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This work aims to study the invasion of environmental pollutants from the irrigation
water to the soil. To achieve this goal, three irrigated areas (at the same Zane) were se-
lected. The first area is irrigated with fresh water; the second is irrigated with mixed
water while the third is irrigated with drainage water. The three areas are exposed to the
same climatic conditions. The crop pattern is similar for the three areas under study. The
study was extended to two cultivated seasons, summer season (maize crop) and winter
season (wheat crop). The farm management, which includes fertilizer application and
their doses, pesticides broadcasting, is the same for the three of area study. The results
of the study indicate that the fresh and mixed water were suitable for irrigating the dif-
ferent crops while the drainage water was suitable for irrigation of salt tolerant and semi
tolerant crops only. They also indicate that all trace metals and nutrients were within the
allowable limits except cadmium and copper. The average of total and fecal coli form in
the different irrigation water qualities violated the recommended maximum limits and
polluted these resources. The leaching process of salts took place for the different soils
irrigated with the irrigation water of different qualities. The correlation values between
the pollutants of irrigation water of different qualities with those of soil were significant
for some parameters, while the correlation values were not significant for others. The
correlations between the pollutants of irrigation water and those of plant differed from
pollutant to another; there was no clear trend for the leaching of the studied pollutants
with the irrigation water. The invasion of the different studied pollutants to the soil dif-
fered from one pollutant to another according to the solubility of pollutant in water, its
concentrations, its importance to plant and the up taking rate and its movement to the
drains with the drained water. The use of mixed or drainage water in irrigation causes a
lack of productivity as well as increased crop water requirements. Elongation period
between irrigations or adding small amount of irrigation water in each time would re-
duce crop productivity.

1. Introduction

Increased agricultural production has become an

Tremonds efforts should be implemented to over-
come shortage of water that facing Egypt at present.
So, water and soil become critical factors in crop pro-

urgent requirement of the expanding world population.
The government has adopted the horizontal expansion
of cultivated land as a major policy to increase produc-
tion to meet the needs of the increased population. De-
veloping industry, expanding agriculture and the
growing population in Egypt require continuously in-
creasing amounts of water.

* Corresponding authors.
E-mail address: khaledsha3pan54@gmail.com (Shaban Kh.M.)

https://azeng.journals.ekb.eg/article_308716.html

duction. Different ways have been proposed to achieve
effective irrigation management. Some of those are the
use of marginal quality water and irrigation scheduling
becomes necessity.

The use of saline water for irrigation has an envi-
ronmental advantage. It reduces the non-saline water
requirement for salt tolerant crops; it can utilize water
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of a wide range of quality. The suitability of irrigation
water mainly depends on the amounts and type of salts
present in water. The main soluble constituents are cal-
cium, magnesium, sodium as cations and chloride, sul-
phate, bicarbonate as anions. The other ions that are
present in minute quantities are boron, selenium, mo-
lybdenum, and fluorine which are harmful to animals
fed on plants grown with excess concentration of these
ions.

This study was focused on the role of the two fac-
tors of the use of marginal quality water and irrigation
scheduling as well as their impact on the production of
crops. Wheat and maize were chosen as winter and
summer crops, respectively.

The aim of the present investigation is to study
scheduling wheat and maize irrigation using marginal
quality water from different resources and their effects
on crop production, soil characteristics and environ-
mental conditions.

Specific objectives of this study were:

1. Analysis the different irrigation water and its effect
on soil physical, chemical, and biological properties.

2. Determining the soil water plant relations such as
crop evapotranspiration and crop water productivity
and water utilizations efficiency.

3. To find out the most suitable irrigation intervals un-
der different water resources to maximize crop pro-
duction with optimization of water and improving
the environmental conditions.

4. To evaluate the most important resources i.e., differ-
ent water qualities for increasing grain yield of wheat
and maize, respectively.

2. Materials and methods
2.1. The site description

This work aims to evaluate the impact of irrigation
water with different water qualities on the invasion of
the environmental pollutants from the irrigation water
to the soil and plant. In addition, the crop water relation
was identified using different irrigation qualities.

The area of this site is about 21 feddans with rectan-
gular shapes, since the type of soil is heavy clay with
low permeability; there is a little need for pipelines or
lined canals. The area of the site permitted the provision
of six plots for each water treatment replicate.

The irrigation water is pumped from Bahr Mouse
canal or Bahr Hadous drain to a field meska excavated
through the field to supply the required irrigation water
needed for each treatment. Twelve concrete junction
boxes were installed along the field.

The site was leveled to zero slopes using laser lev-
eler. The fields were plowed three times in opposite di-
rections with a mechanical tractor connected to a hoe.

Irrigation canal to distribute irrigation water into
each plot. Each junction box distributes water to two ad-
jacent plots and the irrigation water quantity is meas-
ured by a sharp crested weir. the freshwater treatment
is applied by pumping water from Bahr Mouse canal to
the field meska. Each replicate is irrigated individually
while all the other gates are closed. The second treat-
ment, which is mixed water and the last treatment,
which is the drainage water are irrigated directly from
Bahr Hadous Drain.

Three irrigated areas were selected for implement-
ing the study in three locations of Kafr Sakr district. At
Sharkia governorate. Three treatments of water irriga-
tion were arranged in a complete block design with
eight replicates.

Fig. 1 presents the layout of the main irrigation and
drainag system of Kafr Sakr district at Sharkia gover-
norate. The three locations which consider as treat-
ments arranged in a completed plot design with eight
replicates as Follows:

* The first treatment is irrigated with fresh water from
Bahr Mouse canal.

» The second treatment is irrigated with mixed water,
the mixing ratio is 1:1 (Drainage: fresh water). The
mixing process is done by using pipes and lifting
pumps.

* The third treatment is irrigated with drainage water
from Bahr Hadous Drain.

The soil texture of each area is clay and almost equal
to the others as presented in Table 1.

Table 1
Soil Texture of the Studied Areas.

o . o Soil

Irr. Water type Clay% Silt% Sand% texcture
Fresh 50.8 33.1 16.1 Clay
Mixed 51.2 32.0 16.8 Clay
Drainage 50.1 30.8 19.1 Clay

2.2. Experimental layout

The area under study belongs to the Drainage Re-
search Institute; the research program which is con-
ducted is followed during the study. The areas were
cultivated with maize crop during summer season and
wheat crop in winter season.

There were three treatments depending on the irri-
gation water qualities. The first treatment was the culti-
vated area irrigated with fresh water, the second was
the cultivated area irrigated with mixed water while the
third treatments was the cultivated area irrigated with
drainage water.

Each study area was divided into eight replicates to
help the conducting of suitable statistical analysis, as
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shown in Fig 2. The field investigation includes collect-
ing samples of soils, irrigation water and drainage wa-
ter, in addition to plant samples during the different
stages of plant growth for the two crops of maize as
summer crop and wheat as a winter crop.

All cultural practices were the same as recom-
mended for the area except the irrigation parameter un-
der study. These were the quantity of water applied
and irrigation scheduling. Sowing and harvest date for
maize 15/5 and 2/9, -2011, respectively. Whereas, for
wheat 15/ 11 and 29/4, - 2012, respectively.

To El Simbillawein
(12 km)

/ To Sadaga P.S.

To Kafr Sagr
(6 km)

Location sketch (not to scale)

Fig. 1. layout of irrigation and drainage main system.

Mix Water

Fraish Water

e Bahr Mouse —
Hanut
(p.s)
— Bahr Hadus -Dring
Dring Water

Fig 2. layout of field irrigation and drainage water and grid system.

2.3. Frequency of sampling

= Water samples were collected from the three types of
irrigation water during each irrigation interval.

* Drainage Water samples drained from the studied ar-
eas were also collected during each irrigation interval.

The entire water samples were collected by using a
sampler and preserved cool during transportation from
the field to the laboratory for conducting the different

analysis.

= Added to that the analysis conducted to the different
samples were judged and controlled by QA/QC sys-
tem.

2.4. Laboratory Analysis
2.4.1. Soil Samples

* Soil samples were collected three times before and
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after cultivation in summer and at the end of the win-
ter season according to the grid system (Fig.2). Crops
(maize and wheat) sampling were conducted during
different stages of establishment, midseason and be-
fore the harvesting time of maize and wheat.

2.4.2. Physical analysis

Particle size distribution using sodium hexameta-
phosphate as a dispersing agent according to methods
described by Page (1982).

The determination was conducted by using the hy-
drometer method.

2.4.3. Chemical analysis

Chemical analysis that include pH, EC, Cations,
and Anions, NO3, NH% and PO% and heavy metals
(Cd, Cu, Fe, Pb and Zn) were determined, according to
Page (1982).

The chemical Analysis of soil was conducted in soil
saturation extract.

2.4.4. Soil Reaction (pH)
The pH values were measured in soil extract (1: 2.5).
2.4.5. Electrical Conductivity (EC)

The electrical conductivity was determined by us-
ing a conductivity meter.

2.4.6. Soluble Cations
Sodium and Potassium

Sodium and potassium were determined in the soil
paste, by using the flame photometer.

Calcium plus Magnesium

Calcium (Ca*?) and the Magnesium (Mg*?) are
measured by volumetric titration with a standardized
solution of EDTA (0.01 N) (Ethylene Diamine Triacetate
acetic Acid).

2.4.7. Soluble Anions
Carbonate

Carbonate (CO-?) and bicarbonate (HCO?) are
measured volumetrically by titration.

Chloride

Chloride (CI') is measured by titration with a stand-
ard solution of silver nitrate (Ag NOs) (0.01 N or 0.05
N), in presence of an indicator potassium dichromate
(K2 Cr2 O7) (1%).

Sulfate

Sulfate was determined by calculating the differ-
ence between the summation of soluble cations (Na, K,
Mg and Ca) and soluble anions (Cl, HCOs and COs).

Nitrate and Ammonia

N-NOs and N-NHs4 were determined in soil extract
by using Kijldahl apparatus according to method of soil
analysis Page (1982).

Phosphate

Phosphate was determined in the soil extraction by
using the stannous chloride method.

2.5. Trace elements

Trace elements in soil were determined according
to method of soil analysis Page (1982), Cd, Cu, Fe, Pb
and Zn were determined in the soil digested by perchol-
eric acid and Nitric acid. The atomic absorption (Perkin
elemer 273) was used for the determination.

2.6. Water samples

The three types of irrigation water in addition to the
drained water from the soil samples were analysed ac-
cording to the standard methods for the following:

Soluble cationsi.e. Na, K, Ca, and Mg as well as sol-
uble anions i.e. Cl, HCOs, COs, and SOxa.

TDS as water salinity values were calculated from
the summations of soluble cations and soluble anions
calculated by milligrams per liter.

2.7. Plant Samples

Maize as a summer crop and wheat as winter crop,
were sampled. The samples were taken during the dif-
ferent growing stages till the harvesting time of each of
them (establishment, mid-season and harvesting).

The crop samples were analyzed for the following:

* Heavy Metals such as Cd, Cu, Fe, Pb and Zn.
= Nutrients such as N-NOs, N-NHas and POa.

2.8. Water relations and yield of both crops
2.8.1. Potential evapotranspiration (ETp)

The potential evapotranspiration “ETp” was esti-
mated using crop wat 4.3 model Smith (1991) by using
the available meteorological data of the study area (Ta-
ble2). The equation of the estimating (ETp) is:

ETO = E:Trad + ETaero

where: ET, is reference

(mm/day), ET,,q is racliation term in (mm/day), and

evapotranspiration in

ET,ero is aerodynamic term in (mm/day).

Crop Coefficient (Kc) for each crop obtained from
Doorenbos and kassam (1986) FAO paper No 33. Then
ET crop values estimated from:

ETerop = ET, X K¢
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where: ET.,, is estimated evapotranspiration in
ET, is

(mm/day), and K¢ is crop coefficient.

(mm/day), reference  evapotranspiration

2.8.2. Crop Water Productivity (CWP)

CWP (kg/m?) for each crop under different irriga-
tion quality determined by the following equation
(Smith 2002):

Yield (kg/feddan)

pP=
W Seasonal ET (m3/feddan)

Table 2
Normal climate and Eto (grass) Data for Sharkia.

Country: Egypt Station: Sharkia
Altitude: 13 meter (s) above M.S.L.

Longitude: 31. 30 Deg. (East)

2.8.3. Water utilization efficiency

Water utilization efficiency for maize or wheat were
calculated according to the relation: Jensen, M.E,,
(1983).

Maize or wheat yield (kg/feddan)

applied water for maize or wheat
(m3/feddan)

W.U..E =

Latitude: 30.33 Deg. (North)

Month Max

Wind

Temp Mini Temp Humidity Spd. Sunshine Solgr Rad. ETo
(deg. ) (deg. C) (%) (km/d) (Hours) (Mj/m2/d) (mm/d)

January 21.0 10.5 63.0 138.2 7.1 12.5 227
February 21.6 10.5 62.0 146.9 7.8 15.5 2.86
March 24.7 12.9 60.0 172.8 8.4 19.0 3.98
April 30.1 15.6 57.0 164.2 9.4 22.8 5.31
May 34.0 19.3 55.0 164.2 10.4 25.4 6.39
June 36.2 22.8 58.0 164.2 11.9 279 7.08
July 34.9 24.6 61.0 164.2 11.6 27.2 6.76
August 34.9 249 65.0 146.9 11.1 25.5 6.17
September 33.9 23.0 61.0 129.6 10.3 224 5.25
October 31.8 20.3 61.0 121.0 9.2 18.0 4.00
November 27.2 16.6 62.0 112.3 8.0 13.9 2.72
December 227 12.7 63.0 112.3 6.8 11.5 2.05
Average 29.4 17.8 60.7 144.7 9.3 20.1 4.57

2.9. Statistical Analysis

Statistical correlation analyses were conducted to
clear the significant impact of irrigation water with dif-
ferent qualities on soil, drained water and plant.

Linear Fitting curve in addition to the statistical cor-
relation were conducted to find out the relations be-
tween the different pollutants in irrigation water and
those in soil, plant and drained water to clear the inva-
sion of different pollutants from the irrigation water
with different qualities to the soil.

3. Results and discussions

4.1. Impact of using various water qualities on some
main crops under Sharkia Governorate conditions

4.1.1. Maize crop

Results as recorded in Fig. 1 indicate the impact of
various water qualities on productivity of maize grain

yield and its water requirements. Grain yield was in-
creased by using fresh water followed by mixed water.
While, drained water gave the lowest one. The reduc-
tion of maize yield under the use of mixed or drainage
water compared to fresh water reached about 9 and 18
%, respectively.

At the same time, water requirements were in-
creased using mixed or drainage water for irrigation by
2.8 and 6.4 %, respectively compared to fresh water.

In this connection Doorenbose and Kassam (1986)
(FAO No. 33) found that maize is moderately sensitive
to salinity. Yield decrease under increasing soil 1.7
mmbhos/ cm, 10 % at 2.5, 25 % at 3.8, 50 % at 5.9 and 100
% at ECe 10 mmhos/ cm.
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3500

3000 —~
2500 - I
2000 - I
1500 - e

Grain yield (kg/ fed) Water requirements (m3/
fed)
| OFreshwater O Mixed water 0O Drainage water |

Fig. 1. Maize grain yield and water requirements
under conditions of using various irrigation water
qualities.

4.1.2. Wheat crop

The same trend was found for wheat grain yield
and its water requirements (Fig. 2). Wheat yield de-
creased by 10 and 20 % for mixed and drainage water,
respectively compared to fresh water. As to water re-
quirement, it was increased by 2.8 and 6.4 % for the
same respective two irrigation treatments compared to
fresh irrigation water.

According to soil salinity, wheat is classified to be
salt tolerant (Maas and Hoffman, 1977; Katerji et al.,
2000). In the same context, Ben-Asher et al., 2006 a,b;
Ahmed et al. (2007) indicated that saline water has been
used successfully for agricultural irrigation.

3000

2500 u

2000 - —
1500 —
1000 - —

Grain yield (kg/ fed) Water requirements (m3/
fed)
| OFresh water [0 Mixed water [ Drainage water |

Fig. 2. wheat grain yield and water requirements un-
der conditions of using various irrigation water qual-
ities.

4.2. Management of field irrigation under conditions of
using various irrigation water qualities.

To increase crop productivity and crop water
productivity when different water qualities are used for
irrigation, a number of strategies have been proposed
to achieve these objectives. These strategies will deter-
mine the most appropriate time to irrigate and the ap-
propriate amount of irrigation water in each time.

4.2.1. Maize crop
4.2.1.1. Fixed interval days between irrigations

Results as presented in Fig. 3 clearly show that
shortening period between irrigations could be
achieved more yield as compared with elongation peri-
ods between irrigations. The highest grain yield was ob-
tained when applying irrigation every 10 days. Increas-
ing maize productivity has reached 7 and 20 % in com-
parison with the application of irrigation every 15 days
or 20 days respectively.

3500

3250
5 3000 ) —
§ 2750
g 20 )
=T 250 u =
'i 2000
£ 170 3’:
Q 1500 ,

10 days 15 days 20 days
Fixed interval days betweenirrigations
| 0O Fresh water O Mixed water O Drainage water |

Fig. 3. Impact of fixed interval days between irriga-
tions on maize grain yield under conditions of using
various irrigation water qualities.

Shortening interval days between irrigations would
lead to an increase in seasonal water requirements for
maize plants. Results as recorded in Fig. 4 indicate that
fixed intervals between irrigations every 10 days have
led to increased water requirements for maize plants of
about 6 % and 16 % as compared with fixed interval
days every 15 and 20 days, respectively.

3500

3250

3000

2750

2500
2250
2000

Waterrequirements (m3/ fed)

10 days 15 days
Fixed interval dys between irrigations

0O Mixed water

20 days

| O Fresh water 0O Drainage water |

Fig. 4. Impact of fixed interval days between irriga-
tions on maize water requirements under conditions
of using various irrigation water qualities.

With respect to impact of fixed interval days be-
tween irrigations on crop water productivity (CWP)
and water utilization efficiency (WUE), results as
shown in Fig. 5 illustrate that use of fresh water for irri-
gation has led to increased CWP and WUE compared
with other water qualities. On the other hand, the re-
sults showed that shortening the period between irriga-
tions would increase CWP and WU:E in comparison
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with the elongation periods. This may be due to a re-
duction in grain yield under elongation interval days
between irrigations.

140
5 120 ) —
: 1 1 .
B 100
: 1 1 -
> 0.80 - =
i
o
£ 060 - —
CWP | WULE CWP WULE CWP ‘ WULE
10 days 15 days 20 days
Fixed interval days
| OFresh water 0O Mixed water ODrainage water |

Fig. 5. Impact of fixed interval days between irriga-
tions on maize water relations under conditions of
using various irrigation water qualities.

4.2.1.2. Fixed interval days and fixed depths of irriga-
tion water (75 mm each)

Results as shown in Fig. 6 indicate that shortening
periods between irrigations with water amount 75 mm
in each irrigation led to the increased productivity of
maize crop compared to elongation periods with the
same amount of water (75 mm). The results added that
use of fresh water gave the highest yield followed by
mixed water under all irrigation interval days treat-
ments.

4000

3500

3000

2500

2000

1500 Bﬁﬁ
1000 L ‘ ‘ .

Grain yield (kg/ fed)

10 days 15 days 20 days
Fixed interval days betweenirrigations
| 0O Fresh water O Mixed water O Drainage water |

Fig. 6. Impact of fixed interval days and fixed depths
of irrigation water (75 mm each) on maize grain yield
under conditions of using various irrigation water
qualities.

Regarding the impacts on crop water requirements,
results as presented in Fig. 7 indicate that the highest
crop water requirement was obtained when drainage
water with irrigation application every 10 days was ap-
plied. However, the minimum one was registered for
fresh water with irrigation application every 20 days.

4000
3
= 3500
€
3 3000 =
§ 2500 S
g
'é‘ 2000 I
&
& 1500 —
I
@
= 1000 L
z Y T
10 days 15 days 20 days
Fixedinterval days betweenirrigations
| O Fresh water O Mixed water 0O Drainage water |

Fig. 7. Impact of fixed interval days and fixed depths
of irrigation water (75 mm each) on crop water re-
quirements under conditions of using various irriga-
tion water qualities.

In the same direction, results as shown in Fig. 8 re-
veal that use of mixed or drainage water for irrigation
resulted in reduce CWP and WULE specially under the
elongation periods between irrigations. The change
percent in CWP reached -9.1 % and -11.3 % resulted
from 75 mm mixed water or drainage water was ap-
plied, respectively compared with 75 mm fresh water.
However, the change percent in WULE reached -11.6
and -23.1 %, respectively.

150

]

=

3 —

[32]

E 1.00

o

3

-

= 0.50

K

=)

o0

= 0.00

CWP ‘ WULE CWP WULE CWP | WULE
10 days 15 days 20 days

Fixed interval days betweenirrigations

OMixed water

| O Fresh water O Drainage water |

Fig. 8. Impact of fixed interval days and fixed depths
of irrigation water (75 mm each) on crop water rela-
tions under conditions of using various irrigation wa-
ter qualities.

4.2.1.3. Fixed interval days and fixed depths of irriga-
tion water (50 mm each)

This strategy was suggested to study the effect of
reducing the amount of irrigation water (50 mm each)
on the productivity of maize crop under different irri-
gation periods (long and short periods). Results as rec-
orded in Fig. 9 indicate that maize grain yield was af-
fected by fixed interval days and fixed depths of irriga-
tion water (50 mm each). The highest value was 2649
kg/ fed resulted from 50 mm fresh water with irrigation
application every 10 days. While the lowest value was
1333 kg/ fed for 50 mm drainage water with irrigation
application every 20 days.
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From these results it can be concluded that under
conditions of water shortage in Egypt we must use
small amounts of irrigation water, as well as short inter-
val between irrigations.

3000
- =
E 2500
ES
=)
= 2000
2
=
= —
' 1500
-

1000 < ,

10 days 15 days 20 days
Fixedinterval days betweenirrigations
| OFresh water O Mixed water O Drainage water |

Fig. 9. Impact of fixed interval days and fixed depths
of irrigation water (50 mm each) on maize grain yield
under conditions of using various irrigation water
qualities.

In this connection Doorenbose and Kassam (1986)
(FAO No. 33) indicated that frequency and depth of ir-
rigation and rain has a pronounced effect on grain yield.
Maize appears relatively tolerant to water deficits dur-
ing the vegetative and ripening periods. The greatest
decrease in grain yields is caused by water deficits dur-
ing the flowering period including tasseling and silking
and pollination, due mainly to a reduction in grain
number per cob. This effect is less pronounced when in
the preceding vegetative period the plant has suffered
water deficits. Sever water deficits during the flowering
period particularly at the time of silking and pollination
may result in little or no grain yield due to silk drying.
Water deficits during the yield formation period may
lead to reduced yield due to a reduction in grain size.
Water deficit during the ripening period has little effect
on grain yield. In addition, they added that the effect of
limited water on maize grain yield is considerable and
careful control of frequency and depth of irrigation is
required to optimize yields under conditions of water
shortage. Where water supply is limited, it may there-
fore be advantageous to meet, as far as possible, full wa-
ter requirements (ETm) to achieve near maximum yield
from a limited acreage rather than to spread the limited
water over a larger acreage.

Regarding the impact of fixed interval days and
fixed depths of irrigation water (50 mm each) on maize
water requirements, results as presented in Fig. 10 illus-
trate that shortening the interval days between irriga-
tions with the use of a fixed amount of water in each
irrigation led to increased water requirements for maize
plants in comparison with elongation intervals. Results
added that using drainage water led to increased water

requirement compared with fresh water. The highest
value was 3110 m?/ fed registered for drainage water
with irrigation application every 10 days. However, the
lowest one was 2051 m?/ fed for fresh water with irriga-
tion application every 20 days.

3500

3000

2500

2000

1500

Water requirements (m3/ fed)

1000

10 days 15 days

Fixed interval days betweenirrigations

20 days

| O Fresh water O Mixed water O Drainage water |

Fig. 10. Impact of fixed interval days and fixed
depths of irrigation water (50 mm each) on crop wa-
ter requirements under conditions of using various
irrigation water qualities.

As to the impact of fixed interval days and fixed
depths of irrigation water (50 mm each) on CWP and
WULE, results as shown in Fig. 11 reveal that CWP and
WULE affected by fixed interval days and fixed depths
of irrigation water (50 mm each). The highest value was
1.21 kg / m? for 50 mm fresh water with irrigation appli-
cation every 10 days. The lowest value was 0.61 kg / m3
for 50 mm drainage water with irrigation application
every 20 days. From these results it can be concluded
that use fresh water for irrigation led to increased grain
production and reduced water consumption and water
requirement of maize plants and resulting in the in-
crease of CWP and WULE accordingly.

1.50

5 100

s

2

o

g 050

3

I

=

g 0.00

g

ol CWP | WULE CWP WULE cwp ‘ WULE
4

10 days 15 days 20 days
Fixed interval days betweenirrigations

| O Fresh water O Mixed water 0O Drainage water |

Fig. 11. Impact of fixed interval days and fixed
depths of irrigation water (50 mm each) on crop wa-
ter relations under conditions of using various irriga-
tion water qualities.

4.2.1.4. Optimum irrigation management can be recom-
mended for maize crop under the conditions of Sharkia
governorate using various irrigation water qualities.

To get the optimum yield and optimum return
from irrigation water unit, it should be added irrigation
water in the best time and appropriate amount in each
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irrigation. To achieve this goal, two scenarios are used
by CropWat model. These scenarios are:

» Application Timing: Irrigate when 100% of readily
soil moisture depletion occurs.

* Applications Depths: Refill to 100% of readily availa-
ble soil moisture.

Results as shown in Fig. 12 indicate that the opti-
mum amount of irrigation water under using fresh wa-
ter for irrigation could be arranged from first irrigation
up to last irrigation as follows: 202.7, 293.4, 365.7, 401.0,
408.8, 408.8, 418.3, 529.2 and 261.5 m%/ fed.

600.0
500.0

400.0 —

300.0 = —

200.0 1 —

100.0 1 — — —

00 AL EE ‘ ; L

Amountof irrigation water (m3I fed)

Date of irrigation

[ Mixed water

| [ Fresh water [ Drainaged water |

Fig. 12. Optimum amount of irrigation water in each
one for maize crop under Sharkia governorate condi-
tions using various irrigation water qualities.

With respect to mixed water, the same respective
amounts could be arranged as follows: 208.4, 301.7,
375.9,412.2,420.2, 420.2, 430.0, 544.0 and 268.8 m3/ fed.

Regarding drainage water, amounts of irrigation
water are: 215.7, 312.2, 389.1, 426.6, 435.0, 435.0, 445.1,
563.1 and 278.3 m?/ fed.

Seasonal water requirements for maize crop are
3289, 3382 and 3500 m3/ fed for fresh water, mixed water
and drainage water, respectively.

In addition, results as presented in Fig. 13 indicate
that the optimum interval days between irrigations
could be arranged from sowing till harvest as follows:
18,18, 12,10, 9, 9, 10, 14 and 10.

4.2.2. Wheat Crop
4.2.2.1. Fixed interval days between irrigations

Results as shown in Fig. 14 reveal that different ir-
rigation water quality has much impact on the produc-
tivity of wheat crop compared with the number of in-
terval days between irrigations. The results showed that
elongation periods between irrigations of 20 to 30 days
did not cause a reduction in wheat productivity under
the conditions of Sharkia governorate. The change per-
cent of wheat yield for mixed water or drainage water

compared to fresh water reached about -10 % and -20
%, respectively.

The crop is moderately tolerant to soil salinity but
the ECe should not exceed 4 mmhos/ cm in the upper
soil layer during germination. Yield decrease due to sa-
linity is 0 % at ECe 6.0, 10 % at 7.4, 25 % at 9.5, 50 % at
13 and 100 % at ECe 20 mmhos/ cm (FAO 33, 1986).
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Fig. 13. Optimum interval days between irrigations
for maize crop under Sharkia governorate conditions.

Water requirement of wheat plants increased with
the use of mixed or drainage water for irrigation. Re-
sults as found in Fig. 15 indicate that values of water
requirement for wheat crop were 2432, 2500, 2587 m?3/
fed for fresh water, mixed water, and drainage water,
respectively. There is no difference in water require-
ments for wheat crop with the interval days between ir-
rigations treatments under study.

3000 = =] —
% = = —
S 2500
g — =5
]
s 2000
=
£ 1500
-
V]

1000

20 days 25 days 30 days
Fixed interval days betweenirrigations
| 0O Fresh water OMixed water O Drainage water |

Fig. 14. Impact of fixed interval days between irriga-
tions on wheat grain yield under conditions of using
various irrigation water qualities.
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Fig. 15. Impact of fixed interval days between irriga-
tions on wheat water reuirements under conditions
of using various irrigation water qualities.

Regarding the impact of fixed interval days be-
tween irrigations on CWP and WUHE, results as shown
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in Fig. 16 illustrate that CWP increased by about 11 %
and 21 % for fresh water compared with CWP under
mixed or drainage water conditions, respectively. At
the same time, WUE increased by about 14 % and 33 %
for fresh water compared to the same respective irriga-
tion treatments. These results are full agreement with
those obtained by Mao et al. (2003); Panda et al. (2003);
Farré and Faci (2006). They indicated that an appropri-
ate deficit irrigation system with fresh water can in-
crease irrigation efficiency without significantly de-
creasing yield.

w200
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2 150 = == =
2
= 100
2
= 050
» 0.00
CWP | WULE CWP WULE CWP ‘ WULE
20 days 25 days 30 days
Fixed interval dys between irrigations
| 0O Fresh water OMixed water O Drainage water |

Fig. 16. Impact of fixed interval days between irriga-
tions on wheat water relations under conditions of
using various irrigation water qualities.

4.2.2.2. Fixed interval days and fixed depths of irriga-
tion water (75 mm each)

Results as shown in Fig. 17 reveal that elongation of
the period between irrigations with the application of
75 mm water amount every time resulted in few reduc-
tions in wheat yield compared with the short time be-
tween irrigations. The reduction of wheat yield reached
1.2 % with irrigation treatment every 30 days compared
with irrigation every 25 days or 20 days. The highest
value (3000 kg/ fed) is recorded with freshwater treat-
ment and application of irrigation every 20 or 25 days.
While the lowest value (2371 kg/ fed) was found with
drainage water treatment and application of irrigation
every 30 days.
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Fig. 17. Impact of fixed interval days and fixed
depths of irrigation water (75 mm each) on wheat
grain yield under conditions of using various irriga-
tion water qualities.

Concerning water requirements for wheat crop un-
der fixed interval days and fixed depths of irrigation
water (75 mm each) results as shown in Fig. 18 indicate
that elongation interval days between irrigations save
irrigation water about 2% compared with short inter-
vals. The highest water requirements were 2587 m3/ fed
found with drainage water treatment and application of
irrigation every 20 days while the lowest water require-
ments were 2383 m3/ fed registered with fresh water
and irrigation application every 30 days.

E 2600 — —
Rﬁ 2550
1 2500 = =
n;; 2450
2 2400
S 250
E
& 2300
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20 days 25 days 30 days
Fixed interval days betweenirrigations
| 0O Fresh water O Mixed water O Drainage water |

Fig. 18. Impact of fixed interval days and fixed
depths of irrigation water (75 mm each) on crop wa-
ter requirements under conditions of using various
irrigation water qualities.

Results as presented in Fig. 19 indicate the impact
of fixed interval days and fixed depths of irrigation wa-
ter (75 mm each) on crop water relations under condi-
tions of using various irrigation water qualities. There
is a slight increase in CWP and WUtE with treatment of
irrigation application every 30 days in comparison with
treatment of irrigation application every 25 days or 20
days. This increase can be attributed to saving 2% of ir-
rigation water with a slight decrease in wheat produc-
tivity.

2.00

150 —f 1 =) 1

1.00

0.50 hl:
0.00
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kg grain yield/m3 water

CWP ‘ WUIE | CWP ‘ WULE

20 days 25 days 30 days

Fixedinterval days betweenirrigations

O Mixed water

| O Fresh water O Drainage water |

Fig. 19. Impact of fixed interval days and fixed
depths of irrigation water (75 mm each) on crop wa-
ter relations under conditions of using various irriga-
tion water qualities.

4.2.2.3. Fixed interval days and fixed depths of irriga-
tion water (50 mm each)

There is a clear effect of the depth of irrigation wa-
ter on the productivity of wheat crop, especially under
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conditions of elongation interval between irrigations.
Results as recorded in Fig. 20 indicate that the highest
productivity of wheat under these conditions registered
with fresh water and irrigation application every 20
days, while the lowest one found with drainage water
and irrigation application every 30 days. The change
percent between the lowest values compared to the
highest one reached about -24 %.

There is saving irrigation water under conditions of
long intervals between irrigations compared with short
intervals. Results as recorded in Fig. 21 show that water
requirements for wheat crop decreased 4% and 8%
when applying irrigation every 25 days and every 30
days compared to apply irrigation every 20 days. In the
same direction, more saving of irrigation water was
found with the interaction between applying irrigation
every 30 days and using fresh water for irrigation.
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Fig. 20. Impact of fixed interval days and fixed depths
of irrigation water (50 mm each) on wheat grain yield
under conditions of using various irrigation water
qualities.
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Fig. 21. Impact of fixed interval days and fixed depths
of irrigation water (50 mm each) on crop water re-
quirements under conditions of using various irriga-
tion water qualities.

Regarding the impact of fixed interval days and
fixed depths of irrigation water (50 mm each) on CWP
and WULE, results as shown in Fig. 22 indicated that
CWP and WULE affected by fixed interval days and
fixed depths of irrigation water (50 mm each). The high-
est CWP was 1.70 kg grains / m? consumed water for 50
mm fresh water with irrigation application every 30
days. The lowest CWP was 1.32 kg grains / m? con-
sumed water for 50 mm drainage water with irrigation

application every 20 days. The change percent between
the highest and lowest values reached about 29 %. The
same trend was found for WUtE, the highest and lowest
values were 1.28 and 0.93 kg grains/ m? applied water,
respectively, and the change percent between them
reached about 38 %.
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Fig. 22. Impact of fixed interval days and fixed depths
of irrigation water (50 mm each) on crop water rela-
tions under conditions of using various irrigation wa-
ter qualities.

4.2.2.4. Optimum irrigation management can be recom-
mended for wheat crop under the conditions of Sharkia
governorate using various irrigation water qualities.

Results as recorded in Fig. 23 illustrated that the op-
timum amount of irrigation water under using fresh
water for irrigation could be arranged from first irriga-
tion up to last irrigation as follows: 100.2, 152.9, 345.0,
628.9, 784.0 and 420.0 m?/ fed.
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Fig. 23. Optimum amount of irrigation water in each
one for wheat crop under Sharkia governorate condi-
tions using various irrigation water qualities.

With respect to mixed water, the same respective
amounts could be arranged as follows: 103.0, 157.2,
354.6, 646.5, 806.0 and 431.8 m3/ fed.

Regarding drainage water, amounts of irrigation
water are: 106.7, 162.7, 367.0, 669.1, 834.2 and 446.9 m3/
fed.

Seasonal water requirements for wheat crop are
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2431, 2499 and 2587 m3/ fed for fresh water, mixed water
and drainage water, respectively.

In addition, results as presented in Fig. 24 indicate
that the best interval days between irrigations for wheat
from sowing till harvest is 30 days as this would save
irrigation water about 8% without a decrease in the
productivity of the crop.
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Fig. 24. Optimum irrigation interval days between ir-
rigations for wheat crop under Sharkia governorate
conditions.

In this connection, Jing JIANG et al (2013) con-
ducted two field experiments in 2008 and 2009 to study
the effects of deficit irrigation with saline water on
spring wheat growth and yield in an arid region of
Northwest China. Nine treatments included three salin-
ity levels s1, s2 and s3 (0.65, 3.2, and 6.1 dS/m) in com-
bination with three water levels w1, w2 and w3 (375,
300, and 225 mm). In 2008, for most treatments, deficit
irrigation showed adverse effects on wheat growth;
meanwhile, the effect of saline irrigation was not appar-
ent. In 2009, growth parameters of w1 treatments were
not always optimal under saline irrigation. At 3.2 and
6.1 dS/m in 2008, the highest yield was obtained by w1
treatments, however, in 2009, the weight of 1,000 grains
and wheat yield both followed the order w2 > w1 > w3.
In this study, spring wheat was sensitive to water defi-
cit, especially at the booting to grain-filling stages, but
was not significantly affected by saline irrigation and
the combination of the two factors. The results demon-
strated that 300-mm irrigation water with a salinity of
less than 3.2 dS/m is suitable for wheat fields in the
study area.

4. Conclusions

To encourage and increase investment in agricul-
tural areas should be better package recommendations
for each climatic zone to reach a higher return from the
land and water unit and the maximum economic re-
turn.

To achieve this objective, this study was conducted

in Sharkia governorate under the conditions of using
various water qualities. The results indicated that:

Using mixed or drainage water in irrigation causes
a lack of productivity as well as increased crop water
requirements. The reduction of maize yield under the
use of mixed or drainage water compared to fresh water
reached about 9 and 18 %, respectively. At the same
time, water requirements were increased by 2.8 and 6.4
%, respectively.

Regarding wheat crop, the productivity decreased
by 10 and 20 % and water requirements increased by 2.8
and 6.4 % for the same respective irrigation treatments
compared to fresh water.

An elongation period between irrigations or adding
small amount of irrigation water in each time would re-
duce crop productivity. To get the optimum yield and
optimum return from irrigation water unit, it should be
added irrigation water in the best time and appropriate
amount in each irrigation. This will preserve the physi-
cal and chemical properties of soil and its sustainability
and achieve the highest economic return.

The optimum interval days between irrigations for
maize crop could be arranged from sowing till harvest
as follows: 18, 18, 12, 10, 9, 9, 10, 14 and 10. The opti-
mum amount of irrigation water could be arranged
from first irrigation up to last irrigation as follows:
202.7, 293.4, 365.7, 401.0, 408.8, 408.8, 418.3, 529.2 and
261.5 m3/ fed when use fresh water for irrigation, 208.4,
301.7, 375.9, 412.2, 420.2, 420.2, 430.0, 544.0 and 268.8
m?/ fedfor using mixed water, and 215.7, 312.2, 389.1,
426.6, 435.0, 435.0, 445.1, 563.1 and 278.3 m3/ fed for us-
ing drainage water.

Regarding wheat crop, the best interval days be-
tween irrigations for wheat from sowing till harvest is
around 30 days as this would save irrigation water
about 8% without a marked decrease in the productiv-
ity of the crop.

The optimum amount of irrigation water could be
arranged from first irrigation up to last irrigation as fol-
lows: 100.2, 152.9, 345.0, 628.9, 784.0 and 420.0 m3/ fed-
when use fresh water for irrigation, 103.0, 157.2, 354.6,
646.5, 806.0 and 431.8 m3/ fed for using mixed water,
and 106.7, 162.7, 367.0, 669.1, 834.2 and 446.9 m3/ fed for
using drainage water.
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