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Climate change effects increase the scarcity of irrigation water and deterioration of its
quality, which affects the crop water requirements. Researchers were studying the water
recycling technique and finding about other possible renewable water resources for
irrigation, they conclude that saline water can be used to meet part of the irrigation water
needs for many crops under special field management, because there are many crops have
a high tolerance to the salinity without decreasing in the yield. The current study aims to
evaluate the economic yield of saline drainage water in irrigation. A computer program
(Fuuat Ujaj) using Visual Basic language was constructed to use the largest possible
amount of drainage water for irrigation after removing the toxic effects and then
calculates the relative yield of the selected crops. The Main Outflow Drain (MOD) in
Iraq was selected as a saline water resource which has 4.63 dS m™ Electrical Conductivity
(EC). This saline water contained high concentrations of chlorine and sodium ions.
MFUP results showed that toxic effect of these ions can be removed by diluting with 35%
of the nearby river water. MFUP results showed that the crops with high and medium
tolerance to salinity give an acceptable yield ratio when they were irrigated with diluted
water (35%) to remove toxicity effects only, while the dilution increases for crops of
medium sensitivity, but the acceptable yield of sensitive crops is not achieved except with
fresh river water. If the crop production is lower than the economically acceptable limit,
another 5% of the river water will be added to mitigate, and the dilution process continues
until the percentage of the river water become 80% of the irrigation water. If the required
product is not achieved, then the program instructs to irrigate this crop with the river

water only.

1. INTRODUCTION

Due to climate changes and water scarcity, saline water will
be uses for irrigation purposes under especial conditions
according to crop water requirements [1]. Very sever
decreasing in water resources in quantity and deteriorated in
quality due to climate changes [2]. One of the main abiotic
restrictions on world food production are soil and water
salinity, and related issues are particularly important in semi-
arid and arid regions. Saline groundwater is frequently used
for irrigation in water-scarce areas, and drainage and waste
waters are recycled and used for irrigation as well. As a result,
there is a greater need for spreading knowledge of this problem
and for enhancing the management of waterways with poor
quality and soils damaged by salt. The use of saline drainage
water for irrigation has expanded due to the decrease and
contamination of freshwater [3, 4]. The salinity of the water is
expressed generally as electrical conductivity (EC) in ds/m or
total dissolved salts (TDS) as parts per million (PPM). If the
water salinity ranges from 2 — 10 ds/m, it is classified as
moderate saline water and can be used for irrigation under
controlled field management conditions [5, 6].

Developing countries that present the highest population
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growth rates, and often the high rates of soil degradation [7, §].
A strategy for enhancing land and water availability is the use
of salted soils and salted water, in a strategy designated as
saline agriculture or bio-saline agriculture [9, 10].

The saline water effects can be formulated as a matrix of
three columns of saline problems which are (osmotic,
infiltration, and toxicity of special ions), versus five rows of
field conditions which are (climate, crop tolerance, soil texture,
field management, and irrigation method). This matrix is
named as Saline Irrigation Water Matrix (SIWM) [9] (As
showing Table 1).

Table 1. Saline irrigation water matrix (SIWM) [11]

No Field Condition. Salinity problem

Osmotic Infiltration ~ Toxicity
©) 0 M
1 Climate (C) (CO) cn (CT)
2 Plant (P) (PO) (P1) (PT)
3 Soil texture (S) (SO) (sh (ST)
Field
4 Management (F) (FO) (FD) (FT)
5 Irrigation method (IMO) (IMI) (IMT)

(IM)
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The importance of expanding bio-saline agriculture is
increased due to population increasing and climate change
challenges.

This study aims to:

-Construct a computer program in order to maximize the use
of moderate saline water in irrigation according to the Saline
Irrigation Water Matrix (SIWM) in order to deal with all
possible conditions of saline water effects and the field
conditions.

‘Formulate an economic feasibility model to evaluate the
validity of using drainage water in irrigation.

‘Develop a new logical and mathematical model for
expanding using saline water and decreasing the gap between
water requirements and available suitable water for irrigation
purposes.

The whole structure of this research is summarized as:

a. The saline water resource.

b. The methodology of the model construction.

c. Economic feasibility of the model.

d. Results and discussion.

e. The main conclusions of the study.

2. THE SALINE WATER RESOURCE (MOD)

MOD collects water from the drainage network of
agricultural projects in the central and southern zones of Iraq
and transfers it to the Shatt al-Basra and then the Arabian Gulf,
Figure 1. About eight billion of moderate saline water flows
through MOD into the Arab Gulf. This grate drain is flows
from north to south between Tigress and Euphrates rivers until
crossing the Euphrates river near Aldiwaneea by a grate
culvert and pump station, then it flows to the left of Euphrates
until discharging into the Arabian-Gulf.
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Figure 1. MOD in Iraq [12]

2.1 Salinity

Figure 2 shows the monthly averages of the salt
concentrations for the period 2019-2021, the maximum
salinity is in Jun (5.06) dS m*'. While the minimum value is in
January (3.72) dS m™!, and the average of all months among
the period 2019-2012 is 4.63 dS m™'.
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Figure 2. MOF salinity average at station 510 km
2.2 MOD discharge
Figure 3 shows the discharge averages during the Periods
2019 to 2020. The maximum average discharge is 56.2 m?®sec”

!'in January while the minimum value is in August (32.3 m?
sec™h).
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Figure 3. MOF average discharge at station 510 km

3. METHODOLOGY

According to the Furat-Ujaj program that was built using Q-
basic [13], a new computer program was built using the Visual
Basic program with some moderations. Visual Basic is
selected because it provides a rich set of technical commands
and functions that will prove more than sufficient for solving
any engineering problems [14].

The program firstly removes the toxicity effects by using
freshwater resources, and then followed by dilution of the
saline water in order to reduce the osmotic potential. Figure 4
illustrates the schematic flowchart of the Modified Furat Ujaj
Model (MFUM). The program aims to deal with all expected
effects of saline water on crop production according to the
Saline Irrigation Water Matrix (SIWM) explained in Table 1.
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Figure 4. Flowchart of (MFUM)
3.1 Osmotic potential effects (O)

The osmotic effects are introduced as a linear relationship
between the water salinity and the relative yield.

The osmotic effects are introduced as a linear relationship
between the water salinity and the relative yield. Each crop is
defined by its threshold point (A) and the slope of the linear
relation between yield and salinity according to the studies [15,
16]:

YR%=100-B(EC—A) (1)
where, YR%: the relative yield of a crop; A: the threshold
point of the crop; B: amount of yield decreasing ratio followed
by increasing the salinity by 1 dS m'; EC.: the electrical
conductivity of the saturated soil extract.

The field conditions in SIWM are also included in this
equation by the values of A and B for crops and the other
conditions expressed for each planted land depend on soil
properties, irrigation methods, climate conditions and field
management.

3.2 Infiltration effects (I)

An increase in sodium ions can cause soil dispersion and
reduce the ability of the soil to infiltrate water through it. The
collected data in this study is in agreement with previous
studies that the SAR values in MOD are low, and there are no
infiltration problems [9]. Therefore, all Saline Irrigation Water
Matrix (SIWM) factors in Table 1 are not causing any problem
in this model.

3.3 Toxicity effects (T)

Some ions cause toxic problems if their concentration in
irrigation water are above certain limits .In this research, Table
2 shows the classification regarding the permissible limits for
the concentration of ions [14]. The following equation is
adopted in calculating the critical mix ratio to dilute the ion
effects [15].

953

Cp=[Cewxa]H[Cawx(1-a)] 2
where, Cg=Mix water concentration (me L' or mg L);
C.w=Irrigation canal water concentration (me L' or mg L");
Caw=Drainage water concentration (me L' or mg LV);
a=Dilution ratio.

After calculating the mix ratios for all problems, the highest
dilution ratio is selected and symbolized by (TMR) as an
abbreviation of the expression (Toxicity Mix Ratio).

Table 2. Water quality guidelines for crop production [17]

Irrigation The —
Problem Unit The limits
Slight to
None Moderate Severe
Toxicity
Sodium me/l <3 3-9 >9
Chloride me/l <4 4-10 > 10
Boron mg/l <0.7 0.7-3 >3
Nitrogen NO3 mg/l <5 5-30 > 30
Bicarbonate
(HCO3) me/l <1.5 1.5-8.5 >8.5
pH Allowable Range 6.5-8.4

3.4 Irrigation water resources

After calculating the dilution ratio, the program selects the
highest dilution and then reads the crop tolerance data. The
relative yield (YR) can be estimated by Eq. (1).

Table 3. Salt tolerance of crops [18]

Crop Threshold point (A) Slope (B) Rating
Barley 8.0 5.0 T
Alfalfa 2.0 7.3 MS
Peanut 1.7 21 S

Corn 1.7 12.0 MS
Onion 1.2 16.0 S
Carrot 1 14 S

Note: S: Sensitive crop; T: Tolerant crop; MS: Moderately Sensitive; MT:
Moderately Tolerant

Table 3 shows Salt tolerance of some crops. After
calculating Toxicity Mix Ratio (TMR), the program assuming
the leaching fraction (LF) equal to 0.25 according to the field
data, then calculates the soil water concentration factor (CF)
from the following equation [19]:

CF=(1+LF)/(3xLF) 3)

After the Concentration Factor (CF) is calculated from Eq.
(3), the salinity expressed as electrical conductivity of soil
extract (EC.) is calculated using Eq. (4), then the relative yield
(YR) is estimated from Eq. (1), and then the YR value is
evaluated if it is economically or not, an economical fracture
is introduced in this research as expressed later.

EC:=CFxECy “4
where, ECy=Electrical conductivity of irrigation water.

If YR is less than its acceptable value, the leaching fraction
(LF) is increased by a small amount (0.01) and then CF, ECe,
and YR are recalculated from Eq. (3), this iteration continued
until the YR value is greater than its critical value. The
maximum permissible value of the Leaching Fraction (LF) in



this research is 0.3. If the required crop yield is not achieved
with the maximum LF value, the program moves to the second
dilution stage to reduce the osmotic potential by increasing the
river water ratio in the mixture by another 5%.

There are three cases of water resources according to the
water salinity and crop tolerance as explained below:

(1) If an economical YR is achieved when controlling the
leaching requirements without the need to increase the river
water ratio, the program prints the name of the crop and its
irrigation water resources as Toxicity Mix Ratio (TMR). That
means the drainage water is diluted to remove toxicity only.

(2) For any crop for which the required yield is less than
economic value, another dilution ratio of 0.05 was added from
the river and it is called the Mix ratio (MR) to distinguish from
toxicity dilution. Then the program starts calculating the
concentration factor and productivity in the same way as
before. If the required production occurs, the program writes
the name of the crop and the source of the irrigation water that
will be in this case (MR).

(3) If the required product is not achieved despite reaching
the maximum dilution ratio (80% from the river), the program
instructs to irrigate the crops with river water only, so it writes
the source of irrigation River (R).

3.5 Economic feasibility

The use of the Modified Furat Ujaj Model (MFUM) to
expand the agricultural area by using saline water, is
accompanied by decreasing in crop productivity due to the
osmotic stress of the saline water.

Therefore, it is very necessary to compare the benefits of
exceeding irrigated areas with the production decreasing in
order to build an Economic Feasibility Factor (EFF). In this
model, the fresh irrigation water saved from river water can be
expressed as a model benefit, while the productivity decrease
is expressed as the cost.

The benefit that this model saved according to saving fresh
river water can be calculated as:

X=Sv*Pu (5)
where, X: The money that is saved by saving fresh river water
and replacing it with saline water, $/season; Sv: The volume
of saved fresh river water m3/season; Pu: Productivity of a unit
volume of irrigation water, $/m?>.

The crop yield decreasing (dYR) can be estimated as:

dYR=100-YR (6)
where, YR: Crop relative yield, %.

If the total yield is Y $/season, so the losses due to using
saline water (C) can be calculated:

C=dTR*Y (7)

Expressing the total yield without using saline water can be
estimated as:

Y=Tv*Pu ®)
where, Tv: Total volume of irrigation water without using
saline water. M3,

Substituting Eq. (8) into Eq. (7) and estimating the Benefit-
Cost ratio (B/C):
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B Sv * Pu

S 9)
¢ dYR«*TvxPu
For the unit volume of irrigation water, Tv=1, so:
B Sv
_—= (10)
c dYR

For the unit volume of the irrigation water, the saved
volume from river water equal to the saline water volume
taken from drain water can be calculated as:

Sv=1-Mr (11)
where, If Mr=80% that means 80% of irrigation water is from

river, So saved volume is 1- 0.8=0.2.
Substituting equation 11 into equation 10 and simplifying:

B 1-Mr

c  dYr

(12)

Economic Feasibility Factor (EFF), is a value of Benefit-
Cost Ratio when its value is greater than 1:
551
[

e-EFF =2+05 (13)

If §< 1 then the program indicates that there is no

economic feasibility of using saline water.

The salinity-sensitive crops give low values of the EFF, so
it was necessary to calculate this index for all crops that can be
grown in the particular project to determine the crops that give
acceptable values for this factor, which must be more than 1
for the profit to be greater than the loss [20, 21].

4. RESULTS AND DISCUSSIONS
4.1 Toxicity risk (T)

The concentration of each of these ions is greater than the
permissible limits, but the low concentration values of these
ions in the river water can be used to dilute them and make
them acceptable according to Eq. (1). Table 4 shows the
required dilution ratios for different ions of MOD at station
510 km, in which it is noted that the dilution ratio of sodium
was 0.3 and chloride was 0.35. The program chose the dilution
ratio for chloride because it is greater than the dilution required
to remove the toxicity of sodium. This means 35% of the
irrigation water should be taken from the river and 65% from
the drainage water.

Table 4. Toxicity dilution

Element Ca Cr  Problem Degree TMR
Na (meqg/l) 17.56 2.87 M 0.3
Cl (meg/l) 27.04 3.25 M 0.35
NOs(PPM) 1 021 N 0.0

PH 8.2 7.9 N 0.0

Note: M: Moderate problem; N: No problem.
4.2 Irrigation water resource

After calculating the dilution percentage and the electrical
conductivity of the diluted water, the program reads the crops



tolerance data represented by the threshold point and the
percentage of decrease in production, which were taken from
Table 3, then the subroutine (LF) calculates the concentration
factor (FC) by using Eq. (5) and then calculates the soil
saturation concentration (EC.) by using Eq. (7). Then it
determines the relative yield for the crop according to Eq. (4).
Then this product is compared with the minimum allowed,
which is determined by the type of crop and its Economic
Feasibility Factor (EEF).

To clarify the Program Mechanism, two crops were chosen
for different salinity tolerance Alfalfa and Peanut. Table 3
explains that Alfalfa is moderately sensitive (MS) and Peanut
is a sensitive crop (S). To estimate the relative yield of Alfalfa,
as the irrigation efficiency (Ea) is 65%, the minimum leaching
requirements are equal to 0.25. The concentration factor is
calculated from the Eq. (3):

CF=(1+0.25)/(3%0.25)=1.67

The MOD concentration of 4.63 dS m™!' at the Abu Graib
site decreases to 3.5 dS m™! when diluted by 35% from the river
to remove the toxicity effects. The concentration of soil extract
is calculated from Eq. (4):

EC.=1.67%3.5=5.845 dS m!

The percentage of production depends on salinity and type
of crop, where the salinity threshold for Alfalfa crop is 2 and
loses 7.3% of its production whenever the soil salinity
increased by 1 dS m! from the threshold point, the production
can be calculated by applying the Eq. (1):

YR=100 7.3%x(5.845-2)=71.93%

The economic feasibility factor (EFF) of the dilution
method by comparing the production with the least allowed,
which is calculated from the critical value of the guide
(imposed equal to 1.05). The EFF for Alfalfa is greater than
1.05 so it is suitable.

This production is still uneconomical so the program
increases the ratio of the water from the river by 5% until the
yield ratio is greater than the critical value, the water resource
in this case is printed as MR because of the dilution of the
toxicity ratio don’t enough to reach the suitable yield ratio.

The results of the program are shown in Table 5. The results
state that the peanut crop was irrigated with an extra dilution
(MR), which means that the subroutine (LF) reached its largest
value of 0.3 without achieving the required production. So
additional ratio from river water must be added, then the
water resource is MR, not TMR as Alfalfa.

Table 5. Results of the dilution program

Crop YR% MR EC. IWS
Barley 100 0.35 5.885 TMR
Alfalfa 71.64 035 5.885 TMR
Peanuts 53.107 04 4817 MR
Carrot 50496 0.451 4.536 MR
Onion  72.432 1 2.923 R

Corn 51964 035 5703 TMR

Table 6 shows the results of many crops of different
tolerance to salinity, it appears that the water resources varied
with respect to the plant tolerance. The sensitive crops were
irrigated directly from the river while other crops were given
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suitable yield ratios when irrigated with saline water of TMR
or MR dilution decreases.

These results differ from one project to another depending
on the concentrations of MOD water.

It is noticed in Table 6 that the productivity index value
increases with the increased production ratio.

Table 6. The EFF values for several crops

Crop YR % EFF IWS
Barley 99.9 6.49 TMR
Alfalfa 71.64 228 TMR

Corn 62.6 1.6 MIR
Peanut 6126 142 MR
Onion  92.16 0 R
Carrot  90.34 0 R

5. CONCLUSIONS

A computer program has been constructed in order to use
the largest possible amount of MOD water in irrigation after
removing the effects of toxic ions by diluting it with fresh
water, then calculate the relative yield of diluted water for
different crops, and compare them with a minimum acceptable
yield. The most important conclusions are:

(1) The salinity average of MOD for the period (2019-2021)
was 4.63 dS m™'.

(2) MOD water contains high concentrations of chlorine and
sodium ions. However, removing the toxicity of these ions can
be achieved by diluting with 35% of the nearby river water.

(3) Diluting drain water with river water with a ratio of 35%,
and using this diluted water to irrigate tolerant crops means
saving 65% of crop water requirements for these crops.

(4) (MFUP) results showed that the crops with high and
medium tolerance to salinity give an acceptable yield ratio
when they were irrigated with diluted water to remove toxicity
effects only, this result encouraged the farmer to expand using
saline drain water to irrigate tolerance crops as barley and
cotton.

(5) The crops of medium sensitivity also can be irrigated by
drainage water using additional fresh water to dilute the
salinity effects, but the acceptable yield of sensitive crops is
not achieved except with fresh river water.

(6) The values of the Economic Feasibility Factor (EFF),
which is introduced in this study, are increased with the
increased production ratio, so using saline water for tolerant
crop is the best economical evaluation results.
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