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Abstract

A field experiment was conducted at the soil
research department station (Agricultural
Research Office), located in Abu Ghraib
district (20 kilometers west of Baghdad) during
the spring season for year (2016) to study the
effect of irrigation water quality of furrow
irrigation system on chemical and physical
properties of the Soil. The field study carried
out by using three types of saline irrigation
water: (tap water) with (0.6 ds/m), two wells
water with (3.0 ds/m) and (5.1 ds/m), and the
alternating irrigation method through the
continuation of irrigation to the end of the
agricultural season using one irrigate of tap
water followed by one irrigate of water well
with (5.1 ds/m). The results showed increasing
of ECs and SAR values if salinity water used
as (S, > S; > S;), respectively for the depths
(20-30, and 30-45¢cm) more than the depths (0-
10, and 10-20 cm) and decreasing of ECg and
SAR values at the depths (0-10, 10-20, and 20-
30 cm) when the tap water (S,) is used. Also,
increasing of the physical properties of the soil
when the irrigation used by tap water (S,),
and, decreasing of the physical properties of
the soil when the irrigation used by water
salinity (S, > S; > S;), respectively, at the
depth (15-30) more than the depth (0-15 cm).
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1. Introduction

The quality of irrigation water is the most
important factor in the soil sustainability and
production improving. In lIrag, irrigation
became more important in arid and semi-arid
areas because of inadequate quantity of rainfall
for crops growth, specifically, in the central
and southern parts of Irag due to high
evaporation values, which cause the loss of
most rainfall water. So, Iragq depends in
providing its food on irrigated agriculture.
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Saline irrigation water is considered one of the
alternatives to meet irrigation requirements of
agricultural because of significant shortage in
the amount of high quality water for
cultivation. Saline irrigation water considers as
the most dangerous sources of salinity in the
soil, as a result its contains a mixture of
naturally causing salts. The soil becomes
salinized when the salt concentration increased
in the root zone of optimum plant growth
(osmotic and specific toxic ions effects), the
plant yield is decreases, moreover, the soil
properties (physical, chemical, biological) are
deterioration.

2. Literature Review

Salinity irrigation water effects multiple
properties of the soil, where, it was observed
that, it is the electrical conductivity (ECy), it is
the chemical property affected most of soil by
saline irrigation water because of the salt
concentration in irrigation water is the main
factor and the specific of added salts amount to
the soil, which would be responsible for
determining salinity soil, where, it has
observed [1] that the increase in irrigation
water salinity (Abu Ghraib River water =1.4
dS/m, a mixture of river water with water well
=3.0 dS/m, and well water = 4.5 dS/m) led to a
significant increase in soil salinity rates (5.15,
6.34, and 8 dS/m), respectively, as well,
showed [2] that, electrical conductivity of soil
had been significantly increased (3.02, 3.67,
4.56 and 5.52 dS/m) for soil depth (0-20) cm,
and (3.44, 4.43, 5.56 and 6.40 dS/m) for depth
(20-40 cm), and (3.10, 3.35, 4.13 and 4.29
dS/m) for depth (40-60 cm), with increased of
irrigation water salinity levels (1.39, 4, 6 and
7.15 dS/m), respectively. As well, it was
observed that the ionic composition of
irrigation water can affect the concentration of
the ions prevailing in the soil solution
depending on the concentration of these ions in
the irrigation water, where, the use of water
with a high concentration of a calcium or
magnesium or sodium ions can lead to the rule
of this the ions on the exchange sites of soil
particles, thus, this causes increase or decrease
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of Sodium Adsorption Ratio (SAR) [3], where,
it has observed [1] that salinity irrigation water
(1.4, 3.0, and 4.5 dS/m) caused significant
increase of dissolved sodium ion (10.50, 15.94,
and 22.29 mmol/L), dissolved calcium ion
(11.26, 15.72, and 18.11 mmol/L), dissolved
magnesium ion (6.83, 9.39, and 12.27 mmol/
L), dissolved chloride ion (10.04, 13.76, and
16.58 mmol/L), sulfate ion (14.46, 18.77, and
27.84 mmol/L), and sodium adsorbed ratio
(SAR) (2.47, 3.18, and 3.99(mmol/L)/?), as
well, it has showed by [2], that, the values of
sodium adsorption ratio (SAR) had been
significantly increased (2.75, 4.40, 5.24 and
6.45 (mmol/L)*/?)) with increased of
irrigation water salinity levels (1.39, 4, 6 and
7.15 dS/m), respectively.

Also, salinity irrigation water has negative
effects on the physical properties of soil,
particularly, when the increase of sodium ion
in the irrigation water, which causes the
increase of the percentage of exchangeable
sodium in the soil, which in turn can exerts an
adverse effect on the physical properties of soil
through the occurrence of the dispersion and
swelling processes, particularly, when Ca?*ion
concentration in the soil solution decreases,
these processes works on the release of
individual soil particles from aggregates, and
the movement with the water down the soil
profile and deposition of the particles into soil
pores, thus, it causes plugging of soil pores,
reducing for each of porosity, hydraulic
conductivity(K,.), infiltration, and increasing
for each of surface crusting, soil erosion in
streams and waterlogging, in addition to,
increasing the bulk density of the soil [4],
therefore, it has observed through laboratory
experiment was carried out by [5] that, bulk
density was increased linearly as the salinity
level of irrigation water increased, while,
hydraulic conductivity (K;), and Mean weight
diameter (MWD) values were decreased as the
salinity of irrigation water increased, also, [6]
was observed that saline water only reduced
the mean weight dimeter significantly by
(42%) as compared with river water, as well,
he noted that there was no significant
difference in bulk density for (0-20) cm among
treatments, as well, showed [7] that saline
water caused significant decrease for hydraulic
conductivity about (14.8%) for (0-20)cm depth
as compared with river water.

There many of effective scientific ways for
using and management salinity irrigation
water, these ways reduce the accumulation of
salt in soil and it contribute to mitigate the
negative effects of saline irrigation water on
soil properties. Form these successful mothed,
it is alternating irrigation method through using
low salinity water alternating with the high
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salinity water, where, it was found [8] that all
each of MWD, saturated hydraulic
conductivity, and porosity decreased less
through alternate irrigation method (1.202 mm,
2.12 cm/hr, 0.511) compared with irrigation by
saline water (0.5 mm, 1.11 cm/hr, 0.508) also,
he observed that, the EC, and bulk density of
soil increased by saline water (4.82 dS/m, and
1.30 Mg /m3) more than alternate irrigation
method (3.86 dS/m, and 1.29 Mg /m3).

3. Experimental Work
The experimental work included the following

activities:

3.1. The Preparation of Field

A land plot with area (26 m x 26 m) is chosen
to conduct the field work. This land has been
plowed by the mold board plow, then the soil
is softened by disk harrows, and flooded with
water for purpose of salts leaching. It left for a
period of two weeks before plowing again.
Main furrows excavated by using furrows
machine, and radfiator machine to furrow and
divide the land into major sectors and plots.
The land divided into four major sectors with
dimensions for each sector of (4 m x 26 m) and
leaving a comma space between each two
sectors (2 m) in order to controll the movement
of water and salts between the sectors and
carry out irrigation operation, easily. Each
single sector was divided to four experimental
units  (replicates), the total number of
experimental units was 16 plots, the area of
each experimental unit was 16 m? (4 m x 4 m).
Canals were excavated with identifying the
plots by shoulders with height of (20 cm) to
ensure the homogeneity of the irrigation water
distribution.  The experimental unit (plot)
consists of five furrows and six terraces. The
distance between each two furrows (0.75 m)
and the length, width, and depth of each furrow
are (4, 0.5, and 0.2 m), respectively. The
furrows and terraces were arranged in
longitudinal direction of the field.

3.2. Experimental Scenarios

To simulate the effect of irrigation water
salinity on the soil properties, the following
scenarios are used:

A- Tap water (S,) (0.6 ds/m), B- Well Water
No.1 (S;) (3.0 ds/m), C- Well Water No.2 (S,)
(5.1 ds/m), and D- Alternating irrigation (Ss)
through using one irrigate of tap water
followed by one irrigate of well water No.2.
The total number of experimental units was 16
experimental units in four sectors, [(4 water
levels) x (4 replications)]. Table 1 illustrates
the used scenarios in the experiment. The
experimental data analyzed by using, variance
statistical analysis program (GenStat).
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Table 1 The experimental scenarios.

Scenarios | Code Details
Sl So The irrigation by tap water to the end of the season.
S2 S The irrigation by well water (No.1) to the end of the season.
83 S, The itrigation by well water (No.2) to the end of the season.
54 83 The alternating irrigation using tap water followed well water (No.2)
(50:52)

e

P L 57
Figure 1: The components o

3.3. Irrigation Aspects
A. Surface Irrigation System (Furrows):
Surface irrigation system (furrows) included
the following parts:

1- Plastic pipe for suppling the water to field
with entering control gate valve, 2- Discharge
Gauge (Flow Meter) to calculate the quantity
of water used in irrigation, and 3- Drain Pipe
to dispose the remaining water after each
irrigation process, and ensuring that the mixing
process is not occur with the water inflowed
seniors. Figure 1 shows the components of
furrows irrigation system.

o

f furrows irrigation system

B. Calculation of Crop Water
Requirements: The values for each of actual
evapotranspiration of the crop (ET,), and gross
irrigation requirement (IR;) when agriculture
of the maize crop as reference plant, it was
calculated according to the Equations 1 and 2,
respectively, [9 & 10]:
ET,=ET,xK, (1)

Where: ET, = Actual evapotranspiration of the
crop (L/T).

ET, = Reference evapotranspiration (L/T),
it has been estimated by using empirical
equation (Penman- Monteith)

K. =Crop coefficient.

ET,
Rg =%~ (P. +LR) (2)
Where: IR,
(mm/day).

ET, = Actual evapotranspiration of the

crop (L/T).

Water.
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P,= The effective rainfall (L/T).

LR Leaching requirement (L/T), (not
used leaching requirement during irrigation
process).

E,= Field application efficiency (irrigation

efficiency) (%).
C. Irrigation Scheduling: irrigation processes
are carryed out depending on attrition moisture
basis for the root zone depth when the moisture
depletion reaches 50% of available water
(initial moisture) through the using of the
gravimetric method and through follow-up
development of roots depth of the plants. It is
based on three stages (the beginning of
agriculture, the vegetative growth stage, and
the flowering stage until the end of the
physiological maturity stage). The calculation
of the added water depth to compensation
moisture depletion from the field capacity is
conducted by using the following Equation,
[11]:

d=(6pc—6,)xD (3)
Where: d= The added water depth (L).
Or.=The volumetric moisture content at
field capacity (%).
Op;= The volumetric moisture content
before the irrigation (%).
D = Soil depth required at the effective root
system (L).
And, for calculation the irrigation time, it is
depended on the volumes of added water and
the pump discharge according to the following
Equation:
= Axd

Q

4

Where:

t= Irrigation time (T).

A = Irrigated area (L?)

d= The added water depth (L).

Q= The discharge (pump discharge) (L3 /T).
3.4. Laboratory Work

It is included the implementation of the
following activities

A. Water Samples

The water samples are collected from the water
sources used in the irrigation process at the
field. The samples are analyzed at three-time
intervals (before planting, after one month of
the planting, and at the end of the agricultural
season)). Table 2 shows the chemical
characteristics of the types used irrigation
water.

= éross irrigation requirement Table 2 The Chemical Characteristics of Irrigation
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Well water (No.2) I Well water (No.1) 1 Municipal water Water source
Sampling intervals

June Apr Mar June | Apr Mar | June | Apr | Mar Chemical characteristics
7 18 74 74 13 73 75 | 745 72 pH
56 54 49 27 | 265 | 245 | 068 |063 | 065 (ECiu) (dS/m)
16.6 15 156 55 5.2 52 5 47 | 43 Calcium (Ca™)
214 188 193 12.5 112 124 32 28| 29 Magnesium (Mg*) v
239 221 236 | 1184 | 1126 | 114 19 19 17 Sodium (Na?) A
® | 21 | 284 | 14 | 42| 16 | 5 |52 46 Sulphates (507) | &
236 238 20.5 10 15 8 25 | 29| 25 Chlorides (€17) _%'(

1 12 08 1 08 1 08 | 06 | 065 Carbonates (CO:) ‘?
33 37 4.1 22 24 21 12 |15 ] 13 Bicarbonate (HCO3) i
745 83 763 53 36 56 28 3l 33 Nitrates (NO3 )(ppm) £
548 | 537 565 | 394 | 393 | 384 | 093 | 098 | 089 SAR (mmol/L)"/? '/gfu

B. Soil Samples

Before agricultural, representative soil samples
of the field (disturbed soil samples) were
collected from four depths (0-10, 10-20, 20-30,
and 30-45 cm) randomly at several points
distributed in the field through the selection of
eight points in the experiment site (Six points
surrounding the field, and two points inside the
field). Soil samples are taken by using Auger,
and dried aerobically, then grinded by a
wooden hammer to pass through (2 mm
diameter) sieve. Three composite samples are
chosen from each depth for the chemical
analysis. Also, undisturbed and disturbed soil
samples are taken from two depths (0-15, and
15-30 cm) at the same locations of the points
to determine the physical properties of the soil.
Tables 3, and 4 show the chemical and
physical characteristics of the field soil,
respectively, before agricultural. Figure 2
shows the chemical characteristics (ECg, and
SAR) of the field soil before agricultural. The
chemical and physical analysis of soil samples
were conducted from same depths at the end of
the agricultural season for knowing the
changes in the chemical properties, which
included (salinity (EC), sodicity (SAR) at
depths (0-10, 10-20, 20-30 and 30-45 cm) of
soil, Figures 3, and the physical properties,
which included (mean weight diameter
(MWD), saturated hydraulic conductivity
(Ksat), total porosity (f), and bulk density (pb))
at depths (0-15 and 15-30 c¢cm) of soil, Figures
4.

elSSN 2616-6909

30-45 20-30 10-20 0-10 Soil depths (cm)
Chemical characteristics

131 13 748 1.56 pH

442 3.65 3.36 3.21 (EC,) (d8/m)

16.5 124 12.6 123 Caleium (Ca?) v

1238 10.15 10.06 10.01 magnesium (Mg™) z

1145 10.73 10.23 102 Sodmm (Na*) s

8.2 8.8 79 6.7 Sulphates (505) s

219 20.6 115 118 Chlorides (CI7) =l
Nill Nill Nill Nill Carbonates (C0: %) 2.

25 23 22 19 Bicarbonate (HCOZ) z

3.01 320 3.04 3.05 SAR (mmal/L)*?

113 22 203 20.13 cation exchange capacity (CEC) (Meq/100gm

soil)

L7l 1.96 1.94 113 Organic matter (OM)

0.29 0.15 0.12 0.11 Gypsum (Ca50,) (%)
8.67 j] 20.83 2283 Lime (CaC0,)

732 8.83 10.71 9.08 Available phosphorus (P) -~
434 454.67 484.67 507.34 Available potassium(K) = Z
3 kR %0 313 Nitrates (NO,) | zEC
20 740 20 385 Ammonum (VH) | () | ~°

Table 4 The physical characteristics of the field soil before

agricultural.
30-45 20-30 10-20 0-10 Soil depths (cm)
Physical characteristics
7.6 8.0 10.0 7.6 Sand =
428 4.0 2.4 448 Silt é
49.6 480 476 476 Clay £
STt clay loam | SWt clay loam | SHtclay | SHE clay Teature 5
o
loam loam }
66.45 7516 6225 6524 0 »
4.772 2424 13.52 2546 0.33 % -
612 ITA0 7180 5202 1 EL
1873 18.68 1722 17.40 3 3 g
1509 16.5% 1553 1533 10 s 8
5313, 1373 6131 13.04 15 E =
1122 10351 51120 1242 Available Water (AW)
5.61 323 076 621 depletion (30 %) of AW
13-30 0-15 Soil depths
0.52 0.51 Mean Weight Diameter (MWD) (mum)
737 382 Hydraulic Conductivity (K gy (cm/hr)
136 133 Bulk Density (pb) (Mg/m’)
2.65 2.65 Particle density (Mg/m*)
0.486 0.498 Total Porosity ()
EC (dS/m) SAR (mmol/1)%0.5
0 2 3 H 3 305 31 315 32 325
L] 0
54 5
4 - 0 .
32 305
154 15
- . » .
336 85
Depth 5. Depth 5
(cm) (em)
50 \ 0 .
365 32
354 35
20 a0
as 4 \ asq®
o o1
442
50
s 4

A. The average values of
(ECs) in the soil
Figure 2: The average values of ECg and SAR of soil
before agriculture

Table 3 The chemical characteristics of the field soil before

agricultural.
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Depth
fcm)

0

EC {dS/m) SAR (mmol/L}"0.5
46 8 H [) 4 [}

12 0

A. The average
values of (ECg) in the

Depth
(em)

C. The average values
of (Ca®") in the soil

w 374
147 494
15
42
» 384
151 56
Depth 5
{em) 493
B an

146 697

“
5¢
965 45 61

2.35 8.3

s

B. The average values
(SAR) in the soil
soil

Mg (mmel/fL)

Ca (mmol/L)
0 » ] 01 A

0 5 3 N 3B

Depth
{em)

2311

D. The average values of
(Mg?*) in the soil

MNa (mimo /L)
20 30

o 10 50
o
s
1o
s 4
s0
20
Depth {
25
{cm} 51
30 33.69
53
3s
a0
54
as 44,79
s 4

E. The average values of (Na*) in the soil

Figure 3: The average values of the chemical

properties of soil after agriculture.

4. Results and Discussion

In terms of the effect of using saline irrigation
water on the chemical properties of the soil. It
is observed that, the soil salinity (ECg) and soil
sodicity (SAR) at the depths (0-10, 10-20, and
20-30 cm) gradually decreased to the lowest
possible values at the end of the agriculture
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season when the use of tap water (Sy) with
slightly increasing in ECgat the depth of (30-45
cm) (Figure 3-A, B) compared with the values
of ECg and SAR of soil before the agriculture
(Figure 2-A, B). The reason for this is due to
use furrow irrigation system which is
characterized by rapid moisturizing process
and its ability to leach the salts in larger
quantities from these depths. Particularly,
when low salinity water (tap water) used,
which causes increasing of calcium ion ratios
and decreasing sodium ion ratios in soil, as, it
contains a small percentage of sodium ion
versus a high percentage of calcium ion,
thereby, this causes the declination of SAR in
the soil, in addition to improving the hydraulic
properties of the soil.

At the same depths, it has been observed when
the use of water (S,) that the values of (ECg)
were larger than the values of (ECg) when the
use of water (S;,and S;) (Figure 3-A), as it
characterized by high salts concentrations
compared with the medium salinity water (S;)
or in case alternately irrigation method (S5).
Also, it has observed that the salts are collected
significantly in the depths (20-30, and 30-45
cm), especially, when irrigation by water (Ss)
due to the nature of the furrow irrigation
system to leach the salts from surface depths to
these depth, in addition to the rapid
moisturizing and drying processes which
caused internal air explosions in these depths
and the closure of soil pores and decline of
water conductivity, for this reason salts
concentrated and accumulated significantly in
these depths in larger quantities and decreasing
the leaching from these depths to the lower
depths.

The values of SAR at the depths (0-10, 10-20,
20-30, and 30-45 cm) with water (S,) were
more than the values when the use of water
(Sy,and S3), (figure 3-B), as, water (S;)
contains high proportions of sodium ion
compared with the calcium and magnesium
ions, this helped to increased its concentration
in the soil more than calcium ion and
magnesium ion, (Figure 3-C, D, E), thus the
sodic index of soil (SAR) is increasing, while,
it has observed that, the irrigation water (S;)
contains on proportions magnesium ion higher
somewhat than proportions ion sodium, and
alternately irrigation method (S;) contains also
on high levels of calcium ion through the
irrigation by tap water and high salinity water
(S,), this caused an increase concentrations
calcium and magnesium ions in soil compared
sodium ion and increase their impact in
competing with sodium ion on exchange
surface of soil particles (Figure 3-C, D, E),
thereby, reducing the effect of the sodium ion
and declining the values of sodic indicator
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(SAR). Also, it has observed the occurrence of
a sharp rise of SAR in the depth (30-45 cm),
especially, when irrigation by water (S;)
because rapid moisturizing process by furrow
irrigation system and leaching of the salts from
depths (0-30 cm) to this depth, especially,
sodium ion, in addition to, this depth contains
on high concentrations of sodium ion before
the agricultural.

In terms of the effect of saline irrigation water
on the physical properties of the soil and
through reviewing the linear equations and the
strength of correlation between values of EC,
and SAR with the physical properties (R-
squared value). At the depths (0-15, 15-30 cm),
it has observed when the use of tap water (S, )
that the physical characteristics increased
(Figure 4) compared with the physical
properties of the soil before planting (table 2)
due to using the tap water (S,), which is
characterized by low levels of salinity and it
contains on small concentration of sodium ion
and high concentration of calcium ion, this
helped on increases calcium ion ratios and
decreases sodium ion ratio, thus, improving the
hydraulic properties of the soil with the
declination of bulk density, (Figure 4- E, F).

At the depths same, it has observed that the
physical  characteristics values (MWD,
porosity, and hydraulic conductivity) were
smaller with water (S,) more than the values
when the use of water (S;,and S;), (figure4)
due to irrigation water (S,) contains high
proportions of sodium ion compared with the
calcium and magnesium ions, this helped to
increased its concentration in soil with
observation the decrease of the values was
larger in the depth (15-30 cm) because the high
efficiency of leaching sodium ion in the furrow
irrigation system from (0-15 cm) to this depth,
therefore, the deterioration of the soil
aggregates stability is happening and the
decline of physical characteristics values in
this depth was larger. This the deterioration
through dispersion and decrease of porosity
and hydraulic conductivity caused the increase
of bulk density also, (Figure 4- E, F).

Also, it has observed when using irrigation
water (S;) and the alternately irrigation method
(S3), that the values of (MWD, porosity, and
hydraulic conductivity), respectively, were
more than the values when irrigation by water
(S,) for the depths (0-15, and 15-30 cm),
respectively, (Figure 4) due to the irrigation
water (S;) contains high levels of magnesium
ion, and, the alternately irrigation method (S5)
by each of municipal water and high salinity
water contains on high levels of calcium, this
caused an increase their concentrations in soil
compared sodium ion, thereby, reducing the
effect of the sodium ion and the deterioration

of physical characteristics in

compared with (S,).
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Figure. 4 The average values of the physical properties of soil

after agriculture.
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5. Conclusions
From the results and the dissection, the points
following can be concluded: -

1- Both of ECg and SAR values are
increased by increasing the depth form (10 to
45 cm) for irrigation scenarios (S;, S,, and Ss).

2- Both of ECg and SAR values are
decreased at the depths (0-10, 10-20, and 20-
30 cm) the tap water (' S,) is used.

3- All of MWD, porosity, and hydraulic
conductivity are decreased, while, the bulk
density is increased by increasing the depths
form (10 to 30 cm) for irrigation scenarios
(S4,S,,and S3).

4- All of MWD, porosity, and hydraulic
conductivity are increased, while, the bulk
density is decreased by increasing the depths
form (10 to 30 cm) for irrigation scenario ( Sy).
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