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ABSTRACT. Two field experiments were conducted at Hada Al-Sham Ex-
perimental Station of 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) during two suc-
cessive seasons (autumn 1994 and spring 1995) on total dry matter
yield and its components (ear and straw), and nitrogen uptake of hybrid
maize plant (AGA 215 cultivar). The purpose was also to detect chang-
es in the chemical properties of the soil as influenced by these pa-
rameters. The irrigation scheduling processes were designed by ap-
plying water of 90.15 cm/autumn (9015 m3/ha/autumn season) and
82.1 cm/spring (8210 m3/ha/spring season), respectively, where the ir-
rigation frequency was changed. There was a highly significant differ-
ence between seasons as regard dry matter production, with the first
season (autumn) gave higher weight of straw, ear, total yield of dry
matter, and nitrogen uptake than the second season (spring). Irrigation
treatments significantly affected yield traits. The irrigation treatment
IR3 had higher values for dry weight of ears, and  total yield of dry mat-
ter. Also, nitrogen treatments significantly affected some plant yield
variables; where treatment number N3 gave higher values of weight of
straw, total yield of dry matter and nitrogen uptake. The season affected
significantly the potassium and organic matter content in soil. Irrigation
levels affected significantly only the soil potassium (K). Meanwhile the
applied nitrogen rates affected significantly soil pH , nitrogen (N) and
potassium (K) soil content. The reported results can be used as a guide-
line for the investigators in the field of maize irrigation and similar
field crops.

3

JKAU:  Met., Env. & Arid Land Agric. Sci., vol. 14,  pp. 3-24 (1423 A.H. / 2003 A.D.)



S.G. Al-Solaimani, M.E. Kiwan and A.H.S. Bagour4

1.  Introduction

Maize (Zea mays L.) is considered one of the most important grain crop world-
wide. It is ranked as the third important cereal crop after wheat and rice. USA,
China, Brazil, Mexico, France, Argentina, India, Italy, and Canada are the top
producing countries, (FAO, 2001).

Water is considered one of the effective factors efficiening the chemical fer-
tilizer and consequently maize productivity. Hence, researchers were interested
in studying the effect of nitrogenous fertilizer with various water requirements.
In this respect, Panchanathan et al. (1987) studied the effect of different irriga-
tion rates (5330, 4490, 4290 and 3510 m3/ha) with nitrogenous fertilizer from
0.0 to 180 kg N/ha on maize productivity. They observed a significant inter-
action of irrigation water × nitrogen rates. Sexton et al. (1996), found that when
water deficit was used to schedule irrigation, nitrogen fertilization (202 and 234
kg N/ha, as urea) gave the maximum maize grain yield, due to the reduction in
nitrate leaching. Paliwal et al. (1999), concluded that the means of maize yield
components and N, P, and K uptakes increased with the increasing of nitrogen
N. Raju and Iruthayaraj (1995) detected that the highest maize grain yield and
N, P, and K uptakes with the highest N fertilizing application with irrigation at
condition of IW:CPE ratio of 0.75. Moreover, Surendra and Sharanappa (2000),
found that N fertilization increased maize yield. The highest grain yield was re-
corded at a rate of 120 kg N/ha with water rates of 4490 and 4290 m3/ha of ir-
rigation water. Also, Stutler et al. (1981) obtained the highest productivity by
adding 120 kg N/ha with irrigation. Highly significant interaction was also re-
corded between irrigation water and nitrogen. Also, Filip and Petrovici (1982)
obtained the highest yield from application of 120 kg N/ha and irrigation with
7000 m3/ha, while highest yields (7.51 and 7.88 ton/ha) were obtained by Pe-
trovici and Ailincai (1984) by 180 kg N/ha with 1500 and 2100 m3 irrigation
water/ha, respectively. However, Thorat and Ramteke (1988) found that the
highest yield was recorded at N rate of 180 kg/ha with 60 mm as irrigation wa-
ter. The application of N rates from 0.0 to 350 kg/ha were evaluated  with and
without irrigation during various growth stages by Eck (1984), where he found
a significant stress interaction for nitrogen × water on grain yields. Moreover,
he reported that adequate N slightly increased grain yield under stress and great-
ly increased with irrigation. Boquet et al. (1985), observed that N application
and irrigation increased grain yield and there was no significant interaction ef-
fect. They reported that the utilization of N was greatest at the highest level of
irrigation but lacked response at lower irrigation ones to more than 179 lb N/
acre. Bar et al. (1988), found that N application by more than 270 kg N/ha did
not influence grain yield, where the irrigation frequency varied for its influence
on maize cultivars.
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Chen (1992), studied that the effects of applied N on irrigation water use ef-
ficiency for maize varied with cultivar and soil type. Francis (1990), found that
the maize yield and N content were positively correlated with fertilizer N rate.
Bar et al. (1988) concluded that N application with greater than 275 kg/ha did
not increase maize yield, and irrigation frequency (1-6 days) did not alter yield
of maize. 

Experiments conducted by Boquet et al. (1985) found that, when nitrogen
rates were applied as liquid fertilizer, the N application increased ears, grain
number and specific grain weight, where irrigation increased ears number, plant
height, specific grain weight and significantly reduced grain number/ear.

Boquet et al. (1989) studied the effect of nitrogen rates on grain yield and
yield components, where they found that increasing of 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 nitrogen rates between 0.0 and 230 kg N/ha.

Boquet et al. (1986) mentioned that the increasing of water irrigation caused
decreasing grain protein content. Singh et al. (1997) obtained the highest yield
and nutrient uptake by corn with irrigation at an irrigation water equivalent to
cumulative pan evaporation ratio 1:2 throughout the season. Crop yields in-
creased and water use efficiency decreased with increasing of irrigation level as
was described by Saren and Jana, (1999). Nutrient uptake by the grain and stove
was significantly increased by increasing of irrigation frequency and application
of fertilizers (Banga et al., 1998). Efimov and Naumenlco (1980) reported that
grains protein content increased with increasing of nitrogen rates up to 90 kg N/
ha with irrigation.

For determining optimum season and best nitrogenous fertilizer rate under
spring as well as autumn seasons, Hane (1981) studied the influence of nitrogen
application from 0.0 to 252 kg N/ha on autumn season and 0.0 to 336 kg N/ha
in spring one. The results indicated that grain and dry matter weights recorded
lower values in autumn than those in spring season.

Irrigation frequency and nitrogen levels are considered the most effective in-
puts maize yield. Due to the water deficit problem in the Kingdom of Saudi
Arabia and the high costs of nitrogen fertilization, the estimation of optimum ir-
rigation water and nitrogen fertilization level are necessarily required to achieve
the optimum maize yield. Thus, the objective of this study was to estimate the
optimal irrigation level and nitrogen fertilization treatment to produce the maxi-
mum maize yield and its components.
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2.  Materials and Methods

2.1  Experimental Procedures

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 identify the optimum yield of maize crop. These factors were,
three irrigation regimes (IR1, IR2 and IR3) and four levels of nitrogen fertiliza-
tion (N0, N1, N2 and N3). Split Plot Design was followed by considering the ir-
rigation as main plot and the nitrogen as sub-plot  with three replications and re-
peated over the two seasons. The sowing dates of the two seasons was 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
cultivation.

Each sub-plot consisted of 75 cm furrows of 5 m in length. Spacing of hills
within rows was 30 cm. Three kernels were drop per hill of the AGA 215 maize
cultivar. After the complete emergence hills were thinned to a single seeding
hill. Plots were fertilized with superphosphate (46% P2O5) at the rate of 500 kg/
ha and potassium sulphate (50% K2O) at the rate of 400 kg/ha, at the beginning
of the season. After that, the experimental area received the scheduled irrigation
program according to the irrigation treatments (IR1, IR2, IR3). All the rec-
ommended practices for growing maize were followed.

2.2  Environmental Conditions of the Experiments

2.2.1  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).

2.2.2  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.
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 are given 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. (g/cm3)
Porosity

(g/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  phosphorus and potassium were de-
termined after they were extracted by digestion method with perchloric and ni-
tric acids (Shelton and Harper, 1941). Phosphorus content was determined at
light wave length 640 nanometer using Turner spectro-photometer model 2000,
whereas, potassium concentration was measured in the extraction using flame
photometer (Maizeing 400). The data of water and soil chemical analysis were
tabulated in Tables (3) and (4).

The saturated hydraulic conductivity for each soil layer was measured in the
laboratory using the Constant Head Method. The relationship between soil and
water was estimated in the laboratory, where the soil moisture retention curves
were estimated using the Pressure Plate method as described by Hillel (1982)
Fig. (1). 
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The same chemical analysis and experiments which were done in initial soil

conditions were followed for the collected soil samples at the end of each har-

vest dates (Spring and Autumn) where the chemical analyses included the anal-

ysis of nitrogen (N) phosphorus (P), potassium (K), electric conductivity (EC),

power of hydrogen (pH), and organic matter (O.M.).

TABLE  3. Chemical analysis of irrigation water.

pH
Ec Na+ K+ Ca++ Mg+ Cl� SO4

� NO3
� HCO3

� CO3
=

ds�1 (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl) (mgl)

7.40 1.58 164 24.6 160 41 246 221.6 123 246 0

TABLE 4. Chemical analysis of soil of the experimental site.

Chemical analysis

       
Soil

 
 pH

EC O.M. N P K Ca Mg Na
     

depth
  ds�1 % (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 5.9   3.8
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FIG. 1. Soil-moisture retention curve for soil samples.
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2.3  Practical Steps of the Two Trial Conditions

2.3.1  Nitrogen Application

Each 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. The four nitrogen
doses (N0, N1, N2, N3) were 0, 100, 200, and 300 kg/ha, respectively.

2.3.2  Irrigation Treatments

The moisture depletion ratio method was followed for designing the irriga-
tion treatments. The method assumed a constant rate of water losses by evap-
otranspiration at each irrigation period, while the available water in soil is con-
sidered as the main factor for irrigation scheduling design. Following this
method, the total quantity of water for irrigation (over season) was estimated
and applied with different irrigation frequencies. Each treatment was based on
the allowable depletion ratio from the total available soil moisture.

Three different depletion ratios were applied for irrigation scheduling pro-
cesses, these ratios were 50%, 25%, and 10% from the soil total available water,
designated 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 (surface run-
off and deep percolation) were considered for estimating the gross irrigation
water requirements, where the irrigation efficiency definition was applied.

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

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

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

Dn = R * TAW (2)

    
TAW

–
* *= FC WP

drb

w100
ρ
ρ

(1)
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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,

where, η is the application efficiency of water on farm level, and ETc is the
evapotranspiration of crop (cm3/day).

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

2.3.3  Irrigation System and Network 

The 36 sub- plots were arranged in three replications each of 12 sub- plots.
Each replication has 3 irrigation and 4 nitrogen treatments. An underground
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 di-
verted into secondary network. Each 4 basins was having one Division Box
(distributor) having 4 rectangular sharp weir to distribute an equal water quan-
tity for the same irrigation treatment. Moreover, discharge flow meter was in-
stalled at the network inlet to measure the input flow and control the water ap-
plication process.

2.3.4  Weight of Yield and its Parts

At the end of each season, one hundred plants from each sub- plot were tak-
en, and total biomass yield of plant, straw weight, and ear weight were re-
corded. In addition, the  total dry matter and its parts (straw and ear) (kg/ha)
were also estimated. The statistical analysis for analysis of variance and mean
comparison were made by using the statistical program MSTAT.

3.  Results and Discussion

3.1  Dry Matter Production and Its Components

     3.1.1  Total Yield of Dry Matter 

The treatments of season and nitrogen rates, affected significantly the total
yield production (at level p < 0.01), while, the ears were significantly affected
by season and irrigation treatment. The effect of irrigation treatments, and the
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interaction between season multiplied by irrigation treatments significantly af-
fected the total yield (at level p < 0.05) (Table 6). Mean of  autumn season was
higher than spring season for total dry matter yield and its parts (Table 7). Red-
dy and Patil (1982) reported that the autumn results were superior to spring
when applying 120 kgN/ha, while Berdnikov and Gulchuk (1987), found an in-
crease of maize yield during spring than that during autumn under the same of
nitrogen rate.

TABLE 6. Probability levels of significance for the ANOVA of maize straw weight, ear weight and
biological yield and nitrogen uptake of two seasons of maize plant.

Dry matter (kg/ha)
S.O.V. D.F.

Straw weight Ear weight Total yield
Nitrogen uptake

(kg/ha)

(S)   1 ** ** ** **

Rep (S)   4 * ** ** *

Irrigation (I)   2 ns * ns ns

(SI)   2 ns ns ns ns

M.S. Error (a)   8 525125 189422 2782793 3013

Nitrogen (N)   3 * ns ** **

(SN)   3 ns ns ns ns

(IN)   6 ns ns ns ns

(SIN)   6 ns ns ns ns

M.S. Error (b) 36 977302 1572049 2475212 1791

Ns,*, ** indicate non significance and significance at the 0.05 and 0.01 levels of probability, respectively.
ANOVA : Analysis of variance.
S.O.V. : Source of variation.

TABLE 7. Means of total dry matter yield and its parts and nitrogen uptake for maize experiment.

Dry matter (kg/ha)     

                
Factors

Straw weight Ear weight Total yield

   
Season

Autumn 6599 A 10456 A 17055 A 320.4 A

Spring 3208 B   8414 B 11622 B 210.1 B

 L.S.D.   .05   314 434 513.6     5.2

IR150% 4968 A   9263 B 14232 AB 266.2 A

   Irrigation IR225% 4885 A   8854 B 13739 B 246.3 A

IR310% 4857 A 10187 A 15045 A 283  A

Nitrogen uptake
(kg/ha)
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 L.S.D.   .05  �   772.92    913.536 36.54

N0 0 4537 B   9032 A  13569 B 215

N1 100 4620 B   9282 A  13903 B 244.7 B

N2 200 4861 B   9680 A 14541 AB 258.1 B

N3 300 5597 A   9745 A   15342 A 343.3 A

L.S.D.   .05     645.63          �        1054.86         28.6        

For each factor, means having common letters are significantly different at 0.05.

Nitrogen rate of 300 kgN/ha gave significantly the highest total yield pro-
duction, followed by rates 200-100-0 kgN/ha, respectively (Table 7). Russel
(1984), found that the rate of 60 kgN/ha was sufficient to produce maximum
grain yield of maize. Vance (1987), Sureridra and Sharanappa (2000), and Frye
and Blevrins (1989), found that the maize yield increased in parallel with the in-
crease of nitrogen rates from 0.0 to 100 kgN/ha. In contrast, Pirani and Agos-
tinelli (1989), and Bar et al. (1988) found no significant difference in maize
yield due to nitrogen rate up to 230 kgN/ha.

As regarding of irrigation treatment, the third irrigation treatment (IR3 =
10%) gave the highest total yield dry matter and weight of ears followed by IR2
= 25% and IR3 = 50%, as seen in Table (7). Panchanathan et al. (1987) detected
a significant effect of the interaction between irrigation and nitrogen on yield of
maize, where he applied 5330, 4490, 4290 and 3510 m3/ha with nitrogen fer-
tilization 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 m3 or 2100 m3 irrigation water/ha,
while Thorat and Ramteke (1988) got the highest yield by adding 160 kgN/ha
with 1500 or 2100 m3/ha irrigation water. Raju and Iruthayaj (1995) detected
the highest maize yield with the highest N fertilizer application with irrigation
at IW:CPE ratio 0.75%. Moreover, Bar et al.(1988) detected no alteration in
maize yield as a result of irrigation frequency (1 and 6 days).

Fig. (2) shows the effect of the interaction between season and multiplied by
irrigation treatments on total yield, where the first season was dominating the
second season, and the third irrigation treatment (IR3 = 10%) surpassing both
the second (IR2 = 25%) and the first (IR1 = 50%) irrigation treatments. 

TABLE 7. Contd.

Dry matter (kg/ha)     

                
Factors

Straw weight Ear weight Total yield

Nitrogen uptake
(kg/ha)

Nitrogen
level

(kg/ha)
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FIG. 2. Effect of different irrigation treatments on total yield of dry matter during two seasons of
maize plant.

3.1.2  Straw Dry Matter

Both season and nitrogen applied rates showed significant effect on the
means of the dry matter of straw after the removal of ears (at the level p <
0.01), Table (6). Autumn season  produced 6599 kg/ha higher than spring sea-
son with 3208 kg/ha straw dry matter. Nitrogen rate of 300 kgN/ha was sig-
nificantly higher in straw dry matter giving 5597 kg/ha, followed by the
200,100,0 kgN/ha rates which gave in a decreasing order 4861, 4620 and 4537
kg/ha, respectively (Table 7).

The obtained results matched with the finding by other investigators like Njo-
ku and Odurukwe (1987), who found an increase in straw dry matter from 4 to
16% with applying nitrogen rates of 50-100-150 kgN/ha where 100 kgN/ha rate
being the optimum rate. Ogunlela et al. (1988), obtained the highest yield in
straw production at nitrogen rate 200 kgN/ha. When splitting nitrogen rates Ab-
del-Aziz et al. (1986), found a continuous increase in straw dry matter pro-
duction up to 214 kgN/ha while, Badreshia and Patal (1987), pointed out that
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120 kgN/ha was contributed a significant increase in straw dry matter pro-
duction.

Irrigation treatment gave no significant difference in the values of straw dry
matter (Table 7). In contrast, Woodruff et al. (1984), found that the straw dry
matter differed significantly by applying irrigation water at water depths rang-
ing 35-70-100 cm.

3.2  Nitrogen Uptake

There were significant differences between the nitrogen uptake and the sea-
son (p < 0.01), nitrogen rates (p < 0.01), interaction treatments, season × nitro-
gen rates at level (p < 0.05). Irrigation treatments had no significant effect
(Table 6). 

Nitrogen uptake by maize plant was significantly higher in the autumn season
( 115.55 kgN/ha) than the spring season (99.62 kgN/ha). As far applied nitrogen
rate, treatment 300 kgN/ha gave the highest nitrogen uptake (117.4 kgN/ha),
followed by 200 kgN/ha (110.9 kgN/ha), rate 100 kgN/ha gave (103.4 kgN/ha),
and the least was the zero treatment (99.6 kgN/ha), Table (7). These results
were similar to the results reported by Francis (1990), Benjamin et al. (1997),
and Paliwal et al. (1999). As regarding the effect of irrigation treatment on the
nitrogen uptake by maize plant, it showed no such effect. This result is in con-
trast  with the result obtained by Singh et al. (1997), and Banga et al. (1998).
Fig. (3) indicates the effect of season × nitrogen rate with the amount of nitro-
gen uptake by maize plant. Meanwhile nitrogen rate of 300 kgN/ha gave the
highest nitrogen uptake than the rates 200 kgN/ha, 100 kgN/ha, and zero kgN/
ha, respectively.

3.3  Soil Analysis

3.3.1  pH Value

The applied nitrogen rates affected significantly the soil pH (at level p <
0.05) while the interaction between irrigation treatments × nitrogen rates af-
fected pH at level (p < 0.01), as shown in Table (8).

The zero N rate gave significantly the highest soil pH 8.32, followed by rates
100-200-300 kgN/ha with pH values of 8.16, 8.16 and 8.14, respectively (Table
9). The decrease of soil pH as affected by addition of nitrogen fertilizer (urea)
or organic waste treatments could be attributed mainly to acids produced by the
nitrification process (Larry and Morris, 1972, and Sims, 1986). They found that
nitrogen application increased soil acidity after four months. The observed drop
in soil pH was caused by the nitrification of NH4-N. Fig. (4) shows the com-
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TABLE 8. Significance levels of the ANOVA of pH, nitrogen, phosphorus, potassium and organic
matter content combined over the two seasons.

E.C.   Nitrogen Phosphorus  Potassium O.M.
S.O.V. D.F. pH

ds�1 (mg/kg) (%)

Season (S)   1 ns ns ns ns * **

Rep / season   4 ns ns ns ns ns **

Irrigation (I)   2 ns ns ns ns ** ns

(SI)   2 ns ns ns ns ** ns

M.S. Error (a)   8 0.082 0.014 0.001 0.002 0.089 0.0001

FIG. 3. Plant nitrogen uptake as affected by different nitrogen rates during two seasons of maize
plant.
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TABLE  9. Final chemical analysis of soil for NPK and organic matter for the maize experiment.

  
Factor pH EC N P K OM (%)

ds�1 (mg/kg)

Season Autumn 8.224 A 0.56   A 0.190 A 0.164 A 0.296 B 0.484 A

(S) Spring 8.170 A 0.532 A 0.194 A 0.188 A 0.493 A 0.478 B

IR1 50% 8.16   A 0.51   A 0.19   A 0.17   A 0.671 A 0.48   A

IR2 25% 8.19   A 0.58   A 0.20   A 0.18   A 0.26   B 0.48   A

IR3 10% 8.24   A 0.56   A 0.19   A 0.18   A 0.26   B 0.48   A

L.S.D.   .05 � � � � 0.196 �

N0 0 8.32   A 0.50   A 0.18    C 0.18   A 0.633 A 0.48   A

N1 100 8.16   B 0.55   A 0.18  BC 0.17   A 0.38  B 0.48   A

N2 200 8.16   B 0.56   A 0.20    B 0.18   A 0.317 B 0.48   A

N3 300 8.14   B 0.58   A 0.22    A 0.18     0.25   B 0.48   A

L.S.D.   .05 0.14 � 0.015 � 0.235 �

For each factor, means having common letters are significantly different at .05.

Irrigation
(IR)

Nitrogen
(N)

TABLE 8. Contd.

E.C.   Nitrogen Phosphorus  Potassium O.M.
S.O.V. D.F. pH

ds�1 (mg/kg) (%)

(N)   3 * ns ** ns * ns

(SN)   3 ns ns ns ns ns ns

(IN)   6 ** ns ns ns ** ns

(SIN)   6 ns ns ns ns ns ns

M.S. Error (b) 36 0.043 0.009 0.001 0.001 0.121 0.0001

Ns,*, ** indicate non significance and significance at the 0.05 and 0.01 levels of probability, respectively.
ANOVA : Analysis of variance.
S.O.V. : Source of variation.

bined effect of irrigation × nitrogen rates on soil pH. Increasing nitrogen rates

from 0, 100, 200 up to 300 kgN/ha decreased pH value throughout irrigation

treatments, IR1, IR2, IR3. Both irrigation treatments IR2 and IR3 surpassed the

first irrigation treatment (IR1).
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3.3.2  Soil Salinity (EC)

The electric conductivity (E.C.) of the soil was not affected by the three fac-
tors under study (Tables 8 and 9).

3.3.3  Soil Nitrogen Content

Soil nitrogen content was significantly affected by only nitrogen rates (p <
0.01), as shown in Table (8).

FIG. 4. Effect of different irrigation and nitrogen treatments on soil pH during growth of maize
plant.
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Nitrogen rate 300 kgN/ha gave the highest soil nitrogen content 0.22 mg/kg
followed, respectively in a decreasing order by rates 200, 100, 0 kgN/ha and
gave respectively 0.2, 0.18 and 0.17mg/kg, soil nitrogen content (Table 9). Sim-
ilar results were reported by Nimje and Seth (1988). They studied the effect of
nitrogen application rates on some soil properties. They found that total nitro-
gen was increased with increasing nitrogen rate, as seen in Table (9).

3.3.4  Soil Phosphorus Content

The soil  phosphorus content was  not affected by the three factors under
study (Tables 8 and 9).

3.3.5  Soil Potassium Content

Soil potassium content was significantly affected by the season (p < 0.05), ir-
rigation treatments (p < 0.01), nitrogen rates (p < 0.05), and the interaction
treatments between season and irrigation and between irrigation and nitrogen
rates (p < 0.01), as seen in (Table 8).

Spring season was significantly higher (giving 0.497 mg/kg K) than autumn
season with 0.352mg/kg K. Regarding irrigation treatments, the highest soil po-
tassium content was attained by (IR1 = 50%) which gave 0.76 mg/kg K fol-
lowed by the second then the third irrigation treatment with 0.26 mg/kg K. As
for the nitrogen treatments rate, 0 kgN/ha gave the highest soil potassium con-
tent (0.81 mg/kg K), followed respectively in a decreasing order by rates 100,
200, 300 kgN/ha with 0.37 mg/kg K, 0.26% K, 0.25 mg/kg K values, re-
spectively, as seen in Table (9).

Fig. (5) shows the combined effect of season between and irrigation treat-
ments on soil potassium content. Irrigation one (IR1 = 50%) gave the highest
soil potassium content where season two was dominating season one at all the
three irrigation treatments.

3.3.6  Soil Organic Matter Content

Soil organic matter content was significantly affected by only the season (p <
0.01), as shown in Table (8). 

Autumn season was significantly higher with 0.35% organic matter than
spring season with 0.34% soil organic matter. 

Conclusions

As a main conclusion, irrigation at 50% water deficit had higher ears, dry
weight, and total dry matter. The irrigation rate resulted in affected yield char-
acters. Meanwhile, the nitrogen fertilization rate affected significantly some
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components of the total yield. The season affected significantly the potassium
and organic matter content in soil. The nitrogen fertilization rate significantly
affected the nitrogen content, potassium and pH of soil. Only potassium content
in soil was significantly affected by irrigation treatments. 
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vK� wMO�Ëd�OM�« bOL���«Ë wzU*« e�F�« s� WHK���  U�u��� dO�Q�
W�d��« �«u�Ë 5�Ëd�OMK� UN/UB��«Ë WO�UA�« ��c�«  U�� WO�U��≈

*dF�U� 5�� tK�« b��Ë **Ê«uO� wMO�dA�« bL�� , *w�ULOK��« qOL� dOL�
ÁUO*« ��«u� ��«�≈Ë ÂuK� r�� ** − W�U'« o�UM*« W�«�� r�� *

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

W?O?�«�e�« ÀU?��_« W?D�0 5��?OKI?� 5?���d?& qL?� - Æ�hK�?�?�*«
W��ö� d?O�Q� W?�«�b� p��Ë e�e?F�« b�?� pK*« W?F�U?' W?F�U�?�« ÂUA�« Èb?N�
%±∞ ,%≤µ ,%µ∞ ·«eM�?�« V�� vK� WOM?�� Íd�« s� W?HK��?�  ôbF?�
,d?H/ w?� ©U��u�® 5�Ëd�?O� �U?L?�  ôbF?� W?F��√Ë ©IR3 , IR2 , IR1®
W?O?�U??��≈ vK� ©N3 , N2 , N1 , N0® �U?�J?� Ø r�?� ≥∞∞ , ≤∞∞ , ±∞∞
Á¡«e�√Ë ©≤±µ U�√ 5�� nM/® W?O�UA�« ��c�«  U�M� W?OKJ�« W�U'« ��U*«
5O�«�� 5L�u?� �«b� vK� 5�Ëd�OMK� t/U?B��« vK�Ë ©�uJ�«Ë gI�«®
WOzUOL?OJ�«  «dOG��« �U��?�ô p�c�Ë Æ ©Â ±ππµ lO��Ë Â ±ππ¥ n�d�®
X�U� YO?�� Íd�« W�Ëb� XL?L/ bI�Ë  ö?�UF*« Ác� dO�Q?� X% W�d�K�
r�u*« �ö� W?HK�<« Íd�«  ö�UF?� nK�< W��U� W�b?���*« ÁUO*« W?OL�
©�U???�J� Ø ≥Â π∞±µ® n�?�d??)« r?�u??� Ø r?� π∞[±µ w�Ë b???�«u�«
w�«u????��« v?K� ©�U???�?J� Ø ≥Â ∏≤±∞® lO?�d�« r�u????� Ø r� ∏≤[±∞∏Ë
U�uMF?� «d??O�Q� W?�«�e�« r�u* ÊU??� Æ © U�d�« �«dJ� jI?� XHK?�?�« YO?�®
r�u*« vK� ©n�d?)«® �Ë_« r�u*« �u?H� YO?� W?�U'« W?O?�U��û?� UÎO�U?�
WOKJ�« W?�U'« ��U*« W?O�U��≈Ë �uJ�«Ë gI�« s� q� Ê�Ë w� ©l?O�d�«® w�U��«
UÎ�uMF?� «ÎdO�Q� Íd�«  ö?�UF* ÊU?�Ë , U�M�« WD�«u� h�?L*« 5�Ëd�?OM�«Ë
w� vK�_« IR3 W��U?��« WK�UF*« X�U� YO� �u?B;«  U�uJ� iF� vK�
 d�√ p�c?�Ë ,  U�?MK� WOKJ?�« W�U?'« ��U*« W?O�U?��≈Ë �uJK� ·U?'« Ê�u�«
�≈ �u?B;«  U�uJ� i?F� vK� UÎ�uMF?� wMO�Ëd?�?OM�« �UL?��«  ö?�UF?�
��U*« WO�U?��≈Ë gI�« Ê�u� oKF�� ULO� W?�O�� vK�√ N3 r�� WK�UF*« XD�√
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d�√ Æ ö�UF*« w�U� s�  U�M�« WD�«u� h�L*« 5�Ëd?�OM�«Ë WOKJ�« W�U'«
bI?�Ë ÆW�uC?F�« ��U*«Ë ÂuO?�U�u��« s� W�d?��« Èu�?�� vK� UÎ�uMF?� r�u*«
U?L?� ÆÂu?O�U�u?��« s� W?�d��« Èu?�?�?� vK� UÎ�uMF?� Íd�«  ö?�U?F?�  d�√
pH)® W?{u?L?� r�� vK� UÎ�uMF?� W?OMO?�Ëd?�O?M�« �UL?��«  ö?�U?F?�  d�√
Ê√ sJ1 Y�?��« «c� ZzU�� ÆÂuO?�U�u��«Ë 5�Ëd?�OM�« s� U�«u?��?�Ë W�d��«
s� U?NN�U?� U�Ë W?O�U?A�« ��c�« �U?�� w� 5K�U?F�«Ë 5�?�U�K� Îö?O�� ÊuJ�

 ÆWOKI(« qO/U;«




