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ABSTRACT

Two field experiments were carried out at Wady Elnatroon, El-Behera
governorate during 2008 and 2009 growing seasons to study the influence of irrigation
water amounts and nitrogen fertilizer rates on maize yield and its components, and on
some water relationships under drip irrigation method in the soil. The soil of the field
experiments was sandy loam. The electrical conductivity of irrigation water was 1.1
dSm™. The treatments were arranged in a split plot design with four replicates. The
main plots were assigned with four amounts of irrigation water of daily applied on a
base of 100%, 90%, 80% and 70% of ETc with four nitrogen rates i.e. zero, 50, 100
and 150 kg N fed.™ in the sub plots.

The combined analysis over the two growing seasons showed that daily
irrigation with applied water equals 100% of ETc increased plant height, ear length,
number of grains row™, 100-grain weight and maize grain yield by 3.33, 7, 15.25, 6.19
and 37.25% as compared to daily irrigation with applied water equals 70% of ETc.
Daily irrigation with applied water equals 100% of ETc, significantly increased N, P
and K concentration in Zea maize plants and grains by (36.9, 21.2 and 9.8%) and
(23.5, 21.2 and 18.5%) as compared to daily irrigation with applied water equals 70%
of ETc, respectively.

Increasing nitrogen rates up to 150 kg N fed.™ significantly increased plant
height by 5%, ear length by 5.9%, number of grains row™ by 8.4%, 100-grain weight
by 10.1% and maize grain yield by 47.25% as compared to the control treatment.

Seasonal water use values were 52.93, 47.93, 42.8 and 38.68cm for irrigated
plants with 100%, 90%, 80% and 70% of ETc, respectively.

Daily irrigation with applied water equals 100% of ETc resulted in higher
amount of irrigation water applied to be 59.5 cm, followed by daily irrigation with
applied water equals 90%, 80%, and 70% of ETc to be 53.5 cm, 47.6 cm, and 41.6
cm, respectively.

Daily irrigation with 90% of ETc resulted in the highest value of water
productivity as compared to 100%, 80% and 70% of ETc.

It could be concluded that for obtaining both high and good maize yield and
facing the irrigation water shortage, daily irrigation with 90% of ETc must be added
with 150 kg N fed™ under the sand loam soil in Wady El-Natron region and in the
same conditions.

Keywords: Maize, drip irrigation, N fertilization, water consumptive use, water
productivity(PW).

INTRODUCTION

Maize (Zea maize L.) is considered one of the most important cereal
crops in Egypt. Total annual area cultivated with maize varieties was
estimated 1.5-2.0 million feddans. Total national production of maize is about
5.43 million tons, while the demand is for at least 7.0 million tons. This
reflects the size of the problem and efforts that needed to increase maize
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production. This can be achieved by breeding high yielding varieties and by
the application of improved agro-techniques. Irrigation is one of the most
important factors contributing to increase maize production. Water resources
in Egypt are limited. So, saving water is a vital demand to face the water gab
problem. Crop water management and its yield in different environments are
very important concern in irrigation planning and maximizing grain yield.

Drip irrigation is a highly efficient means of delivering water uniformly to
crops. Because of the high cost of installing and maintaining a drip system
beside its suitability to some soil properties than the others. It has been used
primarily in areas of relatively high water costs where irrigation efficiency is
an important economic consideration. Maize is one of the most efficient field
crops in producing higher dry matter per unit quantity of water (Viswanatha et
al., 2002). Maize cultivation requires large quantities of water seasonally to
obtain a large crop (Filintas, 2003). Ayotamuno et al., (2007) reported that the
maximum plant height and the other maize yield components increased with
increasing irrigation water. Abd El-Hafez et al., (2008) reported that the
highest values of grain yield were obtained with irrigation at 1.3 Etc as
compared to 1 and 0.7 ETc. Abdel-Maksoud et al., (2008) reported that the
highest (67.96 and 68.87cm) and lowest (56.45 and 57.13 cm) ETc values in
both seasons were obtained with increasing irrigation intervals from 7 to 21
days intervals, respectively. EI-Sabbagh et al., (1997) found that treatment
which irrigated at 80% of the field capacity gave the highest values of ear
length, ear weight, number of kernel row, 100-kernel weight and grain yield
fed.™. Also, they found that values of water consumptive use were 69.41,
58.30 and 46.68 cm for the treatments irrigated at 80% 65% and 50% of field
capacity, respectively. El-Mowelhi et al., (1999) found that under drip
irrigation increasing intervals from 4 to 7 days significantly decreased ear
character and maize grain yield fed.™. Also, they found that furrow irrigation
reduced water productivity (kg maize grain yield m® of water consumed or m’
% of water applied) by 15.89 and 30.61% respectively, as compared with drip
irrigation system.

Fertilizer application, also, is the most important factor of increasing
yield per unit area. Nitrogen is considered as one of major nutrients required
by the plants for growth, development and yield (Singh et al., 2003). Abdel-
Mawly and Zanouny (2005) reported that N and K fertilizer applications had
significant effect on yield of Zea maize. Ma and Subedi (2005) found a
positive effect of all N treatment over the control regarding yield in Zea maize.
Wajid et al., (2007) reported that an increase in nitrogen application resulted
in maximum stem length, 100-grain weight and grain yield of Zea maize..

The objectives of the present study were to investigate the effect of
irrigation water amounts and nitrogen rates on maize yield, its components
and some water relations such as water consumptive use, irrigation water
applied, field and crop water use efficiencies under drip irrigation method in
Northwest Delta.
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MATERIALS AND METHODS

Two field experiments were carried out during 2008 and 2009 growing
seasons at Wady Elnatroon, El-Behera governorate to study the effect of
irrigation water amounts and nitrogen fertilizer rates on maize yield, its
components and some water relations under drip irrigation system .

Surface drip irrigation system used was consisted of normal
polyethylene pipes of 16 mm diameter as laterals with in line dripper of 4 I/h
at 50 cm apart. The laterals were located 75 cm apart, one lateral for each
plants row. Irrigation water was filtered through gravel filters and refiltered
through screen filters. The soil of the experiments field was sandy loam and it
contained 11.85% clay, 13.70% silt and 74.45% sand. The average of soil
electrical conductivity (soil baste extract), over 0-60 cm depth, was 3.68
dsm™, pH of the soil (1: 2.5) was 7.5, EC of irrigation water was 1.1 dsm™.
The treatments were arranged in a split plot design with four replicates. The
main plots were assigned with four irrigation water amounts and the sub plots
were randomly assigned with four N-fertilizer rates. The experiment size was
0.91 feddan included 128 rows with 75 cm apart and 40 m long.

The experimental field was fertilized with 10 m? of chicken manure as
well as 15 kg P,Os fed.” under maize rows through soil preparation. The
chicken manure contains 3.2% N, 2.1% P and 1.3% K.

Irrigation treatments were daily applied with amount of water equals to
100%, 90%, 80% and 70% of the crop evapotranspiration (ETc), while
nitrogen was applied as ammonium nitrate (33.5%) at a rate of zero (control),
50, 100 and 150 kg N fed.” through the irrigation water using venture
injection in six equals doses, the first dose after thinning, while the later
doses were applied on weekly basis.

Maize seeds (cv. Single Hybrid 30K8.) were manually planted in one
row in dry soil on 25 and 20 of June during the two seasons, respectively.
The distances between hills were 25 cm and one plant/hill was left after 3
weeks from planting. All field practices were done as usually recommended
for maize cultivation. Harvesting was done after 120 days from planting.
Central area of 45 m? in each plot was kept for determining maize yield to
eliminate any border effect.

The following characters were studied:
Yield and yield attributes:

Plant height in cm, Ear length in cm. , No. of grains row™., 100-grain
weight in gm and Grain yield in kg fed.™.
NPK concentration in maize ear leaf and grains.
Processing of samples: collected samples were analyzed for: (i)NPK by
Kjeldahl method as reported in Standard Methods for Page (1984)(ii) P, by
ascorbic acid method as described in the Standard Methods for Page (1984)
.(iii) Total dissolved potassium by atomic absorption spectrophotometer.
Nitrogen use efficiency (NUE):

Nitrogen use efficiency by plants was calculated as kg of the grain

yield produced by each unite of nitrogen fertilizer used
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Soil water relations:

Soil moisture content was determined gravimetrically in soil samples
at successive of 15 cm to a depth of 60 cm from three locations, under the
emitter and between the emitters and the laterals. Soil samples were also
collected just before irrigation and 6 hours after every irrigation as well as at
harvesting to estimate evapotranspiration rates. Field capacity and the bulk
density were determined up to a depth of 60 cm. The average values are
presented in Table (1).

Table (1): Values of field capacity and bulk density for the two growing

seasons.
. 2008 2009

Soil depth= - - - -

(cm) Field %Zpacny Bmg/?;ﬁqn35|ty Field %Zpacny Bulk density g/cm3
0-15 12.9 1.37 12.9 1.37

15-30 12.9 1.37 12.9 1.37

30-45 13.0 1.38 13.0 1.38

45-60 13.0 1.38 13.0 1.38

1- Water consumptive use (Cu):
Water consumptive use was calculated using the following equation
(Hansin et al., 1979).

n=4
CuU = Zl Di x Bd X( 0, - 0, )/100

1=
Where:
Cu = Water consumptive use (cm).
Di = Soil layer depth = 15 cm.
Bd = Soil bulk density, (g/cm3) for this depth.
0, = Soil moisture % before irrigation.
0, = Soil moisture % 6 hours after irrigation.
n = Number of soil layers.

2. Irrigation water applied (IWA):
The amount of water applied at each irrigation was measured by
flowmeter and calculated according to Keller and Karmeli (1974) as follows:

ETo.Kc.Kr.ll
IWA = +LR

Ea
Where:
IWA=  irrigation water applied (mm).
ETo = reference evapotranspiration (mm/day).
Kc = crop coefficient.
Kr = reduction factor (Keller and Karmeli, 1974).
Il = irrigation intervals (days).
Ea = irrigation efficiency % = K; x K, = 0.85.
K = emitter uniformity coefficient = 0.95.
K, = drip irrigation efficiency coefficient = 0.90.
LR = leaching requirements (10% of Etc).
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Reference evapotranspiration (ETo) were estimated using penman-
Monteith, as calculated by Allen et al. (FAO, 1998) and crop coefficient (Kc)
values for maize were taken as calculated by (El-Sabbagh et al., 1997).
Values are shown in Table (2).

Table (2): Monthly potential evapotranspiration (ETo) and crop
coefficient (Kc) used with maize in this study.

Months June July August |September| October
ETo mm/day 6.31 6.17 6.05 5.37 4.42
Crop coefficient (Kc) 0.47 0.92 1.13 1.00 0.88

3-Water productivity:

was determined by dividing grain yield by evapotranspiration as
follows (Ali et al., 2007):

WP =GY /ET

Where WP is water productivity (kg m'3), GY is grain yield (kg fed'l) and ET is
maize total water consumption of the growing season (m* fed™).
Statistical analysis:

The obtained data were statically analyzed by analysis of variance.
The data of the two seasons showed nearly the same trend Thus, a
combined analysis was done according to Gomez and Gomez (1984) .Means
of the treatment were as as compared by the least significant difference
(LSD) at 5% level of significance which developed by Waller and Duncan
(1969)

RESULTS AND DISCUSSION

Yield and yield attributes:

Combined analysis of variance over the two growing seasons
indicated that all studied characters were significantly affected by irrigation
treatments as shown in Table (3).

Daily irrigation with applied water equals 100% of ETc significantly
increased plant height, ear length, number of grains row™, 100-grain weight
and maize grain yield by 3.33%, 7%, 15.25%, 6.19% and 37.25% as
compared to daily irrigation with applied water equals 70% of ETc. A higher
grain yield for irrigated maize with applied water equals 100% of ETc might
be due to the large wet area at the root zone, enhanced root distribution,
increased root surface area and encouraged nutrients uptake which reflected
on the higher yield components such as ear length, number of grains row™
and 100-grain weight, as shown in Table 3. These results are in agreement
with those obtained by Abd El-Hafez et al., (2001), Abdel Aziz and El-Bialy
(2004), Galbiatti et al., (2004) and Omran (2005), who concluded that yield
and its attributes of maize plants were gradually increased as a result of
increasing in the availability of soil moisture content because the availability
of water is an important factor in the growth of maize plants which increase
grain yield. Maize is one of the most efficient field crops in producing higher
dry matter per unit quantity of water (Viswanatha et al., 2002 and Megyes et
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al., 2005). Meleha (2006) reported that growth of maize is highly related to
irrigation depth and it increases with increasing irrigation water. These results
are in harmony with those obtained by Abd El-Hafez et al., (2008), Abdel-
Maksoud et al., (2008) and Kara and Biber (2008).

Regarding the effect of nitrogen fertilizer, Table (3) indicate that
increasing nitrogen levels caused a significant increase in plant height, ear
length, number of grains row™, 100-grain weight and maize grain yield due to
inorganic N ions which affect plant growth and its development. Ammonium
has been recently shown to be an important factor regulating plant adaptation
to environmental changes through its effect on the balance of growth
promoting and growth restraining Mo-enzymes in plant roots. The obtained
results are in conformity with those of Megyes et al., (2005) and Wajid et al.,
(2007).

The data in Table (3) show that increasing nitrogen level gradually
increased all plant growth characters, so the most vigorous growth was
obtained in plants received N at 150 kg fed.™. The previous studies indicated
that abundant nitrogen encouraged cell division and elongation increased
leaves number which consequently enhanced plant growth, and this may
explain the favorite effect of increasing N rate on plant growth (Abdel-Mawly
and Zanouny, 2005 and El-Hamdi et al., 2008).

Insignificant effect of irrigation treatments and season's interaction
was obtained on all traits (Table 3). Such result indicates that irrigation
treatments showed similar effect from year to the other.

Table (3): Mean values of maize grain yield/feddan and its components
as influenced by irrigation treatments under drip irrigation
method in combined analysis of 2008 and 2009 seasons.

Treatments Plant height| Ear length | No. of grlains 100-grain | Grain yielld
(cm) (cm) row’ weight (gm) | (kg fed™)
Irrigation:
100% of ETc 248 a 214 a 40.8a 412 a 3828 a
90% of ETc 247 b 20.8b 39.2b 39.6b 3549 b
80% of ETc 243 ¢ 20.3¢c 37.7c 39.1c 3119¢c
70% of ETc 240d 20.0d 35.4d 38.8d 2789 d
N-rates:
Zero N (control) 238d 20.2a 36.9c 37.6d 2639d
50 kg N/fed. 244 c 20.5b 37.7c 384c 3243 ¢
100 kg N/fed. 246 b 209c 385D 39.6b 3636 b
150 kg N/fed. 250 a 21.4d 40.0a 414 a 3886 a
Interactions:
Irrig. x season N.S. N.S. N.S. N.S. N.S.
Irrig. x N rates b N.S. N.S. ki ki
Irrig. N rates x season N.S. N.S. N.S. N.S. N.S.

Means designated by the same letter at each cell are not significant at the 5% level
according to Duncan's multiple range test.
N.S: Indicate not significant

Interaction between irrigation treatments and nitrogen rates:

It is clear from Table 4 that the highest mean values of grain yield
obtainelzd with daily irrigation with applied water equals 100% of ETc, 150 kg
N fed.™.
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On the other hand, the lowest value of grain yield obtained from
irrigation with applied water equals 70% of ETc without fertilization. Similar
results were reported by El-Atawy (2007) and lbrahim and Hala, Kandil
(2007). who concluded that low available soil water content resulted in a
significant reduction in grain yield due to disparity in flowering and the
frequency of sterile plants. The availability of nutrients and their uptake are
higher when soil water is adequate and available at low tension.

Table (4): Interaction between irrigation and nitrogen fertilizer levels on
grain yield of Zea maize, over both growing seasons.

Irrigation treatments
\Variables 100% 90% 80% 70%
of ETc of ETc of ETc of ETc
N-rates:
Zero N (control) 3100 gh 2899 g 2448 i 2108 j
50 kg N fed * 3752 cd 3544 f 3015¢ 2624 h
100 kg N fed ™ 4156 b 3837 cd 3414 ef 3137 f
150 kg N fed ™ 4304 a 3914 ¢ 3598 d 3288 d

Means designated by the same letter at each cell are not significant at the 5% level
according to Duncan's multiple range test

NPK concentration in maize plants (ear leaf) and grains.

Data in Table 5 reveal that N, P and K concentration in Zea maize
plants were significantly affected by irrigation water amounts and high
significantly affected by nitrogen fertilizer levels in combined analysis of
variance over the two growing seasons.

The highest values of N, P and K concentration in Zea maize plants
and its grains were obtained from irrigation at 100% of ETc.

Daily irrigation with applied water equals 100% of ETc, significantly
increased N, P and K concentration in Zea maize plants by 36.9%, 21.2%
and 9.8% as compared to daily irrigation with applied water equals 70% of
ETc, while it increased N, P and K concentration in Zea maize grains by
23.5%, 21.2% and 18.5% as compared to daily irrigation with applied water
equals 70% of ETc.

From the previous results it could be mentioned that the increase of
N,P and K% in Zea maize plants and grains may be attributed to increasing
of soil moisture. As soil moisture content increased solubility and mobility of
N, P and K are increased,. These results are in agreement with those
obtained by ElI-Nagar (2003), Othman, Sanaa et al., (2005), and Ibrahim and
Hala, Kandil (2007).

Increasing N fertilization up to 150 kg N fed.™ increased N, P and K
concentration in maize plants by 111.1%, 46.6% and 31.7%, while, N, P and
K concentration in maize grains increased by 121.1%, 38.7% and 38.5% as
compared to the control treatments. The increment of NPK concentration in
maize plants and grains might be due to higher availability of the nutrients
with increasing the N fertilizer levels which finally resulted in better root
growth and more physiological activities for nutrients absorbance. These
results are in accordance with those obtained by Ibrahim and Hala, Kandil
(2007) and ElI-Hamdi et al., (2008).
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Nitrogen use efficiency (NUE):

Nitrogen use efficiency (NUE) is one of the principal factors for
saving fertilizer .There are many factors affecting NUE The data presented in
table (6) show the effect of irrigation regimes, nitrogen fertilizer levels and
their interactions on nitrogen use efficiency in kg grain yield kg'1 N fertilizer
applied.

Table (5): Mean values of N, P and K concentrations as influenced by
irrigation water amounts and nitrogen rates under drip
irrigation method in combined analysis of 2008 and 2009

seasons.

\Variables N% - P% - K% -
Plant | Grains | Plant | Grains | Plant | Grains

Irrigation treatments

100% of ETc 1.52a 1.05a | 0.079a | 0.40a 1.23a 0.32a

90% of ETc 1.42b 0.97b 0.073b 0.38b 1.20b 0.31b

80%o0f ETc 1.22c 0.91c 0.067c 0.36¢ 1.17c 0.29c

70% of ETc 1.11d 0.85d | 0.062d | 0.33d 1.12d 0.27d

N-rates in Kg /fed.

Zero N (control) 0.81d 0.57d | 0.058d | 0.31d 1.01d 0.26d

50 kg N fed.™ 1.27c 0.87c | 0.065c | 0.35c 1.14c 0.28c

100 kg N fed.™ 1.49b 1.07b | 0.074b | 0.38b 1.24b 0.31b

150 kg N fed.™ 1.71a 1.26a | 0.085a | 0.43a 1.33a 0.33a

*Mean designated by the same letter is not significantly different at the 5% level according
to Duncan's multiple range tests.

Table (6): mean values of nitrogen use efficiency (NUE) in kg grain yield
kg applied nitrogen N fed as influenced by irrigation
treatment and nitrogen rates under drip irrigation in
combined analysis of 2008 and 2009 seasons

\ariables Irrigation treatments Mean
100% of ETc| 90% of ETc 80% of ETc 70% of ETc

N-rates:

Zero NN(%’(;‘H”') 13.03 a 12.90 a 11.34 a 10.32a 11.89

100 k% N fed 10.56 b 9.38 b 9.30 b 10.29b 9.88

150 kg N fed 8.02 c 6.70 ¢ 7.66 ¢ 7.86 ¢ 7.56

Mean 10.53 9.66 9.43 9.49

Means designated by the same letter at each cell are not significant at the 5% level
according to Duncan's multiple range test.
LSD at 5% In row 1.293
In column 0.2137

There were no significant between amount of irrigation water, values of
NUE (over two seasons) were 10.53 , 9.66 , 9.43 and 9.49 due to irrigation at
100% of Etc , 90% of Etc , 80% of Etc ,and 70% of Etc respectively

Concerning the effect of the nitrogen rates applied , results showed
that increasing the applied N-rate decrease the NUE , since highest value
was obtained with 50 kg N fed "L and the lowest one obtained with 150 kg N
fed * .The values of NUE (over two seasons ) due to 50 kg N fed 1100 kg
N fed *, and 150 kg N fed = were 11.89, 9.88, and 7.56 kg grain yield/kg N
respectively.
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IlI- Soil water relations:
1- Water consumptive use (Cu):

The values of water consumptive use as affected by irrigation
treatments are presented in Table (6).

Data presented in Table (6) show that water consumption increased
as soil moisture was maintained high. Monthly values of evapotranspiration
were lower at the beginning of the growing season, and then increased as the
plants grow up till it reached its peak in August. At the end of the season the
rates declined as the crop matured. These results indicated that the increase
in evapotranspiration rates goes parallel to the increase in the vegetative
growth of maize plants. These findings agreed with El-Mowelhi et al., (1999),
Oktem et al., (2003), Ayotamuno et al., (2007) and El-Bably (2007), who
reported that the increment in water consumption depends on the availability
of soil moisture in the root zone and plant growth stage
2- Irrigation water applied (IWA):

The amounts of irrigation water throughout the two growing seasons
under drip irrigation are showed in Table (7). Results in Table 6 indicated that
daily irrigation with applied water equals 100% of crop evapotranspiration
resulted in higher amount of irrigation water applied due to the application of
100% of ETc, followed by daily irrigation with applied water equals 90%, 80%,
and 70% of ETc, respectively.

Table (7): Monthly and seasonal evapotranspiration rates and water
applied as affected by irrigation treatments and nitrogen
rates for maize over both growing seasons under drip

irrigation.

Irrigation . Months Seasonal water .
Nitrogen ; Water applied

;rteatments rates fed.™ june | july |August| sept. | oct. cons(lénmqg)tlon (cm)
Zero 019 1.25 | 953 | 6.12 |057 52.66
50KgN |0.19| 140 | 956 | 6.14 |0.60 52.89

0,

100%0f ETel 100 kg N | 019 | 1.42 | 9.61 | 6.19 |0.62 53.03 59.5
150Kg N | 019 | 1.44 | 964 | 6.22 |0.62 53.11

Mean 0.19] 1.38 | 9.59 | 6.17 | 0.60 52.93
Zero 019 020 | 7.74 | 442 [0.27 47.82
50KgN |0.19| 024 | 7.78 | 4.46 |0.30 47.97

0,

90%Of ETe\ 100 kg N | 019 | 0.31 | 7.60 | 4.48 |0.31 47.89 53.5
150 KgN | 019 | 038 | 7.63 | 452 |0.33 48.05

Mean 0.19] 0.28 | 7.69 | 447 |0.30 47.93
Zero 019| 02 | 568 | 272 [0.79 42.40
50KgN |019| 03 | 571 | 2.84 |0.92 42.69

BO% Of ETe | 700 Kkg N | 0.19 | 06 | 578 | 2.93 |0.97 42.93 47.6
150Kg N | 0.10| .08 | 581 | 3.08 |0.99 43.15

Mean 019 .05 | 575 | 2.89 |0.92 42.80
Zero 019 .03 | 433 | 1.38 | 055 38.48
50KgN |019| .06 | 435 | 141 |057 38.58

70% Of ETe | 100 Kkg N | 0.19 | 08 | 4.40 | 1.47 |0.59 38.73 416
150 KgN | 019 | 14 | 443 | 154 |0.61 38.91

Mean 0.19] .08 | 438 | 1.45 |0.58 38.68

783



El-Atawy, Gh. Sh. and S. M. Eid.

3- Water productivity (WP)

WP calculated for all treatments are given in Table 8. The values of
WP ranged from 1.4 to 2.0 kg m™ depending on the treatments .The WP was
higher at increasing N applied . The mean values ( over 2 seasons ) due to
Zego N, 50 kg N, 100 kg N and 150 kg N were 1.4, 1.7 , 1.9 and 1.9 kg seed
m

Results showed that maize plants irrigated daily with 90% of ETc had
the highest value of WP(1.8 kg m* ), while the lowest one resulted with 70%
of Etc. These findings could be attributed to the highly significant differences
among grain maize yield as well as differences between water consumptive
uses. The present results are in line with those reported by Ghadiri and
Majidian (2003), Abdel Mawly and Zanouny (2005), Yang et al., (2005) and
Abo-Omer (2006) who mentioned that the water productivity decreased as
the soil moisture was maintained high.

Table (8): Interaction between irrigation and nitrogen fertilizer levels on
Water productivity (WP) of maize, over both growing seasons

100% of ET. | 90% of ET. | 80% of ET. | 70% of ET. Mean
Zero N l4c l4c l4c l4c l4c
50 kg N 1.7b 1.8b 1.7b 16b 1.7b
100 kg N 19a 19a 19a 19a 19a
150 kg N 19a 19a 20a 20a 19a
Mean 1.725 1.750 1.750 1.725
Comparison LSD (5%)
In row 0.2629
In column 0.1032
CONCLUSION

Irrigation water and nitrogen had a positive effect on growth and yield
of Zea maize as it enhanced Zea maize production. According to the results,
we can recommend that under shortage of irrigation water, daily irrigation with
90% of ETc and fertilization with 150 kg N per feddan are the best conditions
for producing a good and high maize grain yield in sandy loam soils of Wady
Elnatroon region, Egypt and the same conditions.
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