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ABSTRACT. One field experiment was conducted at Hada Al-Sham Ex-
perimental Station, King Abdulaziz University, to study the effect of
three different rates of irrigation, based on depletion ratios of 50%,
25%, 10% (IR1, IR2, IR3) and four different rates of nitrogen fertiliza-
tion (urea), zero, 100, 200, 300 kg/ha (N0, N1, N2, N3) of hybrid corn
plant (AGA Seed 215 Cultivar). Total dry matter accumulation and its
parts (leaves, stems, ears, and tassels) as well as the nitrogen content in
different plant parts at different growth stages during two successive
sowing dates (autumn 1994 and spring 1995) were determined. The ir-
rigation scheduling processes were designed under constraint of equal
total seasonal applied water for different irrigation treatments, which
were 90.15 cm/sowing date one (9015 m3/ha/sowing date one) and 82.1
cm/sowing date two (8210 m3/ha/sowing date two) for two sowing
dates, respectively. The first sowing date outcome had a significantly
higher leaf area index and dry weight (ear, tassel and total), plant nitro-
gen percentage (stem, ear and total). However, the nitrogen percentage
of tassel was significantly higher in second sowing date . All plant var-
iables (dry matters) were higher under the fourth plant stage (matura-
tion) except tassel dry weights. The nitrogen treatment affected sig-
nificantly some growth variables, where the N3 treatment gave higher
values of  dry weight (3202.9 kg/ha for ear, 232.3 kg/ha for tassel and
6438.2 kg/ha for total), and nitrogen percentage (1.98 gm/kg for leaf,
and stem), while N2 treatment gave higher values of nitrogen content in
plant and its parts, (2.9 gm/kg for total, 2.84 gm/kg for leaf, 1.97 gm/kg
for stem, 1.67 gm/kg and 1.56 gm/kg for tassel). There was no sig-
nificant effect for the irrigation regimes or interaction treatments (nitro-
gen treatment and irrigation regimes) on all the studied plant variables. 
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1.  Introduction

The growth of plants is proportional to the amounts of water present. However,
the growth of plant is restricted both at very low and very high levels of soil
moisture.

The nitrogen is considered a movable element in soil. Thus increasing soil
water content up to the field capacity which would increase the nitrogen avail-
ability and movement in soil. This process would increase the total dry matter
production for most field crops. However, increasing the soil water content over
the field capacity will increase the leaching of nitrogen in soil.

Water is considered as a limited factor of production along with the chemical
fertilizer. Therefore, many workers studied the effect of different nitrogen ap-
plications in relation with various quantities of irrigation water on corn yield
parts and dry matter. El-Saidi et al. (1979) found that corn yield and its com-
ponents are significantly affected by nitrogen application up to 214 kg N/ha
with irrigation water 6848 m3/ha. Wordruff et al. (1984) studied the effects of
water table depth (0.35, 0.7 or 1 m) and nitrogen application with 0.0, 112, 224,
and 336 kg N/ha combinations on corn. They found a significant water table
depth × N rate interaction for ear yield but not for straw yield. The relationship
between N rate and ear yield was described by regression for each water table
depth except the 1 m depth, for this depth ear yield was not affected by N. The
N rate required for maximum ear yield was increased with decreasing water
table depth. Prasad et al. (1987) found that Leaf Area Index (LAI) increased
with increasing irrigation frequency and N rate. Nitrogen application increased
corn plant height, stem diameter, leaf area index and grain yield as well as some
of its components (Stivers et al., 1961; Bole and Frayman, 1975; El-Sharkawy
et al., 1976; Gagro, 1977; Kosware, 1977; Abdel-Rahman, 1978 and Ibrahim et
al., 1979). But Ahmed et al. (1965) and Salem et al. (1982) did not find any sig-
nificant effect of nitrogenous fertilizer on leaf area index, ear weight, number of
grains per ear and number of rows/ear. While, Krishnamurthy et al. (1974) and
Ellias et al. (1979) did not observe significant effect of the nitrogenous fertilizer
of application on plant height and leaf area index.

The optimum nitrogen rate has an effect on total dry matter weight. Overman
et al. (1994) found an increase in total dry matter (T.D.M.) of maize plant with
increase of nitrogen fertilization. Okuyama and Silva (1983) found that the ap-
plication of 120 kg N/ha increased dry weight, number of grains per ear and
1000-grain weight, similar results was found by Nimje and Seth, (1988). While
Mahmoud et al. (1980) mentioned that application of 178.5 kg N/ha increased
dry weight. Myers (1988), reported that economic rate of nitrogen fertilizer was
110 kg N/ha. Chung et al. (2000) said that composed plus an adequate amount
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of chemical N fertilizer could produce higher dry matter yield and N accumula-
tion in corn than the conventional chemical N fertilizer treatment. Maize dry
matter yield increased significantly with increasing level of N up to 120 mg N/
kg soil. Bhujbal and Souza (1992) obtained the highest total dry matter yield
and Phosphorus uptake by maize when they applied nitrophosphaste (26%
N+3.5% P2O5) to the soil.   

Stanchev and Ivanova (1985) mentioned that increasing irrigation rates with
nitrogenous fertilizers decreased nitrogen content of corn plant. Saad et al.
(1981) found that highest percent of nitrogen was obtained by applying 119 kg
N/ha. While, it was 120 kg N/ha by Gangwar and Kalra (1988). Moreover,
higher nitrogenous rates 224 kg N/ha increased plant Nitrogen content (Taber
and Cox (1983)). Shafshak et al. (1981) found that the highest percent of pro-
tein occurred at rate of 190 kg N/ha. The same findings were reported by El-
Hattab and Gheith (1984) at rate 214 kg N/ha.

Hane (1981) studied the effect of applied nitrogenous fertilizers 0.0-252 kg
N/ha at autumn and 0.0-33 kg/ha at spring on corn growth or yield and yield
components. He found that the nitrogen content of leaves, straw and grains were
lower when N was applied at autumn sowing date than at spring one. The rate
of nitrogen uptake was lower with increasing the rate of nitrogenous fertilizer.
But, Isfan (1985) reported that the nitrogen grains content was highest when ap-
plied at autumn sowing date. He added that the rate of nitrogen uptake increased
with increasing nitrogenous fertilizers at rates from 0.0 to 150 kg N/ha at au-
tumn sowing date and from 0.0 to 200 kg at spring one.

Still there is a lack of informations about the optimum rates and time of ap-
plication concerning the nitrogenous fertilizers and irrigation water required to
corn plants.

The objective of this study was to evaluate the effect of sowing dates, nitro-
gen fertilizations and irrigation regimes on nitrogen content and dry matter pro-
duction of different plant parts (leaf, stem, cob, tassel) at different stages of
plant growth.

2.  Materials and Methods

The field experiments were conducted at the Agricultural Research Station of
King Abdulaziz University at Hada Al-Sham area, during two successive sow-
ing dates (Autumn 1994-Spring 1995). The depletion ratio method was fol-
lowed to estimate the amount of irrigation water and the corresponding irriga-
tion frequencies for each irrigation treatment. Split Complete Randomized Plot
Design Method combined over two successive sowing dates with three replica-
tions, was followed as experiment design, where the main plot was the plant
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stages and the submain plot was the irrgation treatments, and sub-sub main plot
was nitrogen rate treatments. Four plant stages (Vegetative, Tasseling, Milky,
and Maturation) were considered as main plot, and three depletion ratios 50%,
25% and 10% (IR1, IR2, IR3) were applied as sub-main plot treatments. As re-
gards to nitrogen (urea) treatments, the applied four different rates 0, 100, 200
and 300 kg/ha, (N0, N1, N2 and N3) were considered as sub-sub main plot treat-
ments. Nitrogen was converted into urea (46% N) according to the amounts of
applied nitrogen in each treatment. 

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 report by FAO and
Ministry of Agriculture and Water (1988).

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 19.00 42.00 30.50 21.00   99.00 61.00   February 10.30 33.70 22.65 22.00 97.00 61.50

   November 16.20 39.00 27.10 30.00   99.00 65.00   March 10.90 92.20 27.00 17.00 96.00 54.50

   December 11.00 34.90 24.10 27.00   98.00 59.00   April 13.80 44.50 30.15 20.00 92.00 54.60

   January 15.00 35.50 25.30 27.00 100.00 62.00   May 16.30 46.60 33.70 19.00 92.00 48.90

   February 10.30 33.70 22.50 22.00   97.00 61.50   June 22.80 51.00 36.05 22.00 92.00 48.40

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
experiments methodology as was described by Black et al. (1965). Meanwhile,
the bulk and particle densities and the soil porosity were measured using the
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oven dry weight method as was described by Black et al. (1965). Data of soil
texture analysis and physical properties were tabulated in Table (2).

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

Silt &
Uniformity Soil Bulk D Part D.

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

Porosity %
(gm/cm3)

%

  0-30 cm 92.30 7.80    0.1% 4.90 Sandy 1.64 36 2.71

30-60 cm 95.40 4.20 � 0.4% 6.20 Sandy 1.69 25 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  phosphorus, potassium, calcium,
magnesium and sodium were determined after they were extracted by digestion
method with perchloric and nitric acids (Shelton and Harper, 1941). Phosphorus
content was determined at light wave length 640 manometer using Turner spec-
tro-photometer model 2000, whereas, potassium calcium, magnesium and
sodium concentrations were measured in the extraction using Perkin Elmer
5000 Atomic Absorption Spectrometer 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).

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 1.610 0.50 0.32 0.129 2.50 3.60 6.30 16.8

30-60 cm 8.25 0.380 0.41 0.30 0.108 2.20 0.90 1.40   6.60

60-90 cm 8.17 0.390 0.41 0.28 0.400 2.00 1.50 5.90   3.80
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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. Land was leveled, then it was harrowed
with disk harrows. The area of the experiment was 900 m2, and was divided into
36 plots each one has an area 25 m2 , where each replicate was having 12 plots.
Each 4 plots represent one irrigation treatment as sub-plot, where each plot rep-
resents nitrogen treatment as sub-sub plot. The furrow irrigation system was ap-
plied, where each plot was divided into 6 rows spaced at 75 cm with 20 cm row
height, as furrow dimension. Then, 3 seeds of corn (Zea corn L. cultivar AGA
215) were planted/hill at 30 cm apart and after the complete emergence they
were thinned to a single seeding/hill.

After sowing land was fertilized with Superphosphate (46% P2O5) at rate of
500 kg/ha, Potassium sulphate (50% K2O) was applied at the rate of 400 kg/ha.
Both previous fertilizers were applied on single doses. After that, the experi-
mental area received the sowing irrigation. The next irrigation water application
were added according to the irrigation treatments (IR1, IR2, IR3). A hand weed-
ing method was used to control weeds during the two sowing dates.

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 after 60 days from sowing.

Samples were collected from four growth stages (vegetative, tasseling, milky
and maturation). Five plants were chosen randomly from each experimental unit
(12 treatments × 3 replications). Plant height was measured in chosen plant
samples, where they were cut off at the soil surface. The five plants of each
growth stage were divided into leaves and stems in addition to ears and tassels
in the last three growth stages, for determining the fresh weight of each plant
component. The area of one plant of each growth stage was measured using leaf
area meter (Licor 1000). Then they were dried to calculate the leaf area (LA) of
the five plants as follows:

Drying was made by using oven at 75ºC during two days for leaves and tas-
sels and 2-3 weeks for ears and stem. Dry weights for each previous component
were determined.

The total nitrogen content of each plant sample was determined according to
Bremner (1965) method, using Kjeletec Auto 1030 analyzer. The statistical
analysis was done by using the SAS program .

L.A.
Area of one plant  dry wt.  of leaves of 5 plants

Dry wt.of one plant
= ×

(1)
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3.  Results and Discussions

3.1  Dry Matter Production

The sowing date, growth stages and the interaction treatments sowing date ×
growth stages affected significantly the total dry matter (T.D.M.) and its parts
(leaves, stems, ears, and tassels) at the level (p < 0.01), while nitrogen treat-
ments significantly affected ears, tassel and total dry weight. On the other hand,
leaves dry weight was significantly affected by the interaction of sowing date ×
nitrogen treatments and growth stages ×  nitrogen treatments as shown in Table
(5).

The total dry matter (T.D.M.) and its parts such as ears and tassels were sig-
nificantly higher in first sowing date (autumn) than the second (spring) sowing
date. This result was in contrast to what Hane (1981) had reached, where the
T.D.M. at autumn sowing date was less than that of the spring sowing date. Dif-
ferences in the environmental conditions of sowing date one  and two, in terms
of temperature (Mack et al., 1966) and light intensity (Leonard and Martin,
1963), might had contributed to the difference observed for total dry matter pro-
duction. On the other hand, leaves dry matter was higher in sowing date two
than sowing date one, but stem dry matter was not affected by sowing date, (Ta-
ble 6).

Total dry matter and its parts (leaves and stem) were highest in the physio-
logical maturity stage followed by the milky stage, tasseling stage, and veg-
etative stage, respectively, (Table 6). The ear dry matter (E.D.M.) was highest
in the physiological maturity stage followed by the milk stage and tasseling
stage. On the other hand, the tassel dry matter was highest at the tasseling stage,
followed by the milky stage and the physiological maturity stage, (Table 6). As
shown in Fig. (1 b, c and e), the effect of growth stage and sowing date on total
dry matter and its parts (stems and ears), where the T.D.M. increased with the
increasing of growth stage. Meanwhile, the sowing date one was always super-
ior. The leaf dry matter increased with the increasing of growth stage, where the
second sowing date was superior, (Fig. 1.d). However, the tassel dry matter de-
creased with growth development, where sowing date two dominating sowing
date one (Fig. 1a). 

The T.D.M. and its parts were not significantly affected by the water irriga-
tion treatments. No significant differences were obtained between the T.D.M
and the nitrogen treatments, as seen in Table (5 and 6). 

Ear, tassel and total dry weights were significantly affected by the Nitrogen
treatments, but the leaf and stem dry weights were not affected. Ear and tassel
and total dry weights increased with increasing nitrogen rates from 0 to 300 kg
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FIG. 1. Effect of different growth stages on (a) tassal dry weight, (b) Ear dry weight, (c) stem dry
weight, (d) leaf dry weight, and (e) total dry weight during two different sowing dates of
corn plant.
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N/ha. Similar results were previously reported by the investigators Myers
(1988), Okuyama and Silva (1983), Bhujbal and Souza (1992), and Chung et
al., (2000) they found an increase in total dry matter of maize plant with in-
crease of nitrogen fertilization. Other researches showed that a successive in-
crease of corn plants T.D.M. with the increase of nitrogen up to 178,5 kg/ha
(Mahmoud et al., 1980), up to 214 kg/ha (Abdel-Aziz et al., 1986) added in two
doses, and up to 120 kg/ha (Chung et al. 2000). Also, Overman et al. (1994),
found an increasing in T.D.M. of corn with increasing of nitrogen fertilization.
Quiles-Belen et al. (1988), pointed out that, when the corn stand density
reached 40,000 plants/ha, 120 kgN/ha was considered the optimum as regard to
the T.D.M. production. Solaiman et al. (1975), obtained the highest T.D.M. at a
nitrogen fertilization of 300 kgN/ha when the stand density was 50,000 plants/
ha. In contrast, Pirani and Agostinelli (1989), found no increase in the T.D.M.
of corn with increase of nitrogen even up to 230 kg N/ha. Nitrogen application
showed no significant effect of corn ear dry weight. Roy and Singh (1986) pro-
duced similar conclusions, where they demonstrated on increasing in ear dry
weight at a rate of 100 kgN/ha. Abdel-Aziz et al. (1986), also found an increase
in the corn ear dry weight when he applied 214 kgN/ha in two doses. The high-
est yield in ear was reached by Anwarhan (1984) when he added 120 kgN/ha to
corn stand with 6000 plants/ha intensity. Similar results were previously re-
ported by Chung et al., (2000). In contrast, Salem et al. (1982) and Ahmed et al.
(1965) found no increase in ear dry weight with increase of nitrogen rates. 

Leaf dry matter increased with the increasing of Nitrogen rates from 0 to 300
kgN/ha, where the sowing date one dominated sowing date two (Fig. 2).

3.2  Leaf Area index 

Significant differences were obtained between the total leaf area of corn plant
and the sowing date (p < 0.01), the growth stages (p < 0.01), the interaction
treatment sowing date × growth stages (p < 0.01) and the interaction sowing
date × irrigation treatments (p < 0.05). No such effect was noticed for both nitro-
gen and irrigation treatments on the total leaf area, as seen in Table (5).

The leaf area of the corn plant was higher in sowing date (autumn) one
(0.650 m2/m2) than sowing date (spring) two (0.267 m2/m2). The leaf area of
the corn plant was significantly the lowest in the fourth growth (maturity) stage
(0.31  m2/m2) followed by the third growth (milky) stage (0.49 m2/m2), then the
second growth (tasseling) stage (0.53 m2/m2) and the first growth (vegetative)
stage (0.54 m2/m2), respectively in an increasing order. Howerver, there was no
significant effect between G1, G2 and G3 on leaf area index as seen in Table
(6).
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The application of different levels of nitrogen did not affect the leaf area of
corn plant. Similar results were reported by Ahmed (1965), Krishnamurthy et
al. (1974), Ellias et al. (1979), and Salem et al. (1982). But other investigators
like Prasad et al. (1987), found that corn leaf area index increased with the in-
creasing of nitrogen where the optimum leaf area was at application rate of 150
kgN/ha. Yakout et al. (1980), obtained the highest leaf area of corn plant with
an application of 180 kgN/ha. The investigators Panda and Hati (1970), Treg-
ubenko and Fillipov (1972), Bole and Frayman (1975), Shortal and Libharal
(1975), Rathore et al. (1973), Koswara (1977), Gagro (1977) and Abdul-
Rahman (1978), generally pointed out that adding nitrogen fertilizer increased
the corn plant leaf area.

Fig. (3a), illustrates the combined effect of sowing date × growth stages on
leaf area index. The leaf area index increased respectively with the increasing
of growth stages from one to four, where sowing date one was always dom-
inating sowing date two.

Fig. (3b), illustrates the effect of the interaction treatment sowing date × ir-
rigation treatments on leaf area index. The leaf area index increased, re-
spectively with the increasing of irrigation water from IR1 to IR3, where sowing
date one was always dominating sowing date two.

FIG. 2. Leaf dry weight as affected by different nitrogen rates during two different sowing dates of
corn plant.
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FIG. 3. Leaf area as affected by (a) growth stages, and (b) irrigation treatments during two differ-
ent sowing dates of corn plant.
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3.3  Plant Height

Plant height was significantly affected by sowing date and the growth stages
at (p < 0.01), as seen in Table (5).

Corn plant height was significantly higher in sowing date (spring) two (211
cm) than sowing date (autumn) one (203 cm). The corn plant height was highest
at the fourth growth (maturity) stage (281 cm) followed by the third growth
(milky) stage (272 cm) then the second (tasseling) stage (235 cm) and the first
growth (vegetative) stage (42 cm), respectively in a decreasing order, as seen in
Table (6).

Application of different nitrogen levels did not show any significant effect on
corn plant height, as seen in Table (6). Some investigators reported similar re-
sults, like Lucas (1986), where he added 150 kgN/ha to a corn stand with plant
intensity between (19000-111000) plants/ha. Also, Krishnamurthy et al. (1974),
Ellias et al. (1979), Russell (1984) and Milam and Hickingbottom (1986), found
no significant effect for nitrogen applications even up to 300 kgN/ha on the
corn plant height. But, Ogunlela et al. (1988) obtained a significant effect on
corn plant height by nitrogen application at a rate of 150 kgN/ha and a plant in-
tensity range 25000-75000 plants/ha. Also, some other researchers, demonstrat-
ed that increasing of nitrogen application rates, increased the plant height, like
Stivers et al. (1961), Bole and Frayman (1975), El-Sharkawy et al. (1976), Kos-
wara (1977), Gagro (1977), Abdel-Rahman (1978), Ibrahim (1979) and Abdel-
Aziz et al. (1986).

There was no significant effect for the irrigation treatments on the corn plant
height (Table 5 and 6). However, Boquet et al. (1985) obtained a significant ef-
fect on corn plant height, when he used high rate of irrigation water with 267
kgN/ha nitrogen rate.

3.4  Nitrogen Content in Different Plant Parts

The main effect of treatments: sowing date (S), growth stage (G), and nitro-
gen rate (N) were having a significant effect on N contents of  all plant parts
(Table 5). Meanwhile, the interaction effect of treatments sowing date ×  growth
stages (SG), and sowing date ×  nitrogen rates (SN), were having the same effect
on the nitrogen contents in all plant parts. Moreover, the interaction treatment
growth ×  nitrogen (GN), has a significant effect on all plant parts nitrogen con-
tents except the ear and tassel plant parts as seen in Table (5).

The results of test of significant study were shown in Table (6) where the first
sowing date (autumn) was superior in nitrogen contents for stem, ear, and total
than the second sowing date (spring). Meanwhile, the second sowing date was
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having a higher content of nitrogen in tassel than the first sowing date. The
fourth plant stage (G4) was having higher content of nitrogen than the other
plant stages, where the third plant stage was following the stage four in nitrogen
contents, then the second stage. The irrigation treatments did not affect sig-
nificantly the nitrogen contents in all plant parts.

Nitrogen rate N3 (200 kg/ha) was superior in nitrogen content at all plant
parts. Generally, as shown in Table (6), as the level of nitrogen rate increases,
the results of nitrogen content in plant parts increases too. Similar result was re-
ported by Chung et al.(2000).

As for the applied nitrogen rates, corn stem nitrogen content was significantly
lower at zero N. level (1.51 mg/kg) followed by 100 kgN/ha level (1.63 mg/kg),
then 300 kgN/ha level (1.76 mg/kg) and 200 kgN/ha level (1.98 mg/kg), re-
spectively in an increasing order, as seen in Table (6). This result was not much
similar to the results obtained by Zhou et al. (1997), El-Baisary et al. (1980)
and Moursi and Saleh (1980), when the highest observed nitrogen absorbed by
the plant was at the rate of 143 kgN/ha which was applied in two times. On the
other hand, Harada et al. (1996) mentioned that most of the nitrogen was ab-
sorbed by corn plant accumulate in the plant stem.

Fig. (4) illustrates the interaction effect of sowing date ×  nitrogen rates on ni-
trogen content of plants and its parts (tassel, stem and leaf). Nitrogen content of
plants and its parts increased with the increase of applied nitrogen rates from 0
to 200 kgN/ha, where sowing date one was always dominating sowing date two.
However, leaf nitrogen content increased with the increasing of nitrogen rate,
but the sowing date two was always superior .

Fig. (5) illustrates the effect of the interaction treatment sowing date × growth
stages on stem, leaf, ear, tassel, and total nitrogen content. The nitrogen content
increased respectively with the increasing of growth stages from one to four,
where the sowing date one was dominated sowing date two. However tassel ni-
trogen content increase respectively with the increasing of growth stages but the
sowing date two was dominated sowing date one.

Fig. (6) shows the combined effect of growth stages ×  nitrogen content on
plant stems and leaves, where they increased respectively with the increasing of
growth stages from one to four and the increasing of nitrogen rate from 0 to 200
kg/ha.

Fig. (7) shows the combined effect of sowing dates × irrigation treatments on
corn ear nitrogen content. The ear nitrogen contents decrease respectively with
the increasing of irrigation water, where sowing date one was dominated sow-
ing date two.
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FIG. 4. Effect of different nitrogen rates on nitrogen contents in a) ear, b) tassel, c) stem, d) leaf,
and e) plant, during different sowing dates of corn plant.
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FIG. 5. Nitrogen content during different growth stages in (a) stem, (b) leaf, (c) ear, (d) tassal, (e)
roots and (f) total plant, during two different sowing dates of corn plant.
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FIG. 6. Effect of different nitrogen treatments on nitrogen content in (a) leaf, (b) stem, and at dif-
ferent growth stages of corn plant.
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The results indicated a continuous increasing of nitrogen content in plant
leaves up to 200 kgN/ha application rate. Similar results were observed by El-
Baisary et al. (1980); Moursi and Saleh (1980) and Chung et al., (2000) who
found an increase in corn leaves nitrogen content with an increase of nitrogen
application. But, Mello et al. (1988), found no such significant influence on
leaves nitrogen content in response to nitrogen rates applications.

4.  Conclusions

The effect of sowing date on the different growth parts of corn was observed,
where highly significant effects were found. The mean values of variables
which were higher in autumn sowing date, were leaf area, total dry weights of
ear, tassel, and total nitrogen contents in stem and ear.

The nitrogen rates have highly significant effects on most of plant growth
variables. The nitrogen rate 300 kgN/ha gave higher values of dry weights, ni-
trogen contents in leaf, and stem. Meanwhile, the nitrogen contents in ear and

FIG. 7. Effect of different irrigation treatments on nitrogen content in ear during two different sow-
ing dates of corn plant.
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tassel were higher under nitrogen rate  200 kg N/ha. There was no significant
effect for the interaction treatments (nitrogen treatment and irrigation regimes)
on all the studied plant variables. 
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W�U'« ��U*« lOL& vK� Íd�«Ë 5�Ëd�OM�« s� WHK���  ö�UF� dO�Q�
uLM�« q�«d� �ö� WO�UA�« ��c�«  U�M� wMO�Ëd�OM�« Èu�;«Ë

5O�«�� s�b�u* WHK�<«
**w�ULOK��« qOL� dOL� , *Ê«uO� wMO�dA�« bL��

W�U'« o�UM*« W�«�� r�� ** − ÁUO*« ��«u� ��«�≈Ë ÂuK� r�� *

e�eF�« b�� pK*« WF�U� , W�U'« o�UM*« W�«��Ë W�O��«Ë �U5�_« WOK�
 W��uF��« WO�dF�« WJKL*« − �b����

W?O?�«�e�« ÀU?���_« W�D�0 W�O?KI?� W��d?�?�?� ÂU?O?I�« - Æ�hK�?�?�*«
W��ö� d?O�Q� W�«�b� p��Ë e?�eF�« b?�� pK*« W?F�U?' W�F�U?��« ÂUA�« Èb?N�
, %≤µ , %µ∞ ·«e�M�?�ô« V�� vK� W?OM�?� Íd�« s?� WHK?��?�  ôb?F?�
w� ©U��u�® 5�Ëd?�??O� �U?L?�  ôb?F?� W?F��√Ë ©IR3 , IR2 , IR1® %±∞
vK� , ©N3 , N2 , N1 , N0® �U?�J� Ø r?�?� ≥∞∞ , ≤∞∞ , ±∞∞ , d?H?5
−≤±µ U?�√ nM5® W?O?�U?A�« ��c?�« 5��?N� W�OKJ�« W�?�U?'« ��U�*« lO?L?&
©W�u?� − Ê«eO� − ÊUI?O� − �«�Ë√® WHK�?<« Á�«e�√Ë ©AGA seed 215

s�b?�u??� �ö?� W?HK�?<«  U??�M�« ¡«e?�_ wMO??�Ëd?�?OM�« Èu??�?;« vK�Ë
Íd�« W�Ëb?� XL?L5 b?I�Ë Æ ©Â±ππµ lO��Ë Â±ππ¥ n�d?�® 5O?�«��
Íd�«  ö?�U?F* W?��U?� r�u?� qJ� W?�b?�?�?�*« ÁU?O*« W?O??L?� X�U?� YO?��
©n�?�d???)« r�u????�Ø�U???�?J�Ø ≥Âπ∞±µ ® r� π∞[±µ w?�Ë W???HK?�???<«
5O?�«�e�« s�b�u?LK� ©lO�d�« r�u� Ø�U?�J� Ø ≥Â ∏≤±∞® r� ∏≤[±∞∏Ë
�Ë_« r�u*« e?O9 YO?� w�U?� ÍuMF?� d?O�Q� r�u?LK� ÊU?� Æ w�«u?��« vK�
, W�u?A�« , �uJ�«® ·U'« Ê�u�«Ë �«�Ë_« W?�U�� w� ��U?�e�U� ©n�d)«®
Æ ©�uJ�« , �U?��«® Á¡«e�√Ë  U?�M�U� 5�Ëd?�OM�« Èu?��?�Ë ©wKJ�« Ê�u�«
b�Ë ÆW�u?A�« w� 5�Ëd�OM�« Èu?��� w� ©lO�d�«® w�U��« r�u*« e?O9 ULMO�
W�U?'« ��U*«Ë  U�M?�«  UH5 q?� w� vK�√ ©ZCM�«® WF�«d�« WK�d*« X?�U�
UÎ�uMF� «ÎdO�Q� 5�Ëd?�OMK� WHK�<«  ö�UF*«  dN�√ ÆW?�uA�« Ê�Ë «b� U�
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·U'« Ê�uK� rO� vK�√ N2 WK�UF*« XD�√ YO� u?LM�«  UH5 iF� vK�
Ør�?� ≤≥≤[≥® W??�u?A�«Ë ©�U?�J?�Ør�?� ≥≤∞≤[π® �u�J�« s�?� q�J�
N2 WK�U?F*« XD�√Ë , ©�U?�J�Ør�?� ∂¥≥∏[≤® q�UJ�«  U?�M�«Ë ©�U?�J�
q�UJ�«  U?�M�« w� 5�Ëd?�OM?�« Èu�?�0 oKF?�� UL?O?� WO?�U?��≈ �bF?� vK�√
±[π∑ ÊU?I?O� − r�?�Ør� ≤[∏¥ �«�Ë√® Á¡«e?�√Ë ©r�?�Ør� ≤[π®
r�Ë Æ ©r�?�Ør� ±[µ∂ W?�u� − r?��Ør� ±[∂∑ �u?� − r�?�Ør�
dO�Q� Í√ 5�Ëd?�OM�«Ë Íd�«  ö?�UF� w� q�U?H��« Ë√ Íd�«  ö?�UF* sJ�

Æ W�Ë�b*«  UHB�« lOL� vK� ÍuMF�




