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The use of salt water for irrigation purposes has become widespread in the last fifty years, 

as it is available in many countries. The use of saline water as drainage water and saline 

groundwater is increasing because of climate change effects on both the quantity and 

quality of irrigation water, especially in arid and semi-arid areas. This research examined 

the effect of effective rainfall and leaching fraction on the productivity of four strategic 

crops when irrigated with medium salinity water from two different sources, groundwater 

was approved from two wells with a salt concentration of 5.43 dS m-1, and 8.39 dS m-1. 

Understanding the relationship between saline water use and relative yield under various 

field conditions of climate change, like effective rainfall ratio and leaching fraction, is 

very important to expand using saline water and decrease the water gap between demand 

and available water resources. A computer program was built to estimate the productivity 

of wheat, barley, maize, and cotton when irrigated by each of the two water sources 

mentioned under three values of leaching fraction and four ratios of effective rainfall. It 

was noticed that crop productivity is associated with a linear relationship with rainfall 

ratios, and nonlinear relationships with leaching fraction, as climate changes affects both 

the rainfall depth and the water quality, these relationships of crop yield must be taken 

into consideration for managing the agriculture projects in arid zones. 
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1. INTRODUCTION

In arid and semi-arid zones, most water resources suffer 

from decreasing quantities and deterioration in their quality 

because of climate change and environmental pollution 

associated with continuous industrial and agricultural 

expansion. The water gap between demand and available fresh 

water is expanding [1]. 

The arid and semi-arid zones are suffering from severe 

climate change effects, decreasing renewable water resources 

and deterioration in its quality. Despite the significant 

expansion in the use of moderate saline water in irrigation in 

the last five decades [2], nevertheless, However, field 

management of industrial water still requires more research to 

reduce the risk of soil being affected by salinity, which costs 

humanity so much [3, 4]. 

The plants are varied in their salinity tolerance. All plants 

are affected by the osmotic potential in salinity degree named 

threshold point, these threshold points are varied from 1 dS/m 

for sensitive plants to more than 8 dS/m for high tolerant plants 

[5, 6]. The crops differed in salinity tolerance, and the lowest 

relative yield is economically acceptable when its yield is 50% 

of the greatest yield under the same conditions [7, 8]. 

Climate change has made its effects felt in different ways 

all over the world after the Industrial Revolution, it was stated 

that the world's average temperature has increased by 1.1℃ 

since this revolution. Climate change is sometimes felt through 

heavy rains and storms, sometimes causing serious production 

losses through long-term droughts. in the summer months, 

increasing temperatures, decreasing or absent precipitation, 

low relative humidity, and strong wind speed increase plant 

water consumption. For this reason, in most semi-arid regions, 

crop production cannot be carried out without irrigation during 

the summer months [9]. 

According to the climate changes, the water gap between 

demand and available water is expanded, and then many 

programs are introduced to increase using saline water in 

irrigation [10]. Dual Irrigation Technology (DIT) has been 

introduced, which divides the irrigation process into two 

stages, in the first stage the field is supplied with saline water 

to complete the advance face of surface irrigation, and then the 

field is irrigated by fresh water to complete the irrigation water 

requirements, and to reduce the impact of the salinity on the 

soil by forcing a saline water to move downward according to 

piston flow condition [11]. High frequency irrigation systems 

line trickle irrigation and sprinkler irrigation will be used to 

improve the irrigation efficiency and decreasing water losses 

[12, 13]. Summer and winter crops were selected in this model, 

leaching fraction (LF) values of 0.1 to 0.3 were used according 

to FAO criteria [3]. The water gap between rainfall and 

evaporation losses was increased according to climate 

changes, Table 1 explains that the ratio of the annually 
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evaporation losses to the annually rainfall depth is increased 

from 12 to 19 in the last 50 years due to climate changes effects 

in arid-zone (Rutbah city in Iraq). Also, this table explains that 

the annually rainfall depth is about 10% of the summer crops 

and about 30% to 50% of some winter crops [14]. 

The current research aims to study the effect of both 

effective rainfall and leaching requirements on crop 

production by using saline irrigation water, increasing both 

rainfall and leaching requirements reduces soil salinity, then 

increases production according to the linear relationship 

between crop yield and the salinity developed by Maas and 

Hoffman [16]. 

 
Table 1. Annually average rainfall and evaporation at Rutba-

Iraq, 1971-2010 

 
Parameter Rainfall, mm Evaporation, mm 

Jan. 22.7 55.6 

Feb. 21.2 81.6 

Mar. 24.6 122 

Apr. 23.9 202 

May. 7.2 296 

Jun. 0.01 378 

Jul. 0.0 420.7 

Aug. 0.0 402 

Sep. 0.01 354 

Oct. 6.7 234 

Nov. 13.0 116 

Dec. 23.0 61.3 

Summation 143.3 2722.9 

 

Previous studies don’t discuss the effective rainfall with 

various Leaching Requirements (LR) on crop production, 

since these studies didn’t explain these very important climate 

and field conditions, this research dealt with proving these 

relationships and interpreting them mathematically, by 

building a computer program that calculates the production of 

four strategic crops, namely wheat, barley, cotton, and corn, 

which are irrigated with two different irrigation water salinity 

under various rainy conditions and different field management 

by choosing appropriate LR values. To reach optimal 

management of the use of alternative water resources and 

coexistence with the increasing shortage in freshwater 

resources due to the climate changes associated with 

agricultural and industrial expansion in the world. 

The four selected crops mentioned differ in salinity 

tolerance, barley and cotton classified as salt-tolerant, wheat 

classified as medium tolerance to salinity, and maize being 

moderately salt-sensitive [17]. 

The irrigation water in this study is a groundwater pumped 

from two wells with a salt concentration of 5.43 dS m-1, and 

8.39 dS m-1. This is a theoretical study by building a computer 

program. 

 

 

2. THE RESEARCH THEORY 

 

It was assumed that the salinity of the water used for 

irrigation throughout the season can be calculated from the 

above equation as a weighted average of the salinity of 

irrigation water diluted with rainwater. Since there are summer 

rains in some countries, such as Yemen, effective rainfall has 

been calculated for summer crops as well (maize and cotton) 

and zero rainfall ratios have been adopted as one of the 

possible alternatives to represent the general conditions of 

summer crops in the region. Nevertheless, the percentages of 

zero, 10%, 30%, and 50% for active rainfall, these ratios were 

proposed according to the rainfall data of a period 1971-2010 

(Table 1). The options for Leaching Requirements (LR) have 

adopted ratios of 0.1, 0.2, and 0.3 for each of the four crops 

mentioned. This represents the ratio of the depth of leaching 

water to the depth of irrigation water calculated based on the 

plant water consumption, as the leaching requirement 

expressed as a ratio, it also defined as Leachlin Fraction (LF) 

[18]. The crop yield is related to an inverse linear relationship 

with the salinity of the saturated paste of the soil, as explained 

in Eq. (2) [10]. 

 
𝑌𝑅 = 100 − 𝑏(𝐸𝐶𝑒-𝑎)…..𝑖𝑓 𝐸𝐶𝑒 > 𝑎 (1) 

 
𝑌𝑅 = 100 𝑖𝑓 𝐸𝐶𝑒 < 𝑎 (2) 

 
YR: the relative yield (%). 

b: the regression of the linear relationship between yield and 

irrigation water salinity. 

a: salinity threshold value dS/m. 

The salinity of the soil-saturated paste was calculated by 

using Eq. (3) [3]. 

 
𝐿𝑅 = 𝐸𝐶𝑤\(5𝐸𝐶𝑒 − 𝐸𝐶𝑤) (3) 

 
LR: Leaching Requirements (%). 

ECe: electrical conductivity of saturated soil past, dS m-1. 

The salinity of saturated soil paste was calculated from Eq. 

(3) for the different leaching treatment cases for both wells 

(5.43 dS m-1, and 8.39 dS m-1). 

A computer program based on the linear relationship 

between crop yield and salinity was built. The rainwater was 

considered saline-free, and thus Eq. (4) was formulated to 

calculate the salinity of the final irrigation water assumed at 

the end of the agricultural season. 

 
𝐸𝐶𝑏 = 𝐸𝐶𝑤 ∗ (1 − 𝑅𝐹𝑒) (4) 

 
ECw, ECb: the electrical conductivity of irrigation water and 

rainfall diluted water, respectively, dS m-1. 

RFe: the effective rainfall ratio, as a percentage of irrigation 

requirements. 

 

 

3. RESULTS AND DISCUSSION 

 
The economically acceptable yield rate in irrigated 

agriculture is 50% or more of the maximum yield according to 

FAO standards [3]. Table 1 shows the relative yield values of 

the four crops irrigated with the water of both wells and the 

results of this table will be discussed as follows: 

A- Crop Relative Yield (YR) of the different program 

treatments. 

B- The relationship between Relative Yield (YR and 

effective rainfall (RFe). 

C- The relationship between Relative Yield (YR and 

Leaching Fraction (LF). 

A- Crop Relative Yield (YR) of the different program 

Tables 2 and 3 show that the use of water from the first well 

(W1) and second well (W2) in irrigation resulted in yield at 

economically acceptable ratios for both wheat and barley at 

leaching requirements of (0.2) even when there is no effective 
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rainfall, the relative yield in this case is 66% for wheat and 86 

for barley. These economical values were not achieved at 

leaching requirements of (0.1) except when active rainfall is 

available by half of the wheat water requirements, the relative 

yield value is 72%. As barley is more tolerant than wheat, it 

will add an economical relative yield under leaching 

requirements 0.1 with effective rainfall by 10% of its annual 

water requirements, the relative yield is 50%. For summer 

crops, maize and cotton, it is noticed the effect of the large 

variation in their salt tolerance on the relative yield under the 

same rainy conditions and for equal leaching requirements, 

where salt-tolerant cotton is located to a medium degree 

between wheat and barley, as it achieves acceptable yield at 

the minimum leaching requirement at the availability of 

effective rainfall to about 10% for well 1 (W1), the relative 

yield is 47% and its value raised to 68% under rainfall ratio 

30% of its annual water requirements. In the absence of rain at 

appropriate active depths, the percentage of leaching 

requirements must be raised to 0.2 of the irrigation water 

requirements. The relative yield values are 84% and 53% for 

well 1 (W1) and W2 respectively. 

 
Table 2. The relative yield as affected by leaching 

requirements and effective rainfall for the well W1 

 

Crop 
Leaching Fraction 

(LF) 

Active Rainfall Ratio (RFe %) 

0 10 30 50 

Wheat 

0.1 1 15 44 72 

0.2 66 73 89 100 

0.3 78 92 100 100 

Barley 

0.1 40 50 70 90 

0.2 86 91 100 100 

0.3 100 100 100 100 

Cotton 

0.1 37 47 68 88 

0.2 84 89 100 100 

0.3 99 100 100 100 

Maize 

0.1 0 0 0 1 

0.2 0 3 29 55 

0.3 26 36 55 73 

 
Table 3. The relative yield as affected by leaching 

requirements and effective rainfall for the well W2 

 

Crop 
Leaching Fraction 

(LF) 

Active Rainfall Ratio (RFe %) 

0 10 30 50 

Wheat 

0.1 0 0 0 33 

0.2 23 35 59 83 

0.3 56 65 82 100 

Barley 

0.1 0 1 32 63 

0.2 56 64 81 98 

0.3 79 85 98 100 

Cotton 

0.1 0 0 31 60 

0.2 53 61 80 96 

0.3 77 83 96 100 

Maize 

0.1 0 0 0 0 

0.2 0 0 0 0 

0.3 0 0 19 48 

 

For the maize crop, which is classified as a medium salinity 

sensitive crop, it is noticed that the water of the first well used 

in its irrigation is not valid except when there is active rainfall 

of not less than 30% of the annual water requirements with 

leaching requirements of 0.3. If rain is available by 50% of the 

maize needs, the leaching requirements necessary to achieve 

economic yield are reduced to only 0.2. The second well (W2) 

doesn’t reach an economical yield even if the maximum values 

of LR and Re are used. These results will encourage framers 

to use saline water of about 5dS/m (as the first well W1) to 

irrigate a wide range of crops sensitivity, use the high saline 

water (8Ds/m like W2) only for tolerance crops like barely, 

cotton and wheat. 

B- Relative yield and rainfall relation 

The relationship between relative yield and effective 

rainfall is drawn from Table 1 data. Figure 1 shows the linear 

relationship of barley yield when irrigated from the water of 

the second well (W2). According to Eq. (3), the relative yield 

values of 100% are excluded from the drawing because these 

percentages are not real but they are greater than 100. The 

linear relationship in Eq. (3) determined the relative yield 

values when the soil past salinity is less than the threshold 

value of a given crop, so the relative yield values of 100% will 

be neglected from the drawing of the different production 

relations shown in Figures 1 and 2. 

When observing the decline of linear relationships between 

yield and effective rainfall ratio in Figure 1, it is found that 

there is an inverse nonlinear relationship between the slope of 

these relationships and the leaching fraction, where the slope 

of that linear relationship decreases with the increase in 

leaching values, the steepest slop is with lowest leaching value 

(0.1). Figure 2 explains this linear relation for tolerant crops, 

wheat, barley and cotton, as the wheat is less tolerance than 

barley and cotton, the yield for wheat is the lowest at the same 

ratios of rainfall ratios, consequently, the effect of effective 

rainfall of different leaching treatments on the crop yield 

decreases as effective rainfall rates increase.  

Figure 3 and Figure 4 explain the nonlinear inverse 

relationship between the relative yield and leaching 

requirement, this figure shows that the effect of leaching on 

the crop yield decreases with effective rainfall, as increased 

rainfall contributes to improved soil conditions. In both cases, 

the correlation values with yield ratios are very high, (R2 

values are about 1) as shown in Figures 1, 2 and 3. 

 

 
 

Figure 1. The relative yield (YR) verses effective rainfall 

ratio (RFe) for barely crop irrigated from second well for 

different LF values [19] 
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Figure 2. The linewr relation between YR and RFe for 

tollerant cropes (wheat, barley and cotton) 

 

 
 

Figure 3. The relationship between yield (YR) and Leaching 

Requirements (LR) for cotton crops irrigated from the second 

well for two scenarios of effective rainfall ratios 

 

 
 

Figure 4. The relation between YR and LR for all RFe ratios 

(0, 10, 30 and 50%) 

Table 4. Relative yield (YR) of the four crops for different 

active rainfall ratio (RFe) coefficients (0-30)% at irrigation 

from the first well (W1) and the regression of the linear 

relationship (m) between yield and active rainfall ratio 

 

Crop 

Leaching 

Fraction 

LF 

Active Rainfall Ratio (RFe %) 

0 10 30 

RY,1 R RY,1 R RY,1 R 

Wheat 

0.1 1 14\10 15 29\20 44 28\20 

0.2 66 7\10 73 11\20 89 11\20 

0.3 87 5\10 92  100  

Barley 

0.1 40 10\10 50 20\20 70 20\20 

0.2 86 5\10 91  100  

0.3 100  100  100  

Cotton 

0.1 37 10\10 47 21\20 68 20\20 

0.2 84 5\10 89 11\20 100  

0.3 99  100  100  

Corn 

0.1 0  0  0  

0.2 0  3 26\20 29 26\20 

0.3 26 10\10 36 19\20 55 18\20 

 

Table 2 and Table 3 show the decline of linear relationships 

between yield and active rainfall percentage when irrigating 

with the water of the first well and the second well respectively. 

Where the regression is calculated from the result of dividing 

the change in yield by the change in the active rainfall ratio, 

for example, in the first line of Table 4, the regression is 

calculated by subtracting yield at active rains equal to zero of 

yield at 10% rain and dividing the result by the increase in the 

active rainfall percentage of 10%, and Eq. (5) below shows the 

calculation of regression: 

 

R= d YR\d RFe (5) 

 

R: Regression of the linear relationship between yield and 

active rainfall ratio. 

d YR, d RFe: variation in relative yield and variation in 

leaching requirements and variation respectively. 

The yield values of 0% were neglected as well as the yield 

of 100% of the calculations, where the first digit does not mean 

that there is yield, while 100% means that the linear 

relationship between yield and salinity may give a value 

greater than 100%, but Eq. (3) modified the result. For the 

same reason, the yield values of 100% are excluded from the 

relationship graph in Figures 1 and 2. 

In Tables 4 and 5, it is noticed that the relationship 

regression for all leaching requirements for the given crop is 

stable with merging and possibly matching to the slopes of that 

relationship for crops with close salt tolerance such as barley 

and cotton at all the leaching requirements that have been 

selected and for both types of water used from the two wells. 

It is also noticed that the decline of this relationship decreases 

as the leaching requirements increase and that this decrease is 

non-linear. For example, the slope in Table 5 for barley and 

cotton decreases from 20/31 at leaching requirements of 0.1 to 

20/17 at leaching requirements of 0.2, then decreases to 20/13 

at leaching requirements of 0.3, and so on for wheat and corn 

in Tables 4 and 5. 

A significant decrease in the regression of the relationship 

is observed at the first increase in the leaching requirements 

(by 0.1) followed by a smaller decrease when the leaching 

requirements are increased by the same percentage and for all 

the experiment treatments. 

These results help decision makers to select the areas that 

can be irrigated by saline water, and to select the crops that can 

give economical relative yield (YR) according the water 
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quality and the rainfall depth. 
 

Table 5. Relative yield of the four crops for the different 

active rainfall ratio (RFe) treatments (10-50)% when 

irrigating from the second well (W2), and the regression of 

linear relationships (m) between yield and active rainfall ratio 
 

Crop 

Leaching 

Fraction 

LF 

Active Rainfall Ratio (RFe %) 

10 30 50 

R RY,2 R RY,2 R RY,2 

Wheat 

0.1  0  0  33 

0.2 12\10 35 24\20 59 24\20 83 

0.3 9\10 65 17\20 82 18\20 100 

Barley 

0.1  1 31\20 32 31\20 63 

0.2 9\10 64 17\20 81 17\20 98 

0.3 6\10 85 13\20 98  100 

Cotton 

0.1  0  31 32\20 60 

0.2  61  80 17\20 96 

0.3 6\10 83 13\20 96  100 

Corn 

0.1  0  0  0 

0.2  0  0  0 

0.3  0  19 29\20 48 

 

C- Relative yield and leaching requirement Relation 

The relationship between relative yield and Leaching 

Requirement (LR): Figure 2 shows the nonlinear relationship 

between yield and leaching requirement drawn from data in 

Table 2 for cotton crops when irrigated with water from the 

second well (W2), although the increase in both rainfall and 

leaching contributes to reducing soil salinity and improving 

yield according to a linear relationship between yield and 

salinity, but this improvement in yield was greater when 

leaching fraction increased with a nonlinear relationship needs 

to be explained. This nonlinear relationship will be discussed 

in this article by trying to solve Eqs. (1) to (3) instantaneously 

by substituting its values (EC) in Eq. (4) with its equivalent 

from Eq. (3) after simplifying it to the formula below: 

 

𝐸𝐶𝑒 = 𝐸𝐶𝑤(1 + 𝐿𝑅)\(5 ∗ 𝐿𝑅) (6) 

 

When expressing the regression of the linear relationship 

between yield and salinity, as shown in Figure 2 in the 

following mathematical formula: 

 

b = dYR\𝑑𝐸𝐶𝑒 (7) 

 

When substituting Eqs. (6) and (7) into Eq. (2) and 

simplification, we get: 

 

YR = 100 − [𝑑𝑌𝑅\𝑑𝐸𝐶𝑒]
∗ {[𝐸𝐶𝑤(1 + 𝐿𝑅)\5 ∗ 𝐿𝑅] − 𝑎} 

(8) 

 

It is known that there is an approximate linear relationship 

between the salinity of irrigation water and the salinity of the 

extract of saturated soil paste. Tanwar [20] expressed this 

relationship in the mathematical formula shown in Eq. (9), 

when considering the distribution of soil water consumption 

as 10, 20, 30, and 40 of the four quadrants of the soil profile 

depth respectively: 

 

𝐸𝐶𝑒 = 1.5𝐸𝐶𝑤 (9) 

 

Therefore, this relationship can be expressed for different 

field management formulas by the following equation: 

 

𝐸𝐶𝑤 = 𝐶1𝐸𝐶𝑒 (10) 

C1 is a constant equal to 1.5 if the distribution of water 

consumption from soil depth is adopted in the above 

proportions. The threshold of salinity susceptibility a can also 

be expressed in the form below: 

 

𝑎 = 𝐶2𝐸𝐶𝑒 (11) 

 

𝐶2 = 1…………….𝐸𝐶𝑒 = 𝑎 

𝐶2 > 1…………….𝐸𝐶𝑒 < 𝑎 

0 < 𝐶2 < 1…………….𝐸𝐶𝑒 > 𝑎 

Substituting Eqs. (10) and (11) into Eq. (8) gives the 

following relationship: 

 

YR = 100 − [𝑑𝑌𝑅\𝑑𝐸𝐶𝑒]
∗ {[𝐶1𝐸𝐶𝑒(1 + 𝐿𝑅)\5 ∗ 𝐿𝑅]
− 𝐶2𝐸𝐶𝑒} 

(12) 

 

Simplifying the above equation gives us the following 

formula: 

 

YR = 100 − 𝑑𝑌𝑅[𝐸𝐶𝑒\𝑑𝐸𝐶𝑒] {[𝐶3(1 + 𝐿𝑅)\𝐿𝑅]
− 𝐶2} 

(13) 

 

Thus, Eq. (13) explains the theoretical basis of the non-

linear relationship between relative yield and leaching fraction, 

which is shown in Figure 2 for the cotton crop irrigated with 

the water of the second well for two rainfall ratios of 10% and 

30%. 

It is also noticed that the curves of nonlinear relationships 

between the leaching fraction and yield in Figure 2 join from 

each other whenever the leaching fraction is increases, as the 

difference in relative yield using the two different sources 

decreases with the increase in leaching fraction, meaning that 

the impact of leaching on yield decreases with increasing 

leaching fraction, which needs for thinking about the 

possibility of an optimal leaching factor that achieves optimal 

yield per unit volume of water [21]. 

 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

 

This research dealt with the study of the climate changes 

effects on water quantity and quality. The decreasing in 

rainfall quantities is expressed in this study as a ratio of rainfall 

to the crop water requirements, the effect of both rainfall and 

leaching requirements on the yield of crops irrigated by 

moderate saline water that pumped from two wells, the salinity 

of the first well is 5.42 dS m-1, while the salinity of the second 

well is 8.39 dS m-1. A computer program was built to calculate 

the yield of four strategic crops for four effective rainfall rates 

and three values of leaching requirements. It was found that 

this water can be used to irrigate tolerant crops (barley and 

cotton) with high relative yield values. The most important 

conclusions are: 

1- The climate changes affect both the rainfall depth 

and the water quality so it is very important to take 

this relation into account. 

2- There is a linear relation between the leaching 

requirement and the crop relative yield. 

3-  Nonlinear relation between crop yield and the 

effective rainfall depth.  

4- The increase in yield caused by increased leaching 

fraction is much greater than the increase in yield 

associated with increased rainfall. 
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5-  When observing the column of wheat in Table 1 at 

an active rainfall of 10%, it is noticed that the 

increase in leaching from 0.1 to 0.3 was 

accompanied by an increase in relative yield from 

15% to 92%, i.e. yield increased about six times, 

while it is noticed in the line of the same crop (wheat) 

that the increase in effective rainfall at the same rate 

as the increase in leaching (from 10% to 30%) 

resulted in an increase in yield from 15% to 44%, so 

it has only tripled but remained below the 

economically acceptable 50% of the maximum yield. 

This conclusion can be seen for other treatments and 

for all crops as presented in Tables 2 and 3. 

6- Understanding the relationship between saline water 

use and relative yield under various field conditions 

of climate change, like effective rainfall ratio and 

leaching fraction, is very important to expand using 

saline water and decrease the water gap between 

demand and available water resources. 

This paper recommends to expanding field studies in using 

saline water to irrigate a wide range of crops (varied salinity 

tolerance) and for long periods of time to observe the steady 

state salinity effects on soil and crops. 
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