Ear length (cm) 2000 17.38 19.87 21.46 0.11
2001 17.28 18.72 19.45 0.42
Ear diameter (cm) 2000 4.25 4.38 4.50 0.02
2001 4.20 4.27 4.35 0.06
Rows number / ear 2000 9.43 12.22 12.39 0.05
2001 9.94 12.12 12.86 0.32
Grains weight (g) / ear 2000 141.30 | 162.34 | 183.26| 1.73
2001 109.25 | 131.06 | 148.54| 4.71
100 grain weight (g) 2000 32.38 31.27 31.60 0.06
2001 32.34 31.20 31.59 0.06
Grain yield (t/fad) 2000 1.941 3.274 3.408 | 0.025
2001 1.904 3.228 3.366 | 0.029

Interaction effects on yield attributes and grain yeld:

The data listed in Table (1) reveal that significemeractions detected in
the first season were greater than those of th@nseone, due to the
environmental fluctuations. SC interaction had gigant effects on ear length,
grain weight/ear (in % season) and rows no./ear (if¢ Zeason) and grain
yield/fad (in both seasons). SD interaction wasnwrked effects on rows
no./ear (in ¥ season) and ear length, grain weight/ear, 100 gr@ight and
grain yield/fad (in both seasons). SCD interactggnificantly affected ear
length and grain weight/ear (i} 5eason) and rows no./ear (if 8eason). SG
(sowing date x genotype) interaction was significiam all characters in both
seasons, except ear diameter and rows no./eaf (gedson) and plant height
and grains weight/ear (if®season), indicating the relative importance ohbot
variables (S&G) affecting yield and yield attribsite

CG interaction was significant for all characteirs {* season) and rows
no./ear and grain yield/fad. in both seasons. S@&action affected plant height,
ear diameter and 100 grain weight (fiskeason) and grains weight/ear and grain
yield/fad in both seasons. DG interaction affecadlength and grains weight/ear
(in 1*' season) and rows no./ear and 100 grain weightoth Beasons. SDG
interaction was significant for only plant heightdagrains weight/ear (in*1
season). CDG interaction had marked effects omeeagth, ear diameter and rows
no./ear (in ¥ season) and grains weight/ear in both seasons.
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It was noticed, in general, that ear length, rowgear and grains weight/ear
were the most yield attributes affected by mosstfisecond, or third order
interactions especially in the first season. Alsathe most cases, there was great
similarly of the significant interactions affectgdain yield/fad (in one side) and
100 grain weight, grains weight/ear, rows no./aad aar length (in other side)
indicating their tight relations. Each 100 grainigi® and grain yield/fad showed
full similarity for significant interactions in bbtseasons. The interactions affected
grain yield, as ultimate goal of the crop productiwill be discuss in details.

The highest and lowest grain yield/fad for all lsnof interactions among
the four tested variables are presented in Talile& ) in the two respective
seasons. It is interest to note that all the higlgedds were obtained from the
first, second or third order interactions between &, D; or G;, whereas, the
lowest yields were obtained from the interactioasieen & C,, D1 or G in both
seasons. These results indicated the advantagarlgfsewing of S.C. wat.4 on
May and fertilized by 150 kg N/feddan added in tegual portions at*Land 2¢
irrigation (S C3 D3 G3). In both seasons by calculation the differeneds/ben the
highest and lowest means at the significant intenas, the third-order one (S C
D G) which showed the greatest differences ranisethe first followed by SCG,
CG, SC, SD and CG reflecting the considerable effdc the third order
interaction (including the four variables) followdxry the second order (three
variables) and then the first order (two variablegd)ich showed the least
differences. These results indicated that mostheke significant interactions
included S, G, C or all reflecting the relative ionf@ance of sowing date,
genotypes, N application times for maize produttivi

Table (6): The highest and lowest grain yield (t/fd) under all
different levels of interactions, in 2000 season.

Interact Highest Mean LSD o5 Lowest Mean Difference | Rank
Value | S C D| G value S C| D| G

SC 3.662 | 2 3 . . 10.142 | 1543 | 4 | 2 . . 2.119 4
SD 3.486 | 2 . 3 . |0.054| 1588 | 4 . 1 . 1.998 5
CD 3.047 | . 3 3 . NS 2.485 | . 2 1

SCD |3.771| 2 3 3 . NS 1436 | 4 | 2 1 .
SG 4.088 | 2 . 3 |0.050| 1.369 | 4 . 1 2.718 3
CG 3.519 | . 3 3 ]0.043| 1.772 | . 2 1 1.746 6
SCG (4484 | 2 3 . 3 |0.086| 1.222 | 4 | 2 . 1 3.261 2
DG 3.381 | . 3 |3 NS 1.825 | . 1 1

SDG [4.213]| 2 . 3 |3 NS 1.289 | 4 . 1 1

CDG |3.612] . 3 3 |3 NS 1.658 | . 2 1 1

SCDG |4.554 | 2 3 3 |3 |0211| 1116 | 4 | 2 1 1 3.438 1

To calculate the effect of change in the levelSo€C, D and G, the highest
and second highest yield means of the significahit SD, SG, SCG and SCDG
were recorded under each sowing date and presenieables 8 & 9 for the two
successive seasons.

Change in sowing date fromyBo B;, B and B, induced yield reductions of
3.97, 11.15 and 51.67 % in the first season ari@f, 11.17 and 51.94 % in the
second season, as measured from the third ordaaation, indicating again the
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importance of early sowing on May and April (TaBle Insignificant differences
between the highest and second highest vyielthsnegpresent ( as in third
order interaction, SCDG, in both seasons) bhyDg Gs and G D, Gs for April
(S1) sowings and by £D3; Gz and G D, Gs for May (S) , June (9and July (9

Table (7): The highest and lowest grain yield (t4d) under all
different levels of interactions, in 2001 season.

Interact Highest Mean LSD o5 Lowest Mean Difference | Rank
Vaue | S| C| D| G Vaue | S| C| D| G

SC 3.617 | 2 3 . . 10112 1513 | 4 | 2 . . 2.104 4
SD 3.459 | 2 . 3 . | 0.038| 1.544 | 4 . 1 . 1.915 5
CD 3.007 | . 3 3 . NS 2.417 | . 2 1

SCD | 3.745 | 2 3 3 . NS 1400 | 4 | 2 | 2 .
SG 4053 | 2 . 3 [0039| 1328 | 4 . 1 2.725 3
CG 3.476 | . 3 3 | 0.033| 1.742 | . 2 1 1.734 6
SCG | 4445 | 2 3 . 3 10067 1129 | 4 | 2 . 1 3.316 2
DG 3.347 | . 3|3 NS 1.795 | . 1 1

SDG | 4192 | 2 . 3|3 NS 1.247 | 4 . 1 1

CDG | 3575 | . 3 3|3 NS 1.639 | . 2 1 1

SCDG | 4.520 | 2 3 3|3 ]0218| 1.100| 4 | 2 1 1 3.419 1

sowings (Tables 8 & 9) indicated that there wesggmificant differences between
120 and 150 kg N doses (change aft®D,) under all sowing dates but with the
presence of high levels of the other two variabf&sange in D may be differ if
the four variables were not considered where tlealt® of the first order (SD)
interactions showed that change N dose fromadCD, significantly reduced yield
under all sowing dates in both seasons. From SG & SCDG interactions, it
was noticed that, at early sowing on April;, @ddition N at sowing before each
of 1% and 2¢ irrigation) was preferable whereas in May-July sms G was
preferable. This observation was confirmed in be¢hsons (Table 8 & 9). This
effect may be due to the cold rihzosphere at Apetds some N dose early (at
sowing) to make it worm.

At all sowing dates and in both seasons (Tables%®,&ased on the data of
SC and SCG interactions, it could be recordeddhahge from €to G; induced
significant differences in grain yield. Also, cha&nm genotypes from £to G,
(based on SCG interaction) significantly reduceairgyield/faddan.

Further evidence for the relative importance offthe tested variables was
obtained by calculating the simple correlation,v&sl as, direct and indirect
effects of these variables with grain yield (Tak®. The data of both seasons
showed that, maize genotypes had the highest pesitrrelation coefficient, as
well as, direct and total effects on grain yieltheTsecond effective variable was
sowing date, which had negative and significantetation, in favour to early
sowing date, as well as direct and total effectsgomin yield. The other two
variables (N dose and application time) showedgmficant and comparable
values
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Tables 8,9
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Table (10): Simple correlations (r) of the four teted variables and their direct
and indirect effects on grain yield/faddan, in 200@ 2001 seasons

2000 2001
Varlables ] Total Direct |ndirec ] Total |Direct Indlrst
effect| effect [t effect effect | effect
effect
S(X) |-0.506 | 0.2559| 0.2558 | -0.0001 -0.5060.2563 | 0.2565| -0.000p
C (X2) 0.050 | 0.0025 0.0025| 0.0000 0.050 0.0025 0.0025 00.00
D (X3) 0.088 | 0.0078 0.0078| 0.000p 0.093 0.0078 0.0078 00.90
G (X,) |0.573 |0.3285| 0.3284 | 0.000] 0.574/0.3295 | 0.3296/ 0.0001
R for al 0.590 0.592
? = 2236.00-0.0473%0.636X%+0.0113%+0.0734% 1183.7'-0.0471%+0.636%+0.0119X%+0.0731X%
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