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Abstract

This study aims to evaluate the effect of water stress on growth, nutrients
uptake and yield of maize grown under drip irrigation. For this purpose field ex-
periment in a randomized complete block design (RCBD) was carried out at the
Agricultural Experimental Station farm of the Faculty of Agriculture, Assiut
University, Egypt during the during the summer seasons of 2014 and 2015.
Maize plants were irrigated by 100 or 75% of water requirements (I, and I7s).

The obtained results of this study show that the irrigation of maize by I,
significantly (P<0.05) increased the plant growth. Uptake of N, P, and K by
maize irrigated by I,oo increased by 11, 7 and 16 % in the first season and by 13,
11 and 15% in the second season compared to that irrigated by I;s. Increasing the
irrigation level to 100% caused a 20 and 6% increase in the straw yield in the
first and second season, respectively, also it caused a 20% increase in the bio-
logical yield in the first season compared to I;5. The grain yield of maize irrigated
by 75 was higher by 5 and 10% in the first and second season, respectively, com-
pared to I;oo. Water use efficiency (WUE) was higher by 41and 56% in the first
and second season, respectively, in the case of I;5 compared to I;oo. The data of
the current study indicated that water stress caused a slightly reduction in the
straw and biological yield of maize, on the other hand it caused a slightly in-
crease in the grain yield.

From this study it recommended maize irrigated by 75% of water require-
ments was higher of grain yield than that received 100% of water requirements.

Keywords: Drip irrigation, Maize, Water stress, Nutrients uptake, Water Use Efficiency,
Yield

Introduction

It is well know that the water re-
sources in Egypt are limited to the
share of Egypt in the flow of the Nile
River by 55.5 billion m’. The deep
groundwater in the deserts (mostly
non-renewable) and a small amount
of rainfall in the northern coastal area
and Sinai. Meanwhile, water demand
is continually increasing due to popu-
lation growth, industrial development
and the increase of living standards.
Because of population growth, the
per capita share of water has dropped

dramatically to less than1000 (about
700) m’/capita, which, by interna-
tional standards, i1s considered the
"water poverty limit". The value may
even decrease to 584 m’ /capita in the
year 2025 (Abd El-Rahman, 2009).
Water is the main limiting factor on
yield production in the hot and dry
summer period of semiarid regions.
When water resources are a limiting
factor in yield production, irrigation
programs need to be applied to enable
maximum production per unit of irri-
gation water. Deficit irrigation is one
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way of maximizing water use effi-
ciency for higher yields per unit of
irrigation water applied (Bekele and
Tilahun, 2007). Water scarcity in the
next decades is a real threat to food
production especially in arid and
semi-arid areas where water is the
limiting factor in the expansion of
cultivated land. Therefore, water
management that maximize yield per
unit of water consumed by plant is
highly desired. In Egypt, limitation of
water resources coupled with high
population forced to a great competi-
tion for water supply that makes con-
servation and efficient use of water
obligatory (Ibrahim, 1999; Gaber,
2000). This has stimulated the re-
searchers to find new irrigation tech-
nologies, systems and irrigation
strategies to improve water use effi-
ciency. In modern irrigation systems,
especially under arid or semi-arid
conditions, water and nutrients are
supplied simultaneously (fertigation).
Under drip irrigation system water
and nutrients have been used in
highly efficient way.

Water stress (commonly known
as drought) can be defined as the ab-
sence of adequate moisture necessary
for normal plant grow and to com-
plete the life cycle (Zhu, 2002). The
lack of adequate moisture leading to
water stress 1S common occurrence in
rain fed areas, brought about by in-
frequent rains and poor irrigation
(Wang et al., 2005). Water deficits
affect every aspect of plant growth,
including the anatomy, morphology,
physiology and biochemistry. In
maize, the reduction in grain yield
caused by drought ranges from 10 to
76% depending on the severity of the
drought and the growth stage at
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which it occurs (Bolaocos et al,
1993).

Maize is one of the most impor-
tant cereal crops in the world. Mois-
ture stress is an important factor af-
fecting the growth of maize, espe-
cially in arid and semiarid regions
(Eissa et al., 2013). Maize has been
reported in the literature as having
high irrigation requirements and sen-
sitive to water stress (Rhoads and
Bennett 1990; Stone et al., 2001). In
arid and semi-arid regions, the daily
evapotranspiration rates of maize of-
ten exceed 10 mm day” for signifi-
cant time periods (Howell et al,
1995). Maize are crops with high wa-
ter requirements, have the ability to
tolerate a short period of drought.
However, water stress influences
various physiological and biochemi-
cal processes. This may inhibit plant
growth, decrease developmental ac-
tivities of the cells and tissues and
cause a variety of morphological,
physiological and biochemical modi-
fications. In contrast to other stress
factors, drought stress does not occur
abruptly, but develops slowly and in-
creases with time in intensity and
cause damages (Larcher, 2003).
Drought affects water and nutrient
supply to the plants thus affecting ad-
versely plant development and yield
(Jones and Qualset, 1984; Erdem et
al. 2001). Water, being a universal
solvent, 1s required for most of the
metabolic activities of a plant and its
shortage is expected to affect various
physiological and biochemical proc-
esses in plants. Maize is one of the
most important crops in the world
and using drip irrigation in its pro-
duction is commonly known. Irriga-
tion and fertilization are crucial fac-
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tors for successful establishment of
annual food crops such as cereal
crops (Eissa et. al, 2013; Konopka
et. al., 2009). Maize is a major cereal
crop in Egypt due to its importance in
human nutrition, animal and poultry
where intervention in the industry dry
feed rates of up to 70% and in the
baking industry by 20%, and also in-
tervened in some industries such as
extraction of glucose, fructose and
oil.

The present research aims to de-
termine the effect of water deficit
treatments on: (1) the plant growth,
(2) the N, P, and K uptake, (3) yield
and yield components and (4) water
use efficiency of maize in the semi-
arid conditions.

Materials and Methods
Field experiment

The present investigation was
carried out at the Agricultural Ex-
perimental Station farm of the Fac-
ulty of Agriculture, Assiut Univer-
sity, Egypt, which is located around
the point of 27°12 N latitude and 31°
09 E longitude and at 51 m altitude.
The soil was classified as TypicTorri
Fluvents according to Soil Taxonomy
(Soil Survey Staff, 2014). The main
physical and chemical properties are
summarized in Table 1. The experi-
ment included two irrigation regimes
(100% of water requirements and
75 %water requirements). The ex-
perimental design was randomized
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complete block design (RCBD) with
three replicates. The experimental site
was irrigated using a drip irrigation
system. The in-line GR dripper later-
als were installed 0.7 m apart. The
emitters were spaced 0.30 m apart
with a flow rate of 2.1 L h™'. Maize
grains (Zea mays L., cv Single Hy-
brid 10) at rates of 24 kg ha™' were
sown on the 14™ June, 2014 and the
13" June, 2015 in the first and second
season, respectively. Grains were
sown on one side of the dripper’s jet.
Two grains were drilled in holes 3-4
cm deep and at 30 cm distance be-
tween plants spacing along the drip
line and after 15 days the plants were
thinned at one plant per each. The
approximate plant population was
48000 plants per ha. All the agricul-
ture practices were applied at the rec-
ommendations set by the Ministry of
Agriculture and Land Reclamation
(Egypt). 630 kg urea (46%N) per hec-
tare was applied with the irrigation
water at five equal doses applied
weekly, started after 15 days of sow-
ing, 149 kg of calcium super phos-
phate (15.5% P,0Os) per hectare was
added directly to the soil in one dose
before planting. Potassium fertilizer
at a rate of 120 kg potassium sulphate
(48% K,0) per hectare was added
with the irrigation water in two equal
does after 37 days and 50 days of
planting to conserve it from teaching
fertilizer rates.
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Table 1. The main physical and
chemical soil properties (0-30
and 30-60 cm) of the tested soil.

Properties Unit | 030 |30-60

cm | cm

particle size distribution Sand (%) | (%) 24.1 | 24.3
Silt (%) (%) | 62.4 | 625
Clay (%) (%) 13.5 | 13.2
Silty | Silty
Textural grade Loam |Loam
Field capacity (v%) | 42.7 |42.5
Witling point (v%) | 21.1 |20.1
Bulk density (Mg/m’) | 1.29 | 1.30
CaCO; (%) 5.42 | 5.08
pH (1:2.5 suspension) - 7.54 | 7.78
EC (soil paste) (dSm™) | 0.99 |0.95
Organic matter (gkg™) | 2.41 |2.25
Total nitrogen (mgkg™ | 560 | 520
Available nitrogen (mgkg) | 67.2 1 62.4
Available Olsen P (mgkg ™) [ 11.78 [11.32
Available-K 258.11477.4

Each value represents a mean of three replicates

Calculation of irrigation water re-
quirements

The daily reference evapotran-
spiration (ET,) was estimated using
Penman—Monteith’s modified equa-
tion (Allen et al, 1998). The actual
evapotranspiration (ET.) was calcu-
lated according the equation (ET. =
ET, x K,). K, values used for maize
were 0.60, 0.83, 1.20, 0.90 for growth
stages initial, development, mid, and
end, respectively (Allen et al., 1998).
Based on the climate data in Table 2,
the ET, values for maize were calcu-
lated. The estimated ET, was 698 and

687 mm and the ET, was 645 and 634
mm in 2014 and 2015, respectively.
The total irrigation water requirement
during the whole growth season was
8344 and 8209 m’ ha ' in the first and
second season, respectively (the ap-
plication efficiency for drip irrigation
(Ea = 85%) and the leaching fraction
was considered as 10% of water re-
quirement). The irrigation treatments
started after 20 days of transplanting.
During the first 20 days (initial
stage), the maize plants were irrigated
according to the calculated irrigation
requirements, while in other stages
(development, mid, and end) the
plants irrigated by 100 or 75% of wa-
ter requirements. Water use effi-
ciency (WUE) was calculated using
the equation (WUE GY / ET.),
where GY equals grain yield, ET,
equals seasonal actual evapotranspi-
ration (mm). Irrigation water use effi-
ciency (IWUE) was estimated using
the formula (IWUE GY / 1IW),
where IW equals seasonal crop water
applied (mm). The data in table 3
show the actual evapotranspiration,
consumptive water use and irrigation
water applied at different maize
growth stages during the summer
seasons of 2014 and 2015.

Table 2. Average monthly maximum (T,.) and minimum (T,;,) temperature, relative
humidity (RH), wind speed (WS) and reference evapotranspiration (ET,) during

2014 and 2015 growing seasons.

Month Tomax Tmin RH (%) WS (km day ) ET, (mm)
June,2014 37.8 223 33.2 148.8 7.54
July,2014 383 23.6 32.0 153.6 7.66
August,2014 38.4 23.9 33.8 172.8 7.67
September,2014 35.8 22.1 33.6 189.6 6.87
October,2014 313 16.9 36.7 117.6 4.44
June,2015 36.6 213 37.4 156.3 743
July,2015 38.8 22.8 359 93.4 6.74
August,2015 403 24.8 38.6 100.8 6.71
September,2015 385 23.8 385 175.2 6.93
October,2015 33.0 19.5 513 195.6 535

Rainfall was 0 for the two growth season. Data were obtained from Assuit weather station ( Central Labo-

ratory for Agricultural Climate).
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Calculation of water consumptive
use (CU)

Actual evapotranspiration was
estimated by the sampling method
and calculated according to the fol-
lowing formula:

C.U = {D x Bd x (Q,-Q,)/100}/ P
Where:

C.U. = actual evapotranspiration
(cm).

D = soil depth (cm).

Bd = bulk density of soil
(Mg/m?).

P = water density (Mg/m’).

Q, = the percentage of soil
moisture one day after irrigation
(field capacity)

Q; = the percentage of soil

moisture before next irrigation.

Soil water content was moni-
tored before and after each irrigation
event starting 20 days after sowing at
soil depth intervals of 0-30 and 30—
60 cm. Soil samples were taken at
positions immediately under the drip-
pers by soil auger. The samples were
weighted and then oven dried
(105°C). Percentage of soil moisture
content at the tow depths was calcu-
lated on oven dry basis. The amount
of water consumed in each irrigation
treatment was obtained from the dif-
ference between soil moisture content
before the following irrigation and
one day after irrigation (field capac-
ity).

Collection of plant samples

Composite plant samples, each
consists of three plants, were taken
from each experimental unit after 60
days of planting. Plant height and
fresh weights were recorded. These
samples were cleaned, washed with
tap and distilled water, air dried, then
dried in oven at 70 °C until constant
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weight, ground and stored for chemi-
cal analysis. Maize plants were har-
vested on October 7™, 2014 and Oc-
tober 8“", 2015 in first and second
seasons respectively and the grain
and total yield were recorded. Also,
weights of ears, weight of grain per
ear and seed index (100 seeds) were
recorded grain and straw samples
from each experimental unit were
taken.
Soil and plant analysis

Composite soil sample was col-
lected before cultivation from the ar
(0- 30, 30- 60) cm. Air-dried,
crushed, and sieved through a 2-mm
sieve. Then, the main physical and
chemical properties of were deter-
mined according to Burt (2004). soil
bulk density was determined using
undisturbed soil samples of the dif-
ferent layers of the soil profile using
cylinder method (Klute, 1986). The
particle size distribution of soil sam-
ples was carried out according to the
international pipette method (Klute,
1986). Soil pH was measured in 1:2.5
soil to water suspension using a digi-
tal pH meter. The electrical conduc-
tivity of the saturated soil paste (EC,)
was estimated using the salt bridge
method (Rhoades, 1982). Organic
matter was determined wet oxidation
method by (K2Cr207 1N and H2SO4
conc.) and titrating with standardized
0.5 M [(NH4)2S04.FeSO4.6H20]
according to (Jackson, 1973). Total
calcium carbonate content was de-
termined using a collins calcimeter.
Available soil nitrogen was extracted
by 2 M potassium chloride, and then
nitrogen in the extract was deter-
mined using micro-kjeldahl method
Burt (2004). The soil available phos-
phorus was extracted using 0.5 M so-
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dium bicarbonate solution at pH 8.5
according to Olsen ef al. (1954). The
ratio of the soil to extract ant was
1:20and extract was filtered and
measured calorimetrically using stan-
nous chloride phosphomolybdic-
sulfuric acid system as describe by
(Jackson, 1973). Available potassium
was extracted by (ammonium acetate
IM at pH 7 ratio 1: 10) method and
measured by flame photome-
try(Jackson, 1973).

Plant samples were digested in
H,SO, and H,O, as described by

Parkinson and Allen (1975) then were
analyzed for N, P, and K as described
by Page et al. (1982).
Statistical analysis

Data obtained in each season
were statistically analyzed. Statistical
computer program MSTAT-C, Crop
& Soil Sciences Dept. Michigan State
University was used. Mean values
were compared for each other using
Duncan’s test at P<0.05. MSTAT
(1987) micro computer program.

Table 3. Daily reference evapotranspiration (ETy) (mm), actual evapotranspiration
(ET.) (mm), water consumptive use (CU) (mm) and irrigation water applied
(mm) at different maize growth stages during the summer seasons of 2014

and 2015
Growth stage
.. Development | Mid-season | Late-season Total
Initial stage
stage stage stage
Average
14 13 2Aug. | 12
June | June | 4duly- | 3duly | 0 | sept. | 11 Sept |14 June. | 13 June |of the two
to | to to © N iisept.| 10 | to 30';" lg’ “ ts" seasons
3 July | 2 July (é(‘]‘d“g) (;(‘]‘d“g') (0day) | Sept. | 10ct. | {50 d‘;"yt)' et ept.
(20day)|20day)| & ay (40day) | (20day) (110 day) (110 day)
2014 | 2015 | 2014 2015 2014 | 2015 | 2014 | 2015 2014 2015
ET, (mm) 137.50(137.10( 199.30 | 200.50 | 257.90 |257.90|103.05| 91..44 | 697.75 | 686.94 | 692.35
ET, (mm) 100% | 82.50 | 82.26 | 165.98 | 166.25 | 303.55 |303.55|92.75 | 82.29 | 644.77 | 634.35 | 639.56
. (mm
75% | 82.50 | 82.26 | 124.48 | 124.69 | 227.66 [227.66| 69.56 | 61.72 | 483.58 | 475.76 | 479.67
C.U) 100% | == === | 180.53 | 185.41 | 325.32 ({335.24|91.32 | 93.95 | 597.17 | 614.60 | 635.89
. mm
75% | == | === | 139.30 | 143.43 | 235.51 (240.12| 70.23 | 65.41 | 445.04 | 448.96 447.0
Applied | 100% |106.76{106.45| 214.79 | 215.14 | 392.83 |392.83(120.02| 106.50 | 834.41 | 820.92 | 827.67
irrigation
:vate;‘ 75% |106.76{106.45| 161.09 | 161.36 | 294.62 [294.62| 90.02 | 79.87 | 625.18 | 615.69 | 620.44
mm

Results and Discussion
1. Effect of water stress on the
growth of drip irrigated maize

The data in Fig. 1, 2, and 3
show the effect of the irrigation levels
on the growth of 60 days-old maize.
The irrigation of drip irrigated plants
by ljgo significantly (P<0.05) in-
creased the plant height and fresh and
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dry weights by 5, 12, and 3% in the
first season and by 6, 11, and 8% in
the second season compared to I7s. It
is clear that all the measured growth
characters negatively affected by the
lower water supply treatment as com-
pared with the normal water supply
treatment in both seasons. These re-
sults are in agreement with those ob-
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tained by Abd El-Hafez ef 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 in-
creasing in the availability of soil
moisture content. The availability of
water is an important factor in the
growth of maize plants. Maize is one
of the most efficient field crops in

producing higher dry matter per unit
quantity of water (Viswanatha et al.,
2002; Megyes et al., 2005). Meleha
(2006) reported that growth of maize
is highly related to irrigation depth
and it increases with increasing the
irrigation level. These results are in
harmony with those obtained by Abd
El-Hafez et al. (2008), Abdel Mak-
soud et al. (2008) and Kara and Biber
(2008).

plant hieght
(cm)

2014

plant hieght

a

B Normal
O Stress

2015

Fig. 1. Plant height of 60 days-old maize (cm) as affected by irrigation rates
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Fig. 2. Fresh weight (kg/ ha) of 60 days-old maize as affected by irrigation rate.
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Fig. 3. Dry weight (kg/ ha) of 60 days-old maize as affected by irrigation rate.
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2. Effect of water stress on the N, P,
and K uptake by drip irrigated
maize

Nitrogen (N), phosphorus (P),
and potassium (K) concentrations and
uptake by 60 days-old maize affected
significantly (P<0.05) by the irriga-
tion levels as shown in Table 4. In-
creasing the irrigation level to 100%
of water requirement increased the
uptake and concentrations of N, P,
and K in the shoot tissues of 60 days-
old maize. Nitrogen concentrations in
the shoots of maize irrigated by I
were higher by 22 and 4% than those
irrigated by I75 in the first and second
season, respectively. Phosphorus and
potassium concentrations in the
shoots of maize irrigated by ;oo were
higher by 16 % than those irrigated
by I;5 in the first season. Uptake of N,
P, and K by maize irrigated by I
increased by 11, 7 and 16% in the

first season and by 13, 11 and 15 %
in the second season compared to that
irrigated by I;s. The current study
clearly showed that water stress re-
duced the concentrations and uptake
of N, P, and K by drip irrigated
maize. From the previous results it
could be mentioned that the increase
of N, P and K% in maize plants may
be attributed to increasing of soil
moisture. As soil moisture content
increased solubility and mobility of
N, P and K are increased (El-Nagar,
2003; Othman-Sanaa et al, 2005;
Ibrahim and Kandil, 2007). Deficit
irrigation had a negative effect on N,
P, and K concentrations in the shoots
of maize plants. As a result of vegeta-
tive growth reduction, the absorption
of nutrient elements could be de-
creased (Pascale et al., 2001). Similar
results were obtained by Silber et al.
(2003).

Table 4. The concentrations N, P, and K (g kg_l) and uptake (kg ha™) by 60 days-
old maize as affected by the irrigation rates

2014 2015
Irrigation level N P K N P K
conc. | Uptake | conc. | Uptake | conc. | Uptake | conc. | Uptake | conc. | Uptake | conc. | Uptake
| T 25.30%| 86.16" |5.58*| 18.13% |22.97*| 75.99" |23.17a| 66.02% | 5.94%| 15.64* |23.11*| 66.01%
I 20.80°| 77.48° [5.15"] 17.01* | 18.93°] 65.40° [ 22.33%| 58.48° [5.48%] 15.61°* [21.91%] 57.14°

Means denoted by the same letter indicate no significant difference according to Duncan’s test at P<0.05

3. Effect of water stress on ears
weight, grains weight per ear,
and seed index of drip irri-
gated maize
The data in Table 5 show the

ears weight (EW), grains weight per

ear (GWE), and seed index (SI) of
drip irrigated maize as affected by the
irrigation treatments. In general the
irrigation treatments have significant
effects in the mentioned parameters.

The low level of irrigation (I75)

caused a 9 and 5 increases in the ears

weight (EW), grains weight per ear
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(GWE) in the first season and 7 and
10% in the second season compared
to the high level of irrigation (I).
Also the low level of irrigation (I7s)
caused a 8 and 10% decrease in the
seed index (SI) in the first and the
second season compared to the high
level of irrigation (I;o9). The current
study indicated that water stress in-
creased the ears weight (EW) and
grains weight per ear (GWE) of drip
irrigated maize. Our results were in
agreement with the results of Man-
souri-far et al. (2010). They reported
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that when the amount of water de- ported that the application of deficit
creased, the seed index was de- irrigation on maize at the flowering
creased. Also, Ogretir (1993) re- period decreased the seed index.

Table 5. Ears weight (EW), grains weight (GWE) per ear, and seed index (SI)
(gm.) of maize as affected by irrigation rates

Irrigation 2014 2015

level EW GWE SI EW GWE SI

Lioo 106.86° | 85.14° 28.77° | 104.87° | 72.00° | 27.97°

I7s 116.15° | 89.48° 2627° | 11242° | 79.46* | 2523
Means denoted by the same letter indicate no significant difference according to Duncan’s test at P<0.05
4. Effect of water stress on yield in the biological yield in the first sea-
and yield components of drip irri- son. The data of the current study in-
gated maize dicated that water stress caused a

The data in table 6 show the ef- slightly reduction in the straw and

fect of irrigation treatments on the biological yield of maize, on the other
yield of drip irrigated maize. Irriga- hand it caused a slightly increase in
tion treatments did not have any sig- the grain yield. These results are in
nificant effects on the biological yield agreement with those obtained Ham-
of maize in the two seasons. The irri- mad and Ali (2014) who studied the
gation treatments affected signifi- effect of irrigation treatments (irriga-
cantly on the grain and straw yield in tion after the depletion of 50 and 80%
the first season, but did not have any of available soil water) and they
significant effects on the second sea- found that increasing irrigation level
son. However, the grain yield of increased the plant highest and shoot
maize irrigated by I;s was higher by 5 dry mater biomass by 31 and 73%,
and 10% in the first and second sea- respectively. Increasing the plant
son, respectively, compared to Ijgo. highest and dry mater biomass will
Increasing the irrigation level to increase the straw yield rather than
100% of water requirements caused a grain yield. Our findings are in
20 and 6% increase in the straw yield agreement with Zhang and Oweis

in the first and second season, respec- (1999), Zhang et al. (1999) and
tively, also it caused a 20% increase Kanga et al. (2002).

Table 6. Grain (GY) straw (SY), and biological yield (BY) (kg ha ') of maize as
affected by irrigation rates.

Irrigation 2014 2015
level GY SY BY GY SY BY
Lo 8004° 25108° 33112° 6769 23127° 29896°
Is 8411° 21366° 27444° 7453% 21740° 29193°

Means denoted by the same letter indicate no significant difference according to Duncan’s test at P<0.05
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5. Effect of water stress on water
use efficiency of drip irrigated
maize

The data in Fig. 4 and 5 show
the water use efficiency (WUE) and
irrigation  water use  efficiency
(IWUE) of maize as affected by the
different irrigation levels. Irrigation
treatments affected significantly in
the WUE and IWUE in the two
growth seasons. WUE was higher by
4land 56% in the first and second
season, respectively, in the case of ;5
compared to I;oo. IWUE of the wheat
plants irrigated by I;s was higher by
41 and 40% in the first and second
season, respectively, compared to
I;0o. Under water stress water was
used efficiently more than normal ir-
rigation. The higher values of water
use efficiency observed under water
stress treatment as compared to nor-
mal irrigation was mainly due to less
water applied for these treatments and
the high obtained grain yield. These
results are in agreement with those
repents by Howell et al. (1995).
Zhang et al. (2004) reported that it is

feasible to reduce irrigation amount
in a certain growing stage of maize to
maximize the irrigation water produc-
tivity. Deficit irrigation is one of the
most important ways of maximizing
water use efficiency (Bekele and Ti-
lahun, 2007).
Conclusions

A field study for two years was
conducted to evaluate the response of
drip irrigated maize to water stress.
Increasing the irrigation water to
100% increased the plant growth, nu-
trients uptake, and biological yield of
maize. The grain yield of maize irri-
gated by 75% of water requirements
was higher by 5-10% than that re-
ceived 100% of water requirements.
Irrigation the drip irrigated maize by
100% of water requirements in-
creased the vegetative growth rather
and this increased the straw and lead
to a slightly reduction in the grain
yield. Under drip irrigation system
maize can be irrigated by only 75%
of water requirements without any
loss in the grain yield.
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