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ABSTRACT. This research dealt with the grain yield, its components and
ear Characters of hybrid corn cultivar (AGA215) under the influence
of three different irrigation treatments and four nitrogen rates (urea).
The considered grain yield characters included grain yield kg/ha,
weight of 1000 grains, grain protein content, shelling percentage and
harvest index, while the ear characters were ear length, diameter, and
volume, number of rows per ear, number of grains per ear, number of
grains per row and weight of grains and cob per ear. The field experi-
ments were conducted at the Agricultural Research Station of King
Abdulaziz University at Hada Al-Sham area during two successive
sowing dates (Autumn 1994 and Spring 1995). A split-plot design
was used where three irrigation treatments were the main treatments
and the sub treatments were 4 N-fertilizer levels. The depletion ratio
method was followed to estimate the amount of irrigation water and
the corresponding irrigation frequencies for each irrigation treatment.
Three depletion ratios (50%, 25% and 10%) were applied, and des-
ignated as IR1, IR2, IR3 respectively. As regards nitrogen (urea) treat-
ments, four rates were used (0, 100, 200 and 300 kg/ha) and denoted
as N0, N1, N2 and N3, respectively. The total applied irrigation water
was the same for the three irrigation treatments and was equal to 9015
m3/ha for autumn sowing date, and 8210 m3/ha for spring sowing
date, where only the irrigation frequency and application water for
each irrigation were the varying parameters in the treatment. 

The results showed that the first sowing date (autumn) gave higher
grain yield number of grains per row, weight of grains per ear, and
weight of cob per ear, one thousand grain weight, protein content of
grain, shelling percentage and harvest index, than the second sowing
date (spring). The irrigation treatments significantly affected grain
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yield variables, where irrigation treatment No. IR3 (10%) had higher
values for grain yield, and ear length. Also, the nitrogen treatments
significantly affected some grain yield variables; where treatment No.
N3 (200 kgN/ha) gave higher values of grain yield, ear length and vol-
ume, number of grains per ear, and weight of grains per ear. However,
the N4 treatment (300 kgN/ha) gave higher values of number of
grains/row, weight of cob and protein content of grain. 

1.  Introduction

The corn crop is considered as one of the strategic crops over the Kingdom of
Saudi Arabia in which the statistics pointed out that corn and sorghum imports
of the Kingdom reached 99,589.2 tons in 1990. While it was 441 tons in 1984.
This indicates that there is an increase in corn consumption occurred in the
Kingdom to meet the requirements of animal production. Moreover, the total
number of alive animals imported in 2000 was 17324, that included cattle,
sheep, goats and poultry (Ministry of Agriculture, 2002). Moreover, the pro-
duction of corn in the Kingdom increased during the last decade, in which the
production was 3,700 tons in 1988, while it reached 5,800 tons in 2000. The in-
crease in the corn planted area was 2,050 ha in 1988, where it reached 3,333 ha
in 2000 (Ministry of Agriculture, 2002).

Water is considered one of the effective factors that affect the chemical fer-
tilization (such as nitrogen) and, consequently, corn productivity researchers
were interested in studying the effect of nitrogen fertilization with various water
requirements. In experiments, conducted by Boquet et al. (1985), when nitrogen
rates were applied as liquid fertilizer, results showed that N application in-
creased ear and grain numbers and specific grain weight, but irrigation in-
creased ear number and height, plant height, specific grain weight, but, sig-
nificantly, reduced grain number/ear. Boquet et al. (1989) studied the effect of
nitrogen rates on grain yield and its components. They found that the increasing
N rate increased grain yield, number of ears, number of grains/ear and grain
weight. While, Pirani and Agostinelli (1989) found that maize grain yield was
not significantly affected by rates of 0.0 and 230 kg N/ha. Russel (1984) and
Milam and Hickingbottom (1986) reported that corn plant height was not af-
fected by nitrogen applications up to 300 kg N/ha. Turget (2000) found that N
rates were statistically significant in corn ear height, ear diameter, fresh ear
weight, number of ears per plant, fresh ear yield and seed number per ear. Also
Sanjeev et al. (1997) obtained significant increase in number of grains/ear, 100-
seed weight, grain weight/ear up to 180 kgN/ha and grain yield/plant up to 240
kgN/ha. Boquet et al., (1986) mentioned that the increasing water irrigation
caused decreasing grain protein content. The optimum nitrogen rate was 89 kg/
ha with irrigation and 133 kg N/ha without irrigation. Efimov and Naumenko
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(1980) reported that grain protein content increased with increasing nitrogen
rates up to 90 kg N/ha with irrigation water.

Moreover, the application water rates and fertilization levels are important for
the corn yield production, in which the water availability and fertilization costs
in the Kingdom of Saudi Arabia have great influence on the planning of corn
planting and the projects of animal production. 

The objective of this study was to estimate the optimum irrigation treatment
and nitrogen fertilization levels to produce the maximum grain yield and ear
characteristics of corn.

2.  Materials and Methods

Two field experiments were conducted at the Research Station of King Ab-
dulaziz University in Hada El-Sham, which is located at 120 km North-East of
Jeddah, during the period from 14/10/1994 to 6/6/1995. Two factors were in-
vestigated to estimate the optimum grain yield and ear characteristics of corn.
These factors were, three irrigation regimes (IR1, IR2 and IR3) and four levels
of nitrogen fertilization (N0, N1, N2 and N3). The experiment was laid out in
split plot design with three replications. Three irrigation regimes were con-
sidered as main plot and four nitrogen treatments as sub-plot. Data was com-
bined over two successive sowing dates. The two sowing dates of the two ex-
periments were 14/10/1994 (Autumn) and 16/2/1995 (Spring), respectively.
Land leveling processes were followed to minimize the water losses due to non-
uniformity of irrigation water, where good land leveling was made before cul-
tivation in each sowing date.

2.1  Environmental Conditions of the Experiments

2.1.1  Climatic Parameters

The different climatic parameters were recorded at the meteorological station
of Hada El-Sham as illustrated in Table (1). These data were used for cal-
culating the evapotranspiration rate for each season. Meanwhile, the different
data concerning the crop coefficients were collected from FAO report (1988).

2.1.2  Soil Analysis

Random samples were taken from the experimental area at four different sites
and two different layers i.e., 0 to 30 cm, and 30 to 60 cm layers, respectively.
Each sample was taken in undisturbed condition in steel cylindrical rings. Soil
texture was determined using the hydrometer method as described by Day
(1956) at 25ºC using Pyrophosphate as differential factor. The different physical
properties of soil samples at different depths were measured using the different
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experiments methodology as was described by Black et al. (1965). Meanwhile,
the bulk and particle densities and the soil porosity were measured using the
oven dry weight method as was described by Black et al. (1965). Data of soil
texture analysis are tabulated in Table (2).

TABLE 1. Monthly recorded temperature and humidity at the experimental site during the two
growing seasons.

Autumn 1994-1995 Spring 1995

Month Temperature (ºC) Humidity (%) Month Temperature (ºC) Humidity (%)

 Min.  Max. Mean Min.  Max Mean Min. Max. Mean Min. Max. Mean

   October 19.0 42.0 30.5  21   99 61.0   February 10.3 33.7 22.65 22 97 61.5  

   November 16.2 39.0 27.1  30   99 65.0   March 10.9 92.2 27.00 17 96 54.50

   December 11.0 34.9 24.1  27   98 59.0   April 13.8 44.5 30.15 20 92 54.6  

   January 15.0 35.5 25.3  27 100 62.0   May 16.3 46.6 33.7  19 92 48.9  

   February 10.3 33.7 22.50 22   97 61.5   June 22.8 51  36.05 22 92 48.4  

TABLE 2. Soil texture and physical properties of soil analysis.

Coarse Med. Fine Silt %
Uniformity Soil Bulk D Part D  

Soil depth sand sand sand clay % Error
coeff. tex. (gm/cm3)

Porosity
(gm/cm3) 

% % % %

  0.30 cm 5.7 42.8 43.8 7.8     0.1% 4.9 Sandy 1.64 0.369614 2.71

30-60 cm 6.6 41.6 47.2 4.2 � 0.4% 6.2 Sandy 1.69 0.254567 2.63

Soil pH and electrical conductivity (EC) were determined by mixing soil with
water by 1:1 weight-volume (W:V) ratio using glass rod. The total organic mat-
ter (O.M.) in the soil was determined using Walkeley and Black's method as de-
scribed by Jackson (1973). The soil nitrogen was estimated according to the
method of Bremner (1965). The soil nitrogen content was measured by Kjeletec
Auto 1030 analyzer. The total quantities of  phosphorous, potassium, calcium,
magnesium and sodium were determined after they were extracted by digestion
method with perchloric and nitric acids (Shelton and Harper, 1941). Phosphor-
ous content was determined at light wave length 640 manometer using Turner
spectro-photometer model 2000, whereas, potassium calcium, magnesium and
sodium concentrations were measured in the extraction using Perkin Elmer
5000 AAS. Methods of analysis for irrigation water were exactly the same as
those described for soil analysis. The data of water and soil chemical analysis
were tabulated in Tables (3) and (4).
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TABLE 3. Chemical analysis of irrigation water.

pH
Ec Na+ K+ Ca++ Mg+ Cl

�
SO4

� NO3
� HCO3

� CO3
=

ds�1 mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

7.40 1.58 164 24.6 160 41 246 221.6 123 246 0

TABLE 4. Chemical analysis of soil of experimental site.

Soil depth pH
EC O.M. N P K Ca Mg Na

ds�m % (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

  0-30 cm 7.89 1.61 0.5  0.32 0.129 2.5  3.6 6.3 16.8

30-60 cm 8.25 0.38 0.41 0.3  0.108 2.2  0.9 1.4    6.6

60-90 cm 8.17 0.39 0.41 0.28 0.40  2.0  1.5 5.      3.8  

2.2  Land Preparation and Cultural Practices

Experimental land was tilled in each season two perpendicular times using
moldboard plow at depth 25-30 cm. Soil was harrowed, with disk harrows, and
then leveled. The area was divided into 36 sub-plots, each was 5*5 m. Each
sub-plot was prepared to accommodate furrow irrigation system, where it was
divided into 6 ridges spaced at 75 cm (furrow dimension) with furrow height of
20 cm. Then, three corn grains of (AGA215 cultivar) were planted/hill at 30 cm
apart and after the complete emergence they were thinned to a single seedling/
hill. After sowing soil was fertilized with superphosphate (46% P2O5) at the
rate of 500 kg/ha potassium sulphate (50% K2O) was applied at the rate of 400
kg/ha. Both previous fertilizers were applied in single doses. After that, the ex-
perimental area received the scheduled irrigation program. The next irrigations
were applied according to the irrigation treatments (IR1, IR2, and IR3). A hand
weeding method was used to control weeds during the two sowing dates.

2.3  Practical Steps of the Two Trial Conditions

a.  Nitrogen Application

Each investigated nitrogen rate was applied as hand place under each plant at
three equal doses in 15 days intervals. First dose after 30 days from sowing, 2nd
dose after 45 days from sowing, and the last one 60 days from sowing. Four ni-
trogen treatments are followed (N0, N1, N2, N3) where they have 0, 100, 200,
and 300 kg/ha fertilizer levels, respectively.

b.  Irrigation Treatments

Different irrigation treatments were applied to study the effect of irrigation
treatments and Nitrogen rates on grain yield and ear Characters of maize during
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the two successive sowing date. The moisture depletion ratio method was fol-
lowed for designing the irrigation treatments. The method assumed a constant
rate of water losses by evapotranspiration at each irrigation period, while the
available water in soil is considered as the main factor for irrigation scheduling
design. Following this method, the total quantity of water for irrigation (over
the sowing date) was estimated and applied with different irrigation fre-
quencies. Each treatment was based on the allowable depletion ratio from the
total available soil moisture. This method was considered one of the best con-
trolled methods for irrigation scheduling, where the different levels of soil mois-
ture stress on crop yield could be illustrated (Jenson, 1983).

Three different depletion ratios were applied for irrigation scheduling pro-
cesses. These ratios were 50%, 25%, and 10% of the soil total available water,
represented as IR1, IR2, and IR3, respectively. The total available water for
plant over the soil-root depth was calculated by using the different properties of
soil-water. The crop water requirements during the two successive crop seasons
were calculated in monthly rate using FAO method which illustrated the growth
season as four different periods. The water losses during water application (sur-
face runoff and deep percolation) were considered for estimating the gross ir-
rigation water requirements, where the irrigation efficiency definition was ap-
plied.

The steps for calculating the water requirements and irrigation frequencies
can be described as follows:

where, TAW is the total available water (cm) in soil root depth dr (cm),  FC and
WP are the soil moisture content (weight basis) (gm/gm) at field capacity and
permanent wilting point, respectively, ρb is the bulk density of soil (gm/cm3),
ρw is the water density (gm/m3), and dr is the soil root depth (cm).

Assuming that the soil is homogenuous over the depth, the total allowable net
water depth  Dn (cm) as depletion water depth from soil root depth dr (cm) can
be calculated by using,

Dn = R * TAW (2)

where, R is the allowable depletion ratio, which was illustrated by 50%, 25%,
and 10% for the three irrigation treatments, IR1, IR2, and IR3, respectively.

Meanwhile, the gross irrigation water depth Dg (cm) and the irrigation fre-
quency, T, were calculated using the following expressions,

    
TAW

–
* *= FC WP

drb

w100
ρ
ρ

(1)
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where, η is the application efficiency of water on farm level, and ETc is the
evapotranspiration of crop (cm/day).

The different irrigation treatments, frequencies and irrigation water re-
quirements were described in Table (5) for the two seasons, respectively.

c.  Irrigation System and Network

The surface irrigation, furrow type, was applied at the experimental area as
one of the applied irrigation systems at the experimental station of King Ab-
dulaziz University at Hada Al-Sham. The experiment area was divided into thir-
ty six plots each of  5 × 5 m size. Twelve adjacent plots were considered as one
replication. Each replication has 3 irrigation and 4 nitrogen treatments. An un-
derground pipe network was conducted at the experimental area to achieve the
required water volume for each treatment basin. A two-inch PVC main pipe line
was diverted into secondary network. Each 4 basins were having one Division
Box (distributor) having 4 rectangular sharp weir to distribute an equal water
quantity for the same irrigation treatment. Moreover, discharge flow meter was
installed at the network inlet to measure the input flow and control the water ap-
plication process.

3.  Characters Studied

3.1  Weight of Grain Yield and Ear Characteristics 

At the end of the experiment, the yield of corn ear of each treatment was ad-
justed to yield of grain with 15.5% moisture in terms (kg/ha). The agronomic
characters under study were; yield of grain, total weight of 100 ear per plot, har-
vest index, and shelling percentage. Five ears from each plot were chosen ran-
domly and their mean length, diameter, and volume, number of grains/row,
number of grains/ear, number of rows/ear, mean weight of ear and its parts
(grain and cob), weight of 1000 grains. Statistical analysis was performed using
the MSTAT program.

3.2  Protein Analysis in Grains

The total nitrogen content of grains was determined according to Bremner
(1965) method, using Kjeletec Auto 1030 analyzer, where the total protein con-
tents in grains were determined by mutiplying of nitrogen contents by the con-
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version factor 6.25. The statistical analysis was done by using the SAS pro-
gram.

4.  Results and Discussions

4.1  Ear Characters 

Ear length, diameter and volume, number of rows per ear and number of
grains per ear weight of grains per ear were not significantly affected by sowing
dates. On the other hand, number of grains per row and  weight of cob per ear
were significantly affected by sowing dates. Ear characters were not affected by
irrigation treatments except ear length. Ear length and volume, number of grains
per row, weight of grains per ear, and weight of cob per ear (at P < = 0.01), and
number of grains per ear (at P < = 0.05) were significantly affected by nitrogen
treatments. Ear length, number of grains per ear (at P < = 0.05), number of
grains per row, and weight of cob per ear (at P < = 0.01), were significantly af-
fected by the interaction of sowing date with nitrogen rates. However, the num-
ber of grains per row was significantly (at P < = 0.01) affected by the inter-
action of irrigation treatment with nitrogen rate (Table 5). 

The mean values for the number of grains per row and weight of grains and
cob per ear in the second sowing date were significantly lower than those of the
first sowing date. Further, there were no significant differences among all ear
characters and irrigation treatments except ear length, where IR3 (10%) gave
higher values for ear length as shown in Tables (5) and (6).  

The nitrogen treatments had highly significant effect on most ear characters
(Table 5). The fact Table 6 indicates that the rate of 200 kgN/ha gave mean val-
ues of the measured variables, ear length, and volume, number of grains and
weight of grains per ear, than the other nitrogen levels. On the other hand, the
nitrogen rate 300 kgN/ha gave the highest values of number of grains per row
higher and of weight of cob per ear compared with the other nitrogen levels (Ta-
ble 6). Turget (2000) found that N rates were statistically significant in corn ear,
ear diameter, fresh ear weight, number of ear per plant, fresh ear yield and grain
number per ear. Bouquet et al. (1985), obtained an increase in corn ear length
when he applied nitrogen at the rate of 44 and 267 kgN/ha with high irrigation
water. The ear volume results in relation to nitrogen rates agreed with those of
Nimje and Seth (1988) who detected an increase in corn ear volume at the rate
of 120 kgN/ha. However, Kruczek (1983), found a decrease in corn ear volume
with the addition of nitrogen at a rate of 180 kgN/ha. Results on the number of
grains per ear as related to nitrogen rates agreed with those of Okuyama and Sil-
va (1983) who found that the nitrogen rate of 120 kgN/ha gave the optimum
grain number in corn ear. On the other hand, Ahmed et al. (1965) and Salem et
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al. (1982) did not find any significant difference in grain number of corn ear
due to different applied nitrogen rates. Boguet et al. (1989) found an increase in
the weight of grains per ear with nitrogen application up to 225 kgN/ha. Abdel-
Aziz et al. (1986) detected an increase in weight of grains per ear at a nitrogen
rate of 214 kgN/ha applied in two doses. While, Turget (2000) and Sanjeev et
al. (1997) detected an increase in grain weight per ear  up to 180 kgN/ha.

The interaction effect of sowing dates and nitrogen rates on corn cob weight
is shown in Fig. (1-a), where the first sowing date (autumn) dominated the sec-
ond one (spring), treatments and the nitrogen rate of 300 kg/ha dominated 200,
100, and 0 respectively in a decreasing order.

The interaction effect of sowing dates and nitrogen rates on number of grains
per ear is shown in Fig. (1-b), where number of grains per ear simultaneously
increased with the increase of nitrogen rates (0, 100, 200 and 300 kg/ha) and the
first sowing date (autumn) dominated the second date (spring)

The interaction effect of sowing date and nitrogen rates on corn ear length, is
shown in Fig. (1-c), where the first sowing date (autumn) dominated the second
date (spring) and nitrogen rate of 200 kg/ha dominated the others.

The interaction effect of sowing dates and nitrogen rates on number of grains
per row is shown in Fig. (1-d), where the first sowing (autumn) dominated sec-
ond date (spring), and the fourth nitrogen treatment 300 kg/ha dominated the
other rates (200, 100, and 0 kg/ha). 

The interaction effect of nitrogen treatments and irrigation regimes, on num-
ber of grains per row is shown in Fig. (2-a), where the number of grains per row
simultaneously increased with the increasing of both nitrogen rates (0, 100, 200
and 300 kgN/ha) and the irrigation rates (IR1, IR2 and IR3).

The interaction effect of sowing dates and irrigation regimes on ear length is
shown in Fig. (3). where the first sowing date (autumn) dominated the second
date (spring) and irrigation level IR3 (10%)  dominated the others.

4.2  Grain Yield and its Components

A.  Grain Yield

The treatments of sowing dates and irrigation regimes highly affected grain
yield (at P < = 0.01). However, the effect of nitrogen rates was significant on
such grain yield (at P < = 0.05). The effect of the interaction of irrigation and
nitrogen was not significant as shown in Table (5). The first sowing date (au-
tumn) significantly surpassed the second one (spring) and gave 6471.65 kg/ha,
Table (6) while the second sowing date gave only 3653.93 kg/ha. Reddy and
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FIG. 1. Effect of different nitrogen rates on a) Weight of cob, b) Number of grains/ear, c) Ear
length, and d) Number of grains/raw, during two different sowing dates of corn plant.
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FIG. 2. Effect of different irrigation and nitrogen treatments on a) Number of grains, and b) Pro-
tein content in grains of corn plant.
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FIG. 3. Effect of different irrigation on ear length during different sowing dates of corn plant.
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Patil (1982) reported the superiority of autumn results to spring when applying
120 kg/ha, while Berdnikov and Gul, Chuk (1987), found an increase of maize
yield during spring than that during autumn under the same nitrogen rate. Dif-
ferences in the environmental conditions of sowing date one  and two, in terms
of temperature (Mack et al., 1966), as shown in Table (1), and light intensity
(Leonard and Martin, 1963), might had contributed to the difference observed
for grain yield production.  

Grain yield significantly increased by increasing nitrogen application rates.
However, there were no significant differences between the two nitrogen rates,
N3 and N4 (200 and 300 kg/ha), which means that 200 kg/ha was adequate to
produce the highest grain yield of corn plant (Table 6). Sanjeev et al. (1997) ob-
tained significant increase in number of grains/ear, grain weight/ear and grain
yield/plant up to 240 kgN/ha. Russel (1984) found that the rate of 60 kg/ha was
sufficient to produce maximum grain yield of maize Vance (1987) and Frye and
Blevins (1989), found that the maize yield increased in parallel with the in-
crease of nitrogen rates from 0.0 to 100 kg N/ha. In contrast, Pirani and Agos-
tinelli (1989), found no significant difference in maize due to rates 0.0 and 230
kg N/ha rates.

Regarding the irrigation treatments effect on grain yield, the third irrigation
treatment (IR3 =1 0%) gave the highest grain yield (5566.87 kg/ha), followed
by IR2 = 25% (with 4909.71 kg/ha) and IR1 = 50% with 4711.80 kg/ha. How-
ever, there were no significant differences between the two, irrigation treat-
ments IR2 and IR1 as seen in Table (6). Panchanathan et al. (1987) detected a
significant effect of the interaction between irrigation treatments. Nitrogen rates
on yield of maize, where he applied 5330, 4490, 4290, ad 3510 m3/ha irrigation
water with nitrogen fertilization from 0 to 180 kgN/ha. But Stutler et al. (1981),
obtained the highest maize yield with 120 kgN/ha added at different irrigation
treatments. Filip and Petrovici (1982), also obtained the highest maize yield
with 120 KgN/ha added with 700 m3/ha water. Petrovici and Ailincai (1984),
got the highest maize yield when they added 180 KgN/ha with 1500 and 2100
m3 irrigation water/ha, while Throat and Ramtake (1988) got the highest yield
by adding 160 KgN/ha to 1500, 2100 m3/ha irrigation water.

B.  Yield Components

B.1  Weight of 1000 Grains

There was a highly significant effect of sowing dates and the weight of 1000
grains at the level (P < 0.01), while no significant differences were found be-
tween both irrigation treatments and nitrogen rates on the weight of 1000 grains
of maize plant, as shown in Tables (5) and (6). Autumn sowing date gave a sig-
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nificantly higher value (357.06 gm) than spring sowing date (249.76 gm) of 1000
grains weight. There were no significant differences among the four nitrogen
rates, concerning weight of 1000 grains, as shown in Table (6). In contrast, some
investigators found an increase of the 1000 grains weight under application of dif-
ferent nitrogen rates; namely Nimje and Seth (1988) and Okuyama and Silva
(1983), when added 120 kgN/ha and Boque et al. (1989), when 225 kgN/ha were
added Abdel-Aziz et al. (1986) detected an increase in the weight of 1000 grains
of maize by addition of 214 kgN/ha in two doses, and also Sanjeev et al.(1997).

B.2  Grain Protein Content

Grain protein content was significantly affected by all studied variables:
namely, sowing date (P < 0.01), nitrogen rates (P < 0.01) and irrigation treat-
ments (P < 0.05) beside the irrigation  treatments × nitrogen interaction rates
(P < 0.01), as shown in Table (5).

Grain protein content was significantly higher in autumn sowing date
(8.073%) than spring one (7.592%), as shown in Table (6). Isfan (1985), ob-
tained a similar result, where he detected an increase in grain protein content
during autumn compared to spring with nitrogen rates from zero to 150 kgN/ha.
On the other hand, Hane (1981) obtained a lesser grain nitrogen content in au-
tumn than spring when he added nitrogen from zero to 336 kgN/ha.

The nitrogen rate (300 kgN/ha) gave the highest grain protein content
(10.08%), followed by the nitrogen rates (200 kgN/ha) (7.4%), 100 kgN/ha
(7.32%) and 0 kgN/ha (6.53%) (Table 2). El-Baisary et al. (1980) and Singh et
al. (1986) obtained the highest grain protein content under the application of
144 kgN/ha nitrogen rate at different doses. 

As regards to the irrigation rates effect, the first irrigation (1R1 = 50%) re-
sulted in the highest grain nitrogen content (8.02%), followed by the second ir-
rigation (IR2 = 25%) with (7.79%) and the third irrigation (IR3 = 10%) which
gave the least grain nitrogen content (7.68%) although the differences were not
significant between IR1 and IR2 and IR3 as seen in Table (6). Boquet et al.
(1986) obtained a decrease in grain nitrogen content with an increase of irriga-
tion water, where the optimum nitrogen rate was 89 kgN/ha when it was added
with irrigation water, and 133 kgN/ha without irrigation. While, Efimov and
Ncumenlco (1980) found an increase of grain nitrogen content with an increase
in nitrogen application up to 90 kgN/ha with irrigation.

Figure (2-b) illustrates the interaction effects of irrigation treatment nitrogen
rates on grain protein content. It showed an increase of grain protein content
with an increase in nitrogen rates (from 0, 100, 200 and up to 300 kgN/ha) and
decrease of irrigation treatments (from IR1 = 50%, IR2 = 25% to IR3 = 10%).



Grain Yield and... 65

B.3  Shelling Percentage

The sowing dates significantly affected shelling percentage of corn (P <
0.01), as shown in Table (5). Autumn sowing date was significantly higher than
that of spring sowing, where the shelling percentages for the two sowing dates
were 0.36% and 0.3%, respectively. With regard to the irrigation treatments, ir-
rigation three (IR3 = 10%) gave the highest shelling percentage (61.04%), fol-
lowed by irrigation two (IR2 = 25%) with 57.85% and then irrigation one (IR1 =
50%) with 55.06%, also the differeces were not significant as shown in Tables
(5) and (6). While no such effect was noticed for the applied nitrogen rates.

B.4  Harvest Index

There was a significant effect of the sowing dates and the harvest index on
corn (P < 0.01), as shown in Table (5). Sowing date one (autumn) dominated
the (spring) date and gave 62%, while sowing date two gave 44.14% as harvest
index (Table 6). While, no such effect was noticed for applied nitrogen rates
and irrigation regimes ( Tables 5 and 6).
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W���Ë 5�Ëd��« s� »u�(« Èu��?�Ë W�� ±∞∞∞ Ê�ËË »u�(« �uB��
W?�Ë�b*« �uJ�«  U?H?$ X�U?� ULM?O� �UB?(« qO��Ë ©j?�dH?��«® w�U?B?��«
w� »u?�?(« �b?� , �uJ�« w� ·u?H?B�« �b?� , �uJ�« r�?�Ë dD�Ë �u�
bI�Ë �u� qJ� »u?�(«Ë W(uI�« Ê�ËË , n$ qJ� »u?�(« �b� , �uJ�«
e�eF�« b�� pK*« WF�U' WF�U��« WO�«�e�« Àu���« W��e0 »�U���« X�d�√
lO�� , Â±ππ¥ n�d?�® UL� 5O�U?��?� 5L?�u� �ö?� ÂUA�« Èb� W?IDM0
Íd�«  UO?L� d�bI?�� ·«e�M��ô« V�� W?I�d� X�b��?�« bI�Ë ©Â±ππµ
 ö?�U?F??� s� �b?�«Ë qJ� �d�UM*« Íd?�« �«dJ� s��Ë , XKL?F??�?�« w��«
%±∞ , %≤µ , %µ∞ w�Ë ·«eM�?�« V�� Àö� �U?L?F�?�« - b?�Ë Æ Íd�«
 ö?�U??F0 oKF??�� U??L?O?� U??�√ Æw�«u??��« vK� ©IR3 , IR2 , IR1® U?N?� e?��Ë
, ±∞∞ , d?H?$ w�  ôbF?� W?F��√ X�b?�?��« b?I?� ©U��u�® 5�Ëd?�?OM�«
Æw�«u��« vK� ©N3 , N2 , N1 , N0® UNO�≈ e?��Ë �U�J� Ø r�� ≥∞∞ , ≤∞∞
r�u� qJ� W�b���*« ÁUO*« WO?L� X�U� YO�� Íd�« W�Ëb� XLL$ bI�Ë
r�u??� Ø �U???�J� Ø ≥Â π∞±µ® w�Ë W???HK�???<« Íd�«  ö??�U???F* W???��U�
5O?�«�e�« s�b?�u?LK� ©lO�d�« r�u?� Ø�U?�J� Ø ≥Â ∏≤±∞® Ë ©n��d?)«
w� ÁUO*« Â«b���«  ôbF?�Ë Íd�« �«dJ�  «d�� X�U� ULMO� ,w�«u��« vK�
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�uJ�«  UH$Ë »u�?(« �uB; W��M�U� U�√ Æ Í� WK�U?F� q� w� WHK�<«
b?�u??� vK� ©n�d?)«® �Ë_« W??�«�e�« b?�u?� �u??H� ZzU?�M�« X�??{ËQ?�
»u�(« �b�Ë »u�(« ÃU?��≈ w� vK�_« ÊU� YO� ©lO�d�«® w�U��« W�«�e�«
Ê�ËË �uJ?�U� W???(u??I?�« Ê�ËË , �uJ�« w?� »u??�???(« Ê�ËË , nB?�« w�
qO��Ë ©j�d?H��«®w�UB?��« W�?��Ë W�(« w� 5?�Ëd��« Èu�?��Ë t?�� n�_«
ÃU��≈  «dOG?�� vK� Íd�«  ö�UF* ÍuMF� dO�Q� �UM� ÊU?� bI�Ë Æ �UB(«
»u�?(« ÃU��ù rO?� vK�Q� IR3 W?��U��« Íd?�« WK�UF?�  e?O9 UL?MO� »u�?(«
iF� vK� ÎU?�uMF?� 5�Ëd?�?O?M�«  ö?�U?F?�  d�√ p�c??�Ë Æ �uJ�« �u�Ë
Ør�� ≤∞∞® N3 5�Ëd�OM�« WK�UF� XD�√ YO� »u?�(« ÃU��≈  «dOG��
»u�?(« �b�Ë , �uJ�« r�?�Ë �u�Ë , »u�?(« ÃU��ù rO� vK?�√ ©�U�J�
Ør�� ≥∞∞® N4 r�� W�K�U?F*« U�« Æ �u?� qJ� »u�?(« Ê�ËË , �uJ�« w�
Ê�ËË , b??�«u�« nB?�« w� »u??�??(« �b??F� rO??� vK�√ X?D�Q??� ©�U??�J�

 Æ »u�(« w� 5�Ëd��« Èu���Ë W(uI�«




