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ABSTRACT

Two field experiments were conducted during the 2005 and 2006 growing
seasons at the Experimental Farm of the National Research Centre at Shalakan,
Kalubia Governorate, Egypt, to study the response of maize yield and its components
and associated weeds to two irrigation intervals (every 2 and 3 weeks), three weed
management treatments (metribuzin herbicide, hoeing twice at 25 and 40 days from
sowing and weedy check) and four N forms (ammonium sulfate, ammonium nitrate,
urea and calcium nitrate).

Results showed that irrigation every 2 weeks significantly decreased grassy and
total weeds and NK uptake by weeds. Providing maize plants by irrigation every 2
weeks significantly increased chlorophyll a leaf content, yield and its components,
grain P content and protein yield/fed. Hoeing twice was more effective than metribuzin
herbicide for controlling grassy and total weeds and lowering N, P and K uptake by
weeds. Application of metribuzin markedly increased chlorophyll a leaf content, while
hoeing twice was the effective treatment for increasing yield and its components,
except ear diameter, and enhanced grain N content, protein % and protein yield/fed.

Calcium nitrate significantly decreased dry weight of grassy and total weeds and
NK uptake by weeds. Adding ammonium nitrate markedly increased chlorophyll a leaf
content, number of rows/ear, 100-kernel weight and grain yield/fed. Irrigation every 2
weeks with metribuzin treatment gave the maximum values of 100-kernel weight, ear
yield and grain yield /fed when ammonium nitrate as nitrogen form was used.
Keywords: Maize, Weeds, Irrigation, Nitrogen

INTRODUCTION

In Egypt, maize is considered as one of the most important strategic
cereal crops. The local production declined under self sufficiency level,
resulting some serious problems. To overcome such deficiency, production
per unit area must be maximized through good achievement of some
agricultural practices, including irrigation, weed management and nitrogen
fertilization .

Water is often primary limiting factor for maize production. Previous
studies indicated that prolonging irrigation intervals led to decreased growth,
yield and yield components of maize (Ibrahim et al., 1992; Atta-Allah, 1996
and Abd EL-Maksoud et al., 2008). EL-Marsafawy (1995) found that
prolonging irrigation intervals produced shorter plants, lower number of
leaves/plant, leaf area index and number of kernels/ear. Mahfouz (2003)
reported that water stress treatment (irrigation every 25 days) caused
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significant reduction in growth parameters, yield and its components of
maize.

Weeds are considered as a major problem in maize fields. They cause
serious reduction in productivity. The reduction in maize yield due to weed
competition reached 66-90 % (Dalley et al.,, 2006 and Abouziena et al.,
2007). Several researchers have been reported that application of two hand
hoeings significantly decreased weed growth and improved the growth, yield
and its components of maize (Sharara et al., 2005; Abd EL-Lattief and
Fakkar, 2006 and EL-Metwally et al., 2006). Krausz et al. (2003) stated that
metribuzin herbicide controlled mouser chickweed and henbit by 100 and 97
%, respectively. EL-Metwally et al. (2006) found that application of metribuzin
gave the best control of weeds and increased maize yield up to 74.52 % over
the control.

Ammonium slfate, ammonium nitrate, urea and calcium nitrate are
common used as N sources in Egyptian corn cultivation. Thus, the evaluation
of these forms to choose the best of them with regard to their effect on maize
productivity is of paramount importance. Plants supplied mixed N nutrition
may expend less total energy than those supplied all NOsz because
assimilation NH4* requires one third as many ATP equivalent as dose NOs
(Salsac et al., 1987). But the previous researches did not exactly determine
what is the favorable N form for maize. In this regard, Hassan et al. (1993)
showed that no significance in ear length, number of rows/ear, zor
ammonium nitrate. While, Hammam (1995) found that ammonium nitrate or
urea showed favorable effect in improving yield components as compared
with calcium nitrate. Also, Abd EL-Hameed (2005) reported that ammonium
nitrate increased grain and biological yields as compared with using
ammonium sulfate or urea.

The objective of this investigation was to study the effect of irrigation
intervals, weed management treatments and nitrogen forms on maize and
associated weeds.

MATERIALS AND METHODS

Two field experiments were conducted during the 2005 and 2006 growing
seasons at the Experimental Farm of the National Research Centre at
Shalakan, Kalubia Governorate, Egypt, to study the response of maize yield
and its components and associated weeds to two irrigation intervals (every 2
and 3 weeks), three weed management treatments (metribuzin herbicide,
hoeing twice at 25 and 40 days from sowing, and weedy check) and four N
forms (ammonium sulfate, 20 % N {N1}, ammonium nitrate, 33.5 % N {N2},
urea, 46.5 % N {N3} and calcium nitrate, 15 % N {N4}).

Irrigation intervals were performed after the first irrigation. Metribuzin
herbicide (Sencor 70 % WP, 4-amino-6-tert-butyl-3-methylthio-1,2,4-triazine-
5(4H)-one) at the rate of 0.3 kg/fed was sprayed on the soil surface (pre-
emergence) immediately before the sowing irrigation using knapsack sprayer
with one nozzle boom and the carrier was 200 L water/fed. Each N form was
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applied at a rate of 90 kg N/fed at two equal portions before the first and
second irrigations.

The experiments were established with split-split plot design using three
replicates. The main plots included the two irrigation intervals, while the sub-
plots occupied by weed management treatments and the sub-sub plots were
devoted to the four nitrogen forms. The experimental unit area was 10.5 m?,
contained 5 ridges (3.0 m length and 0.7 m apart).

The soil texture of the experimental site was clay loam, with 1.1 %
organic matter, 0.13 % total nitrogen and pH of 7.5. The preceding crop was
wheat in both seasons.

Grains of maize (c.v. 30-K8, single cross) were drilled in one side of ridge
in hills 25 cm apart at a rate of 10 kg/fed. The sowing date was May 8t and
12t in the 1st and 2 seasons, respectively. At 25 days after sowing, plants
were thinned to secure one plant/hill followed by the first irrigation.
Phosphorus fertilizer in the form of calcium super phosphate, 15.5 % P20s
was applied during the soil preparation at the rate of 100 kg/fed. All other
recommended cultural practices were adopted throughout the two seasons.
Measurements:-

Weeds:

Weeds of one square meter from the middle ridge of each experimental
unit were hand pulled at the 11" week from sowing, then the biomass of
broadleaf, grassy and total weeds expressed in dry weights were estimated.
The dry weight was recorded after air drying for 6 days and oven drying at 70°
C for 24 hours. Moreover, N, P and K percentages in total weeds were
measured as described by Cottenie et al . (1982). Then, the uptake of such
nutrients was computed by multiplying the element % x dry weight of total
weeds.

Maize:

At the 11 week from sowing total chlorophyll content (SPAD value) of
the fourth maize leaf from top the plant was determined by Minolta
Chlorophyll Meter 502, Soil Plant Analysis Department (SPAD) from Minolta
Company. Then, chlorophyll a was calculated by transforming the SPAD units
to mg/m? using the following equation: chlorophyll a = 80.05 + 10.4 x [SPAD]
according to Monje and Bugbee (1992).

At harvest, ten guarded plants were chosen randomly from each
experimental unit to measure plant height, ear length, ear diameter, number
of rows /ear, number of kernels/row and 100-kernel weight. Moreover, whole
plants of each experimental unit were harvested to estimate ear and grain
yields/fed.

Also, N, P and K contents in grains of maize were estimated as described
by Cottenie et al . (1982). In addition to the calculation of protein % and
yield/fed.

Statistical analysis:

All the obtained data from each season were exposed to the proper
statistical analysis of variance according to Gomez and Gomez (1984). The
combined analysis of variance for the data of the two seasons was performed
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after testing the error homogeneity and LSD test at 0.05 level of significance
was used for the comparison between means.

RESULTS AND DISCUSSION

I- Weeds:

Weed flora presented in the experimental area included common
purslane (Portulaca oleracea L.) as broadleaf weed as well as barnyardgrass
(Echinochloa colonum (L.) Link.) and crowfoot grass (Dactyloctenium
aegyptium, (L.) P. Beauv.) as grassy weeds.
1-Effect of irrigation intervals:

Results in Table 1 indicate that the differences between irrigation every 2
and 3 weeks reached the significance level in dry weight of grasses and total
weeds as well as NK uptake by weeds, while dry weight of broadleaf weeds
and P uptake were not affected. In this connection, less value was obtained
with irrigation every 2 weeks. It could be concluded that increasing irrigation
intervals reduced the vegetative growth of maize plants which gave good
chance for weeds to grow well under irrigation every 3 weeks.
2-Effect of weed management:

All weeded treatments reduced the dry weight of broadleaf, grassy and
total weeds as well as nutrients uptake by weeds than weedy check (Table
1). Hoeing twice was more effective than metribuzin herbicide against grassy
and total weeds. While, metribuzin along with hoeing significantly reduced the
dry weight of broadleaf weeds as compared to weedy check. Consequently,
the less values of N, P and K uptake by weeds were observed with hoeing
twice followed by metribuzin. On the contrary, weeds in weedy check plots
removed 74.7-306.1, 90-322.2 and 100.8-317.7 % of N, P and k, respectively
than weeded treatments. Such results reveal that hand hoeing twice has a
wide spectrum for weed elimination than metribuzin. However, metribuzin
controls annual broadleaf and some grasses. Also, such herbicide absorbed
through roots from soil and translocated to shoots and inhibits photosynthesis
resulting in blocking electron transport leading to stopping CO: fixation and
producing ATP and NADPHz (WSSA, 1994). Similar findings were reported
by Abd EL-lattief and Fakkar (2006), EL-Metwally et al. (2006) and Abouziena
et al. (2007).
3-Effect of nitrogen forms:

The available results show significant differences in dry weight of grassy
and total weeds as well as NPK uptake due to nitrogen forms (Table 1). It is
obvious that adding calcium nitrate produced the lowest dry weight of grassy
and total weeds dry weight and NK uptake, while ammonium sulfate was the
effective for decreasing P uptake. Contrarily, using ammonium nitrate gave
the highest values in this respect. Similar results were obtained by Smiciklas
and Below (1992) and Hussein and EL-Mergawi (1997). Results also
indicated that there was no significant effect of nitrogen forms on broadleaf
weeds, clearing their higher adaptability than grasses under various
nitrogenous statuses.
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Table 1: Effect of irrigation intervals, weed management and nitrogen
forms on weed dry weight and nutrients uptake by weeds.

Trait Weed dry weight (g m?) Nutrients uptal_(ze by weeds
ITreatment (g m)
Broadleaf | Grassy | Total N | P | K
Irrigation intervals
2 weeks 11.2 54.2 65.5 2.49 0.22 3.43
3 weeks 4.9 75.7 80.7 3.19 0.23 4.45
LSD (0.05) NS 6.6 9.2 0.45 NS 0.54
eed management
Metribuzin 2.8 76.7 79.6 2.65 0.20 3.39
Hoeing 6.4 24.3 30.7 1.14 0.09 1.63
eedy check 14.9 93.6 108.9 4.63 0.38 6.81
LSD (0.05) 5.4 7.8 8.1 0.40 0.02 0.51
Nitrogen forms
IAmmonium sulfate 7.2 64.6 71.8 2.74 0.18 3.95
Ammonium nitrate 8.6 71.7 80.3 3.29 0.26 4.13
Urea 9.4 63.6 73.1 3.08 0.22 4.12
Calcium nitrate 7.1 59.9 67.0 2.25 0.24 3.55
LSD (0.05) NS 7.2 7.6 0.33 0.02 0.44

4-Interaction effect:

Generally, all possible interactions among irrigation intervals, weed
management and nitrogen forms had considerable impacts on dry weight of
broadleaf, grassy and total weeds and their NPK uptake as presented in
Tables 2 and 3.
a-Irrigation intervals x weed management:

Irrigation every 2 weeks produced the lowest dry matter of grassy weeds
when hand hoed twice. Also, irrigation every 3 weeks with either metribuzin
or hoeing twice recorded the lowest dry weight of broadleaf and total weeds,
respectively. Moreover, the minimal values of N, P and K uptake by weeds
were obtained with irrigation every 3 weeks x hoeing twice.
b-Irrigation intervals x nitrogen forms:

Irrigation every 2 weeks with adding calcium nitrate produced the lowest
values of grassy and total weeds (Table 2). Using the same form of nitrogen
and irrigation every 3 weeks gave the lowest dry weight of broadleaf weeds.
Additionally, irrigation every 2 weeks with each of calcium nitrate, ammonium
sulfate and ammonium nitrate showed the maximum reductions in N, P and K
uptake by weeds, respectively.
c-Weed management x nitrogen forms:

Hoeing twice with calcium nitrate (for grassy and total weeds) and
metribuzin with calcium nitrate (for broadleaf weeds) produced the lowest
values of dry weight (Table 2). Also, weeds uptake the minimum values of N
(with hoeing x calcium nitrate) and PK (with hoeing x ammonium nitrate).
d-Irrigation intervals x weed management x nitrogen forms:

In plots fertilized with calcium nitrate, irrigation every 2 weeks with
metribuzin and irrigation every 3 weeks with metribuzin or hoeing were the
efficient combinations for decreasing the dry weight of broadleaf weeds
(Table 3). Plots hand hoed twice and fertilized with calcium nitrate produced
the lowest dry weight of grassy weeds (with irrigation every 2 weeks) and
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total weeds (with irrigation every 3 weeks). The minimum values of N, P and
K uptake by weeds were recorded with irrigation every 3 weeks x hoeing x
ammonium nitrate.

Table 2: Effect of the first order interactions between irrigation intervals,
weed management and nitrogen forms on maize weed dry
weight and nutrients uptake by weeds.

. . 2 Nutrients uptake by
Treatment Trait Weed dry weight (g m) total weeds (g m?)
Broadleaf | Grassy Total N P K
Irrigation intervals x weed management
Metribuzin 2.9 69.3 72.2 ),4Y AN Y,
2 weeks Hoeing 9.8 21.1 31.0 ), ¢ K VN1
\Weedy check 20.8 72.3 93.2 £,0Y b ek
Metribuzin 2.8 84.1 86.9 v, YA AR £,V
3 weeks Hoeing 3.0 27.4 30.4 Y, R ),04
\Weedy check 9.1 1155 124.7 0,V ¢ A V,0A
LSD (0.05) VLA Y, 11,0 v,en Y VY
Irrigation intervals x nitrogen forms
N1 8.7 58.4 67.2 Y,¥o o Y, vy
> weeks N2 11.1 58.2 69.4 Y,o¥ BANERAA
N3 13.2 51.4 64.7 Y,4A [ oYY [ YAY
N4 11.6 49.0 60.6 \BE DA RS
N1 5.6 70.8 76.4 YAy | oy £, 0A
2 weeks N2 6.0 85.3 91.3 £,01 LYY | en
N3 5.7 75.8 81.6 Y04 Y R
N4 2.5 70.8 73.3 Y,v4 EN AN
LSD (0.05) 0,¢ VLY VoA GEN [ [ oA
\Weed management x nitrogen forms
N1 3.6 80.2 83.8 v,.0 S| YAV
Metribuzin N2 44 858 90.2 AELCHN BRTAR I N RN
N3 3.3 66.7 70.0 Y,V Y | YE
N4 0.0 74.2 74.2 ), 81 e [ oyey
N1 8.4 21.8 30.2 Vo0 8 ALY
Hoeing N2 5.5 18.9 245 Vo0 ¥ GV YA
N3 6.0 41.8 47.9 ),4Y BANERAE
N4 5.6 14.6 20.2 KR YRR
N1 9.5 91.8 101.4 3 YA [ vy
N2 15.7 110.6 126.3 °,0) GEE | VYo
Weedy check g3 190 | 823 | 1014 | €96 | 7 | v
N4 15.6 90.9 106.6 61 EL | Y)Y
LSD (0.05) 1Y \Y,0 [KaKd YN Y VY
N1: Ammonium sulfate, N2: Ammonium nitrate, N3: Urea, N4: Calcium nitrate

II-Maize:

Chlorophyll a leaf content yield and yield attributes of maize have been
estimated wunder different treatments of irrigation intervals, weed
management, nitrogen forms and their interactions as shown in Tables 4, 5
and 6.
1-Effect of irrigation intervals:

Irrigation intervals had a significant effect on chlorophyll a content, yield
and yield attributes of maize (Table 4). In this connection, irrigation every 2
weeks increased significantly chlorophyll a content, plant height, ear length,
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ear diameter, number of rows/ear, number of kernels/row, 100-kernel weight,
ear yield and grain yield/fed as compared to irrigation every 3 weeks. The
increments in the previous characters exceeding irrigation every 3 weeks
were 11.5, 12.1, 7.2, 5.6, 1.6, 8.5, 7.3, 24.1, 25.1 %, respectively. Maize is
sensitive for the moisture lack (Mahfouz, 2003 and Abdel-Maksoud et al.,
2008). So, sufficient water by irrigation every 2 weeks may helped the plant to
absorb greater amount of water and nutrients enhancing internodes
elongation since nutrients encourage cell division and enlargement and
meristemic activity. Besides, the beneficial effect of water for improving
pigments and photosynthetic process and accumulation of metabolites led to
an increase in yield and its components. These results are in harmony with
those obtained by Ibrahim et al. (1992), Atta-Allah (1996) and Abdel-Maksoud
et al. (2008).

Table 3: Effect of the second order interaction among irrigation
intervals, weed management and nitrogen forms on maize
weed dry weight and nutrients uptake by weeds.

. . o |Nutrients uptake by
Treatment Trait Weed dry weight (g m2) total weeds (g m?)
Broadleaf| Grassy| Total N P K

N1 4.0 69.2 73.2 YOA | 0T ] Y, Y
Metribuzin N2 3.2 4.7 e AEMAS ELERRI B Chs
N3 4.4 68.5 72.9 Y,0 | oYY | Y,
N4 0.0 64.9 64.9 VLYY | Y | ),A8
I N1 10.5 27.3 37.9 Vore | eV | ), YY
o Hoeing N2 8.9 15.8 24.7 VLYV [ A YT
B3 N3 8.6 27.8 36.5 Y00 | Y | OY,YY
N N4 11.3 13.6 24.9 1.20 | 0.09 | 1.82
N1 11.5 78.7 90.3 3.87 | 0.25 | 6.35

Weedy N2 21.2 84.2 105.5 4.47 | 0.36 | 5.43
check N3 26.7 57.8 84.7 4,38 | 0.35 | 5.81

N4 23.6 68.5 92.2 3.78 | 0.66 | 6.56

N1 3.1 91.2 94.3 3.92 | 0.18 | 5.31

Metribuzin N2 5.7 96.8 102.5 4.96 | 0.40 | 5.40

N3 2.3 64.8 67.1 3.03 | 0.21 | 3.72

N4 0.0 83.5 83.5 1.60 | 0.18 | 2.25

I N1 6.2 16.2 22.5 1.09 | 0.08 | 1.32
o Hoeing N2 2.2 22.0 24.2 0.67 | >+ | A
= N3 3.5 55.8 59.4 1.74 | -V | ¥\
™ N4 0.0 15.5 15.5 0.73 | «»*Y | ),8
N1 7.5 104.9 112.5 438 | V¢ | V).

Weedy N2 10.1 137.0 147.2 6.54 | +,°oY | 9,YA
check N3 11.3 106.9 118.2 4,79 | YV | 1,V¢
N4 7.7 113.3 121.0 B ERARRAS
LSD (0.05) 9.4 17.7 18.7 GAY LY ,e8

N1: Ammonium sulfate, N2: Ammonium nitrate, N3: Urea, N4: Calcium nitrate
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Table 4: Effect of irrigation intervals, weed management and nitrogen
forms on Chlorophyll a content of maize leaf, yield and yield

components.
Trait Chlorophyll a| Plant Ear traits 100- (to\r:l?elzg 1
contenf. height Length [Diameter| Rows |[Kernels kernel . .
Treatmen (mg m™) (cm) em) | (cm) ‘ No. ‘No.rowl wt.(9) | Ear | Grain
Irrigation intervals
2 weeks 624.9 230.9 | 18.63 | 4.69 13.35 | 44.6 27.9 3.76 | 3.24
3 weeks 560.5 206.0 | 17.38 | 444 |13.14 | 411 26.0 3.03 | 2.59

LSD (0.05) 20.8 15.7 | 0.48 | 0.06 0.17 2.7 0.7 0.25 | 0.17
Weed management

Metribuzin 601.4 |2223|17.88| 4.56 | 13.12 | 42.7 27.0 | 3.54 | 3.06
Hoeing 593.9 |227.7]18.42| 4.60 | 13.58 | 43.6 275 | 3.62 | 3.10
eedy check 582.8 |205.3|17.70 | 4.54 | 13.02 | 42.2 26.4 | 3.03 | 2.59

LSD (0.05) 125 11.6 | 0.47 NS 0.31 1.0 0.6 0.21 | 0.16
Nitrogen forms

Ammonium 596.8 |218.1|17.63| 4.60 | 13.19 | 42.0 | 272 | 3.35 | 2.81
sulfate
/r;?gt‘g”'“m 601.1 |221.0|18.11| 459 | 1351 | 426 | 27.3 | 351 | 3.02

Urea 597.4 |219.8|18.12| 453 | 13.24 | 43.4 26.0 | 3.39 | 2.87
Calcium nitrate 575.5 2149 18.15| 455 | 13.03 | 43.4 27.2 3.32 | 2.97
LSD (0.05) 14.2 NS NS NS 0.23 NS 0.8 NS 0.17

2-Effect of weed management:

According to results in Table 4, chlorophyll a, yield and yield components
of maize were significantly affected by weed management treatments, except
ear diameter. Herein, hoeing twice was superior treatment for increasing ear
length and number of rows/ear, Moreover, hoeing and metribuzin treatments
were statistically leveled for improving each of chlorophyll a, plant height,
number of kernels/row, 100-kernel weight, ear yield and grain yield /fed. Such
enhancements due to weeded treatments might be attributed to their high
efficiency in elimination of weeds (Table 1) and consequently, decreased
their competitive with maize plants. In addition, the hoeing improves the soil
structure, aeration, water penetration and the availability of some nutrients.
These results are in good agreement with those reported by (EL-Metwally et
al. (2001); Sharara et al. (2005) and Ahmed et al. (2008).
3-Effect of nitrogen forms:

Results in Table 4 reveal that nitrogen forms had marked effects on
chlorophyll a, number of rows/ear, 100-kernel weight and grain yield/fed. It is
obvious that addition of nitrogen in the form of ammonium nitrate produced
the highest values of the aforementioned traits. Contrarily, calcium nitrate (for
chlorophyll a and number of rows/ear), urea (for 100-kernel weight) and
ammonium sulfate (for grain yield/fed) gave the lowest values. Lewis et al.
(1982) reported that the assimilatory activities for NHa* in roots plus NOs in
leaves appear to be greater for the NHs* + NOs  treatments together than
each of NHs* or NOs- alone. Gentry and Below (1993) found that maize plants
provided with NH4* and NOs  gave higher dry matter and grain yield than
plants received NOs only. Also, ammonium nitrate possessed the highest
value of maize grain yield as compared to calcium nitrate (Hammam, 1995)
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and ammonium sulfate and urea (Abd EL-Hameed, 2005). Herein, suitable N
form which favor maize crop is also necessary for weeds as mentioned
before (Table 1), so it is important to emphasize that the placement of N
fertilizer neighboring maize plant is significance.

4-Interaction effect:

Chlorophyll a content of maize leaf, yield and its attributes were
substantially responded to all types of interactions among the three studied
factors (Tables 5 and 6), except ear diameter with the interaction between
weed management X nitrogen forms.

Table 5: Effect of the first order interactions between irrigation intervals,
weed management and nitrogen forms on Chlorophyll a
content of maize leaf, yield and yield components.

Trait Chlorophyll a Pl_ant i Ear traits 100- |Yield (ton fed)
Treatment content height |Length |Diameter| Rows | Kernels | kernel Ear | Grain
(mg m+) (cm) [ (cm) (cm) No. | No.row?|wt. (g)
Irrigation intervals x weed management
Metribuzin | 635.9 |234.5|18.68| 4.70 |13.36| 45.4 28.3 | 4.10 | 3.53
b weeks vvoee;gg 6219 [241.9)18.82| 4.73 [13.70 33; 28.0 | 3.85 | 3.29
check 616.8 |216.2|18.39| 4.65 |12.98 ' 275 | 333 | 291
Metribuzin | 566.8 |210.1|17.08| 4.42 |12.89| 40.1 25.7 | 3.98 | 2.58
Hoeing 565.8 [213.5]|18.03| 4.47 |13.46| 43.1 27.0 | 3.38 | 2.92
3WeeksWeedy 40.1
check 548.7 [194.4|17.02| 4.44 |13.06 254 | 2.72 | 2.27
LSD (0.05) 17.7 16.5 | 0.67 0.13 0.45 15 0.9 | 0.30 | 0.23
Irrigation intervals x nitrogen forms
N1 630.1 [228.9]|18.20| 4.72 |13.15| 43.2 28.6 | 3.64 | 3.07
2 weeks N2 624.1 |237.4]118.46| 4.71 |13.65| 43.5 28,5 | 3.84 | 3.32
N3 6229 |[231.4]|18.78| 4.62 |13.28| 45.7 26.9 | 3.68 | 3.08
N4 622.4 |225.7]119.08| 4.71 |13.30| 45.9 27.8 | 3.88 | 3.49
N1 563.4 |[207.3|17.06| 4.47 [13.23| 40.7 25.9 | 3.05 | 2.55
3 weeks N2 578.0 [204.6|17.76 | 4.47 |13.36| 41.7 26.1 | 319 | 2.72
N3 571.8 [208.1]|17.47| 445 [13.19| 41.1 25.1 | 3.10 | 2.65
N4 528.6 [204.1]|17.22| 439 [12.76| 40.9 26.9 | 2.77 | 245
LSD (0.05) 20.2 12.2 | 0.63 0.09 0.33 1.8 1.2 | 0.26 | 0.24
\Weed management x nitrogen forms
N1 606.7 [2245]17.91| 4.60 |13.23| 43.0 274 | 349 | 2.86
Metribuzin N2 590.8 [222.3]|18.22| 4.63 |13.46| 42.8 278 | 3.74 | 3.26
N3 613.7 |[223.7]|17.87| 455 |13.31| 433 255 | 359 | 3.14
N4 594.4 |[218.7|17.52| 4.46 |1250| 41.8 274 | 3.33 | 2.95
N1 614.9 |[226.2]|18.31| 4.60 |13.43| 43.9 28.2 | 3.89 | 3.28
Hoeing N2 596.8 |[225.3|18.60| 4.62 |13.66| 43.2 27.2 | 3.66 | 3.21
N3 575.3 [231.9]|18.34| 454 |1352| 434 26.7 | 348 | 2.86
N4 588.5 |[227.3]|18.45| 4.65 |13.70| 43.9 28.0 | 3.43 | 3.06
N1 568.7 [203.5]|16.65| 4.59 [1291| 39.0 26.2 | 2.65 | 2.28
Weedy |[N2 615.6 |[215.3|17.52| 4.53 |13.40| 41.7 26.9 | 3.15 | 2.60
check N3 603.2 |[203.7]18.16| 4.51 |12.88| 43.6 25.9 | 3.09 | 2.59
N4 543.6 [198.7|18.48| 455 |12.90| 444 26.7 | 3.22 | 2.89
LSD (0.05) 24.7 149 | 0.77 NS 0.41 2.3 14 | 0.32 ] 0.29
N1: Ammonium sulfate, N2: Ammonium nitrate, N3: Urea, N4: Calcium nitrate

a-Irrigation intervals x weed management:
Results indicate that irrigation every 2 weeks with pre-emergence
application of metribuzin gave the highest chlorophyll a content, number of
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kernels/row, 100-kernel weight, ear yield and grain yield/fed. Also, irrigation
every 2 weeks with hoeing twice produced the highest values of plant height,
ear length, ear diameter and number of rows/ear (Table 5).

b-Irrigation intervals x nitrogen forms:

Results in Table 5 clearly show that irrigation every 2 weeks with
application of ammonium sulfate produced the maximum values of
chlorophyll a, ear diameter and 100-kernel weight. While, irrigation every 2
weeks with ammonium nitrate gave the maximum values of plant height and
number of rows/ear. Using calcium nitrate with irrigation every 2 weeks
achieved the highest values of ear length, number of kernels/row, ear yield
and grain yield/fed.

Table 6: Effect of the second order interaction among irrigation
intervals, weed management and nitrogen forms on
Chlorophyll a content of maize leaf, yield and yield

components.
Trait Chlorophyll a| Plant Ear traits 100- |Yield (ton fed-1)
content height |Length | Diameter| Rows | Kernels | kernel .
Treatment (mg m+1) (cm) (cm) (cm) No. | No.row?|wt. (g) Ear Grain

N1 624.2 236.3| 18.41| 4.71 | 13.20| 445 29.2 | 3.84 | 3.07
2 615.4 | 234.5| 18.86| 4.78 | 14.00| 45.7 29.2 | 434 | 3.78
3 649.7 | 234.0] 18.53| 4.66 | 13.36| 45.6 25.6 | 4.08 | 3.58
N4 654.4 | 233.3| 18.91| 4.65 | 12.90| 45.7 29.3 | 4.13 | 3.69
N1 636.3 236.1| 18.30| 4.75 | 13.46| 43.0 28.1 | 3.92 | 3.40
N2 616.9 | 246.6] 18.91| 4.71 | 13.80| 43.1 29.0 | 3.76 | 3.26
N3 625.5 | 253.8| 18.93| 4.61 | 13.43| 45.3 27.1| 3.70 | 2.89
N4 609.0 231.0| 19.13| 4.85 | 14.10| 45.1 27.9 | 4.02 | 3.60
N1 629.8 | 214.5| 17.88| 4.71 | 12.80| 42.2 28.4 | 3.16 | 2.74
Weedy N2 640.0 231.2| 17.61| 4.65 | 13.16| 41.8 27.3 | 3.42 | 2.94
check N3 593.6 | 206.5| 18.88| 4.58 | 13.06| 46.3 28.0 | 3.25| 2.78
N4 603.9 212.7| 19.20| 4.65 | 12.90| 46.8 26.3 | 3.49 | 3.18
N1 589.2 212.8| 17.41| 4.50 | 13.26| 41.6 25,6 | 3.15 | 2.66
N2 566.1 | 210.2| 17.58| 4.48 | 12.93| 39.9 26.3 | 3.14 | 2.75
N3 577.6 2135 17.21| 4.43 | 13.26| 41.0 254 | 3.11 | 2.71
N4 534.4 | 204.0| 16.13| 4.28 | 12.10| 37.8 255 | 253 | 2.22
N1 593.5 216.4| 18.33| 4.45 | 13.40| 44.9 28.2 | 3.87 | 3.16
N2 576.7 204.1| 18.28| 4.53 | 13.53| 43.4 25.4 | 3.56 | 3.17
N3 525.0 | 210.0| 17.75| 4.46 | 13.61| 41.4 | 26.2 | 3.26 | 2.83
N4 568.1 2235| 17.78| 4.45 | 13.30| 427 28.1 | 2.84 | 253
N1 507.6 192.6| 15.43| 4.46 | 13.03| 35.7 240 | 2.14 | 1.82
Weedy N2 591.2 199.5| 17.43| 4.41 | 13.63| 41.7 26.5| 2.88 | 2.25
check N3 612.7 | 200.8| 17.45| 4.45 | 12.70| 40.8 23.9| 293 | 241
N4 483.4 184.8| 17.76| 4.45 | 12.90| 42.1 27.1 | 294 | 2.60
LSD (0.05) 34.9 21.1 | 1.09 0.17 | 0.58 3.2 2.0 | 0.46 | 0.42
N1: Ammonium sulfate, N2: Ammonium nitrate, N3: Urea, N4: Calcium nitrate

.. IN
Metribuzin
N

Hoeing

2 weeks

Metribuzin

Hoeing

3 weeks

c-Nitrogen forms x weed management:

Available data in Table 5 illustrate that weedy check with either
ammonium nitrate (for chlorophyll a) or calcium nitrate (for number of
kernels/row) produced the maximum values. Maize plants hoed twice
possessed the highest increases for plant height (with urea), ear length (with
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ammonium nitrate), number of rows/ear (with calcium nitrate) as well as 100-
kernel, ear yield and grain yield/fed (with ammonium sulfate).
d-Irrigation intervals x weed management x nitrogen forms:

The second order interaction among the three tested factors clearly
showed the beneficial effects of weed management and nitrogen forms on
chlorophyll a, yield and yield attributes under shortening irrigation interval
(Table 6). Plots irrigated every 2 weeks secured the highest values of
chlorophyll a and 100-kernel (with metribuzin x calcium nitrate); plant height
(with hoeing x urea); ear length and number of kernels/row (with weedy check
X calcium nitrate); ear diameter and number of rows/ear (with hoeing x
calcium nitrate) as well as ear and grain yields/fed (with metribuzin x
ammonium nitrate).

IlI-Maize grains chemical composition:

Considerable effects of irrigation intervals on grain P content and protein
yield/fed as well as weed management on grain N content, protein % and
protein yield/fed were obtained in Table 7. In this respect, irrigation every 2
weeks and hoeing twice recorded the highest values of such traits,
respectively. Shortening irrigation interval increased protein yield of maize
(Ashoub et al., 1998). Weeded treatments showed enhancements in protein
% and N uptake for maize (Sinha et al.,, 2005 and Ahmed et al., 2008).
Moreover, nitrogen forms had no significant effect on all grain chemical
composition traits.

Table 7: Effect of irrigation intervals, weed management and nitrogen
forms on grain nutrients and protein % and protein yield of

maize.
Trait Grain nutrients % Protein

Treatment N [ P ] K % [ Yield (kg/fed)
Irrigation intervals
2 weeks 1.27 0.17 0.27 7.95 258.4
3 weeks 1.13 0.13 0.28 7.05 184.7

LSD (0.05) NS 0.01 NS NS 27.2

eed management

Metribuzin 1.19 0.11 0.24 7.43 228.6
Hoeing 1.33 0.15 0.29 8.31 258.1
\Weedy check 1.08 0.18 0.29 6.76 177.8

LSD (0.05) 0.14 NS NS 0.89 28.9
Nitrogen forms
IAmmonium sulfate 1.30 0.18 0.31 8.15 235.8
IAmmonium nitrate 1.16 0.14 0.26 7.26 225.3
Urea 1.17 0.14 0.26 7.31 210.1
Calcium nitrate 1.16 0.13 0.28 7.27 215.0

LSD (0.05) NS NS NS NS NS

With the exception of irrigation intervals x weed management(for P and K
contains)all maize grain chemical composition criteria were markedly affected
by the first order interactions (Table 8) and the second order one (Table 9)
among irrigation intervals, weed management and nitrogen forms.
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In plots irrigated every 2 weeks, hoeing twice (for grain N content and
protein %) as well as metribuzin (for protein yield/fed) produced the maximum
values (Table 8).

Irrigation every 2 weeks with adding ammonium sulfate recorded the
highest values of all studied traits of grain chemical composition (Table 8).

Hoeing x ammonium sulfate was the more efficient interaction for
enhancing grain N content, protein % and protein yield/fed. While, weedy
check x urea and metribuzin x ammonium sulfate gave the maximum grain P
and K contents, respectively (Table 8).

Table 8: Effect of the first order interactions between irrigation intervals,
weed management and nitrogen forms on grain nutrients and
protein % and protein yield of maize.

Trait Grain nutrients % Protein
[Treatment N P K % Yield (kg/fed)
Irrigation intervals x weed management
Metribuzin \,Yo R oY) V,A¢ Yvi,4
2 weeks |Hoeing \,ve oYY A ATV YVo,)
Weedy check \,YY oY) oY v,y YYY,
Metribuzin VY Y oYY VoY VALY
3 weeks |Hoeing \BA BE XYY ALY YY)
\Weedy check A4 o BEE) o,AA VYY1
LSD (0.05) Y NS NS 1.26 40.9
Irrigation intervals x nitrogen forms
N1 \,¢0 BRE oY q,.0 YAY
2 weeks N2 V¥ GV E LYY AN YVo,.
N3 Y,V ¢ Y3 oY VY Y14,)
N4 AR e YA v, ¢0 YoVv,A
N1 Y01 ) LYY VY1 [
N2 V0¥ Y EE) LYY YVo,1
3 weeks N3 Y, o LYY V,0u Yo,
N4 VY Y YA v, 4 VY, Y
LSD (0.05) oYY Y Y VY oy, ¢
\Weed management x nitrogen forms
YN YV, Ve R LYY VYA Y.V,Y
. . IN2 VL7 00 BEK) ALY YVE,A
Metribuzin N3 V,0A et BEE] 1,vA YV,
N4 VY Y3 LYY V,o¢ YA, €
N1 Y,y Y oY () TYY,4
. 2 VY Y LYY v, Yo YY,Y
Hoeing N3 y,¥a R AL AV YEA,Y
N4 VY Y YA v, 0 YAY,Y
N1 V)¢ ARY YA v,\e RN
Weedy N2 .,49 A oYY LYY Vg ¢
check N3 VY oY YA 1,68 Y1Y,4
N4 \,00 Ve oY V,Y Y YyY,Y
LSD (0.05) oYY K K Y, 0 w0t
N1: Ammonium sulfate, N2: Ammonium nitrate, N3: Urea, N4: Calcium nitrate

Concerning the second order interaction, i.e. irrigation intervals, weed
management and nitrogen forms, irrigation every 2 weeks x hoeing twice x
ammonium sulfate achieved the maximum grain N and P contents, protein %
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and protein yield/fed. Moreover, irrigation every 3 weeks x weedy check x
ammonium nitrate showed the highest grain K content value (Table 9).

Eventually, it could be concluded that applying irrigation every 2 weeks
and pre-emergence application metribuzin for maize plants fertilized with
ammonium nitrate was the best combination for enhancing yield and its
attributes.

Table 9: Effect of the second order interaction among irrigation
intervals, weed management and nitrogen forms on grain
nutrients and protein % and protein yield of maize.

Trait] Grain nutrients % Protein
[Treatment N P K % Yield (kg/fed)
N1 1.30 0.24 0.32 8.12 249.2
Metribuzin N2 1.52 0.09 0.21 9.50 359.1
N3 1.09 0.04 0.17 6.81 243.7
N4 1.11 0.06 0.17 6.93 255.8
o N1 1.80 0.28 0.36 11.2 382.8
¢ Hoeing N2 1.27 0.21 0.27 7.93 258.5
= N3 1.25 0.13 0.23 7.80 225.5
N N4 1.04 0.22 0.37 6.49 233.7
N1 1.24 0.27 0.35 7.77 212.9
Weedy N2 1.13 0.14 0.22 7.06 207.5
check N3 1.08 0.25 0.32 6.77 188.3
N4 1.43 0.17 0.32 8.93 283.9
N1 1.00 0.19 0.35 6.25 166.2
Metribuzin N2 1.11 0.02 0.17 6.93 190.5
N3 1.08 0.05 0.22 6.77 183.5
N4 1.30 0.22 0.37 8.15 181.0
o N1 1.44 0.06 0.27 9.02 285.1
[) . N2 1.08 0.13 0.28 6.78 214.9
o |Hoeing
= N3 1.54 0.18 0.36 9.61 272.0
™ N4 1.22 0.04 0.19 7.62 192.7
N1 1.04 0.06 0.21 6.52 118.7
Weedy N2 0.86 0.25 0.42 5.40 121.4
check N3 0.98 0.22 0.25 6.12 147.4
N4 0.88 0.12 0.28 5.49 142.8
LSD (0.05) 0.46 0.13 0.13 2.90 92.4
N1: Ammonium sulfate, N2: Ammonium nitrate, N3: Urea, N4: Calcium nitrate
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