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ABSTRACT 
 

Mixing of saltwater and freshwater is one method of reducing the salt concentration through dilution. 
However the blending has to be regulated in order to meet the crop tolerance and leaching requirements. 
Biological salinity tolerance for crop irrigation, livestock, drinking water, and aquaculture should be fulfilled by 
improving the technique to supply the needed water. Hence, there is a need for an automated water blending 
system such that the least amount of freshwater will be required for the various users based on their salinity 
tolerance. The laboratory experiments were conducted at Lab. of ESNR Dept., King Faisal University (KFU), 
KSA. We can summarize the results as following: According to the values of the cations and anions. The two 
water treatments method under study Proportional Integral Derivative (PID) and Fuzzy Logic Control (FLC), 
could be ranked in the following ascending order: Fuzzy Logic < PID. According to the values of the characters 
Electric Conductivity (EC) (dS/m), Total dissolved salts (TDS) (ppm) and pH, the two water treatments by 
mixture method under study could be ranked in the following ascending order Fuzzy Logic < PID. In respect of 
the values of the cations, anions, EC (dS/m), TDS (ppm) and pH, the treatments of water mixture percentages 
between Fresh water (FW) and Saline water(SW), could be ranked in the following order: FW(30%) + 
SW(70%) > FW(40%) + SW(60%) > FW(50%) + SW(50%) > FW(60%) + SW(40%) > FW(70%) + SW(30%). 
Regarding LSD at 1% level of cations and anions, PID and Fuzzy Logic showed there were no significant 
differences between both values. In contrast there were significant differences between the means of PID and 
Fuzzy Logic and the means of all mixture percentages. Interaction between PID and Fuzzy Logic methods and 
mixture percentage were no significant differences. Whereas LSD at 1% level of EC (dS/m), TDS (ppm) and pH 
values under PID and Fuzzy Logic methods, there were significant differences between values, means and 
Interaction. Fuzzy logic treatment method under study is the best for production irrigation water with standard 
quality by comparison with PID method. The aim of this research is to provide water blending control system in 
a tank network to control the water salinity in each tank and to reduce the usage of the fresh water for irrigation, 
livestock, and aquaculture. 
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Introducton  
 

The quality of ground water in any aquifer takes its final form due to natural mixture of waters, which may 
originate from different sources. Water quality varies from one aquifer to another and even within the same 
aquifer itself. Different ground water quality is obtained from wells and is mixed in a common reservoir prior to 
any consumption. This artificial mixing enables an increase in available ground water of a desired quality for 
agricultural or residential purposes.  

Recycled urban wastewater, agricultural wastewater and saline or brackish groundwater are sources of low-
quality water. In other cases, farmers have the alternatives of choosing between cheap low quality water and 
more expensive good quality irrigation water or of blending water from different sources. 

Using low-quality irrigation water may reduce crop yields or damage the environment, soils, and aquifers. 
For instance, salts applied to soils via irrigation are either left in the soil to harm subsequent crop growth or are 
leached below the root zone to affect groundwater (Tanji & Enos, 1994).  

Desalination of seawater could theoretically be a sustainable source of fresh water but it falls far short of 
sustainability today. In 1990 just over 13 million cubic meters of fresh water were being produced per day in 
some 7,500 facilities around the world through desalination (WRI, 1993). Yet desalinated water still supplies 
barely one thousandth of the fresh water used worldwide. Due to high capital and energy requirements 
desalinated water costs several times more than water supplied by conventional means.  
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Consequently, worldwide agriculture is the single biggest drain on water supplies, accounting for about 
69% of all use. About 23% of water withdrawals go to meet the demands of industry and energy, and just 8% to 
domestic or household use (WRI, 1993).  

Although much of the world's farming still relies on the renewable water that falls on crops from the sky, 
irrigation largely explains agriculture's thirst. However, watering of crops has grown in tandem with rising 
world population. In fact, livestock production is an agricultural activity, but its use of water is minor compared 
to irrigation. In 1990, about 250 million hectares of land were under irrigation worldwide, supplying a third of 
the world's harvested crops (Sandra, 1990).  

Arid areas constitute about 60% of the earth’s land area and are characterized by scarce, limited water 
resources (Miller, 1991) often of poor quality which also are sensitive for Salinization and pollution (Horchani, 
1991). For crop production in agriculture, the limited water resources have forced the use of low-quality water 
in many arid regions. Recycled urban wastewater, agricultural wastewater, and saline groundwater are sources 
of low-quality water supplied to agriculture. In many situations, farmers have no alternative but to use low-
quality water. In other cases, farmers have the alternatives of choosing between cheap low-quality and more 
expensive good-quality irrigation water and of mixing water from different sources. In arid areas, mixing water 
from different sources with the existing saline ground water may be the best choice for irrigation water supply. 
Each crop has a certain recommended levels of water salinity at which to match the desired crop yield level. 
Therefore, it must be ensured that the mixed water is of acceptable salinity concentrations to avoid adverse 
effects to crop or livestock. In the case of crop, high levels of salinity over the threshold concentration suppress 
plant growth due to detrimental chemical and physical effects on the plant.  

Water mixing is the techniques to improve the quality of water to meet a required standard. More 
specifically, the essence of the water mixing is the ability to control the water mixing to meet the biological 
salinity tolerance; the mixing process is needed to be computerized, accurate and reliable. Managing the water 
mixing and improving its quality can be achieved though various methodologies.  

Water salinity control needs to be improved because plant scientists have developed species with higher 
yield, which entails a need for more optimized water mixing management system to meet these expectations. 
Furthermore, water is becoming more important in arid areas and will continue to be to a level that optimal use 
of resources has become a major concern. A very important parameter in water salinity control is the electrical 
conductivity. Many researchers have determined optimum irrigation water salinity levels (EC) for various crops 
as cited in FAO (1994). This is one of the main motivations features behind this current work. 

 
Aims and Objectives: 

 
The main aim of this research is to maximize the water use efficiency in arid areas through blending of 

good quality water with unconventional water to meet various salinity tolerances of the crops. This comparison 
study between two types of intelligent techniques will help to determine which one is more efficient for water 
salinity control. 

An intelligent model is needed to be developed to manage different water resources with different salinity 
levels in order to optimize the water use efficiency. The main aim of this research is to maximize the water use 
efficiency in arid areas through blending of good quality water with unconventional water to meet various 
salinity tolerances of the crops. In order to achieve such aim, the following specific objectives are curried out:- 

1. To develop an intelligent water-blending control system for crop irrigation using unconventional water. 
2. To compare two different control systems namely PID and Fuzzy logic as a control procedure to 

provide optimized water management strategies to meet various water quality requirements.  
3. To evaluate the performance of the two control systems for water blending system and Compare the 

results of the two systems in terms of feasibility and accuracy. 
 

Material And Methods 
 

Site and aim of experiments: 
 
The laboratory experiments were conducted at Lab of the department of environmental and natural 

resources, King Faisal University (KFU), KSA. The aim of this research is to provide water blending control 
system in a tank network to control the water salinity in each tank and to reduce the usage of the fresh water for 
irrigation. 

 
1-The water analysis: 

 
Samples of water used were analyzed chemically and physically during the experiment as recommended by 

FAO (1985). The average values are presented in Table (2) 



2441 
J. Appl. Sci. Res., 9(3): 2439-2445, 2013 

 

2- Blended water quality: 
 
The quality of blended water was determined by the following equation according to the FAO (1985), 

Irrigation paper NO.29 : 
 

Concentration of blended water = ( A.X ) + ( B.Y)          (1) 
 

Where: 
 
A = is the concentration of water A (ppm), 
X = is the proportion of water A used, 
B = is the concentration of water B (ppm), and 
Y = is the proportion of water B used. 
 

3- Water Physical properties: 
 
i- Electric conductivity (EC). 
ii- pH 
iii- Total dissolved salts (TDS) 
 

 
 

Fig. 1: A Network of Tanks Blending Water to Various Salinities.  
 

4- Water Chemical properties were: 
 
i- Anions , ii- Cations. 
 

5- System Implementation: 
 

Table 1: Variable and their description. 
Variable Name Description 
Vinit (m3) Initial Volume of water in each tank 
Vcap (m3) Volume capacity for each tank 
ECinit (dS/m) Initial Salinity in each tank 
ECdem(dS/m) Demanded Salinity in each tank 
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Improving the control process can be achieved through various procedures. One of them is Artificial 
Intelligence (AI) procedure such as Fuzzy Logic Control (FLC), Neural Network (NN), and expert systems 
(ES).  The other procedures is to update the model parameters by using the adaptive control (Tantau, 1985) 
which is a modified Proportional Integral Derivative (PID) feedback system, in which PID gain is not constant 
but is adjusted according to the parameter change (Takakura et al., 1994).  A more advance improvement 
procedure is to combine the AI with the adaptive control procedures. 

 
 
 
 
 
 
      
 
 
 

 
 
 
 
 
 
 
 

Fig. 2: Lay out of PID system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Lay out of Fuzzy Logic system. 
 
The other feedback control system mentioned earlier is the PID control system.  This system is known for 

its accuracy in keeping up with the set point if the PID parameters are correctly tuned. Fig. (2)   
In this research, the PID control will be applied using an analog output signal, which constitutes a 

requirement for more robust control system.  The only drawback of this system is the relatively high cost of 
variable speed motors, which can be overcome by using one drive (inverter) to change the speed of many single 
speed motor simultaneously.  

On the other hand, fuzzy logic is more convenient to low-cost implementations based on cheap sensors, 
low-resolution analog-to-digital converters, and 4-bit or 8-bit one-chip micro controllers, and it can be easily 
upgraded by changing rules to improve performance or add new features (Bauer et al. 1998) Fig. (3). In many 
cases, fuzzy control can be used to improve existing controller systems by adding an extra layer of intelligence 
to the current control method (Harris, 1998).  Furthermore, fuzzy logic control systems are still young in the 
irrigation control.  Since Fuzzy logic is one of the fastest growing modern technologies, further research is 
needed to study the accuracy of the system compared to the PID for the same environment.  

MSTATC program (Michigan State University) was used to carry out statistical analysis. Treatments mean 
were compared using the technique of analysis of variance (ANOVA) and the least significant difference 
(L.S.D) between systems at 1 %  had been done. The randomized complete block design according to Steel and 
Torrie (1980). 
 
 

 

Sink Tank 

EC 

 FL Control System  

 

 

Fuzzifier Rule-Base Defuzzifier

PID 

Control 

System 

 

Sink Tank 

EC 

Sensor



2443 
J. Appl. Sci. Res., 9(3): 2439-2445, 2013 

 

Results And Discussions 
 
Fresh and saline water characteristics: 

 
Table (2) illustrated the initials chemical and physical analysis of fresh and saline water used, the average 

values were determined by FAO paper No. 29 (1985). 
 

Table 2: Fresh and saline water characteristics. 
Parameter Fresh water Saline water 

Physical analysis 
EC (ds/m) 1.00 4.15 

pH 7.20 7.53 
TDS (ppm) 640 2653 

Chemical analysis 
SAR 1.5 7.6 

Cations (meq/l) 
Ca 2.7 4.2 
Mg 1.5 5.2 
Na 2.0 14.5 
K 0.2 0.7 

Anions: (meq/l) 
HCO3= 3.5 15.0 

Cl= 2.5 9.2 
SO4= 1.3 2.3 

 
Table 3: The effect of blended method and mixture percentage on irrigation water chemical analysis. 

Blended 
method 

Mixture % Cations (meq/l) Anions (meq/l) 
FW SW Ca++ Mg++ Na+ K+ HCO3

= Cl- SO4
- 

 
 

PID 
 
 

70 30 2.43 1.63 1.53 0.35 5.42 3.35 0.28 
60 40 2.61 1.91 4.34 0.48 7.84 5.13 0.33 
50 50 3.05 2.82 7.91 0.51 9.53 6.82 0.39 
40 60 3.32 3.72 9.87 0.57 11.27 7.27 0.46 
30 70 3.86 4.94 12.63 0.68 13.76 8.95 0.58 

 
 

F L 
 
 

70 30 2.11 1.31 1.32 0.23 4.63 2.83 0.17 
60 40 2.47 1.96 4.15 0.43 6.57 4.91 0.24 
50 50 2.76 2.58 6.16 0.46 7.63 5.97 0.23 
40 60 3.22 3.13 8.28 0.53 9.82 6.36 0.37 
30 70 3.34 3.62 11.21 0.58 11.91 7.72 0.41 

(1) X (2) LSD 0.01 0.12 0.26 0.34 0.08 4.15 3.71 0.05 

Mean (1) 
PID 3.05 3.00 7.26 0.52 9.56 6.30 0.41 
FL 2.78 2.52 6.22 0.46 8.11 5.56 0.28 

LSD 0.01 0.31 0.05 0.03 0.03 0.13 0.28 0.15 

Mean (2) 

70FW+30SW 2.27 1.47 1.43 0.29 5.03 3.09 0.23 
60FW+40SW 2.54 1.94 4.25 0.46 7.21 5.02 0.29 
50FW+50SW 2.91 2.70 7.04 0.49 8.58 6.40 0.31 
40FW+60SW 3.33 3.43 9.08 0.55 10.55 6.82 0.24 
30FW+70SW 3.54 4.28 11.92 0.63 12.84 8.34 0.50 

LSD0.01 0.16 0.51 2.35 0.25 1.89 0.75 0.04 
FW= Fresh water and SW= Saline water. 

 
The fresh and saline water was chemically and physically analyzed at the beginning of conducting the 

experiments as recommended by FAO paper no.29 (1985). 
 Table (2) show the fresh and saline water characteristics before carrying out the experiments and the water 

physical and chemical characteristics has been affected by the type of fresh and saline water used. While In 
Table (3) show that all of chemical analysis increased by increased saline water percentage for treatments and 
decreased fresh water percentage, with studying of cations and anions of the chemical analyses. However, the 
physical analyses as showed by Table (4) the EC and pH values increased by increasing the proportion of saline 
water percentage and decreased of fresh water percentage. For the fresh and saline water analyzed due to the 
different water mixture percentage treatments. And to judge the difference in the mixture percentages' of change 
in the fresh and saline water needs to execute more experiment, in order to judge the changes in the rates. 

PID and Fuzzy Logic techniques used for treated mixed fresh and saline water for production the nearest to 
standard values of irrigation water. 
 
The effect of PID and FL method on chemical analysis of blended fresh and saline water quality: 
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Data in Table (3) show comparative among the water treatment by PID and FL methods, the mixtures 
percentages were 70+30, 60+40, 50+50, 40+60, and 30+70 for Fresh water (FW)+Saline water(SW), 
respectively.  

Regarding to cations and anions, the highest values by using mixture percentage FW(30%) + SW(70%) 
were 3.86, 4.94, 12.36, 0.68, 13.76, 8.95 and 0.58 for Ca++, Mg++, Na+, K+, HCO3

=, CL- and SO4-, respectively 
under PID of water treatment mixture method. While the lowest values of PID were 2.43, 1.63, 1.53, 0.35, 5.42, 
3.35 and 0.28 for Ca++, Mg++, Na+, K+, HCO3=, CL- and SO4-, respectively by using mixture percentage 
FW(70%) + SW(30%).  

Whereas under Fuzzy Logic water treatment mixture method, the highest value also by using mixture 
percentage FW(30%) + SW(70%) were 3.34, 3.62, 11.21, 0.58, 11.91, 7.72 and 0.41 for Ca++, Mg++, Na+, K+, 
HCO3

=, CL- and SO4-, respectively. While the lowest values of Fuzzy Logic were 2.11, 1.31, 1.32, 0.23, 4.63, 
2.83 and 0.17 for Ca++, Mg++, Na+, K+, HCO3=, CL- and SO4-, respectively by using mixture percentage 
FW(70%) + SW(30%). 

Clearly the two water treatments by mixture method under study could be ranked in the following 
ascending order Fuzzy Logic < PID according to the values of the cations and anions. While treatments of 
mixture percentages could be ranked in the following order: FW(30%) + SW(70%) > FW(40%) + SW(60%) > 
FW(50%) + SW(50%) > FW(60%) + SW(40%) > FW(70%) + SW(30%). 

LSD0.01 values in Table (3) under water treatments by mixture method of PID and Fuzzy Logic showed 
there were no significant differences between both values. In contrast there were significant differences between 
the means of PID and Fuzzy Logic and the means of all mixture percentages. Interaction between PID and 
Fuzzy Logic methods and mixture percentage were no significant differences. 

Table (4) illustrate the comparative among the water treatment by PID and FL methods, the mixtures 
percentages were 70+30, 60+40, 50+50, 40+60, and 30+70 for Fresh water (FW)+Saline water(SW), 
respectively.  

According to the values of the characters EC (dS/m), TDS (ppm) and pH, the two water treatments by 
mixture method under study could be ranked in the following ascending order Fuzzy Logic < PID. While 
treatments of mixture percentages could be ranked in the following order: FW(30%) + SW(70%) > FW(40%) + 
SW(60%) > FW(50%) + SW(50%) > FW(60%) + SW(40%) > FW(70%) + SW(30%). 

 
Table 4: The effect of blended  method and mixture percentage on irrigation water physical analysis. 

Blended method 
Mixture % Concentration of blended water 

pH 
FW SW EC (dS/m) TDS (ppm) 

PID 

70 30 1.63 1043 7.52 
60 40 1.85 1184 7.58 
50 50 2.12 1357 7.64 
40 60 3.17 2029 7.69 
30 70 3.48 2227 7.83 

Fuzzy 
Logic 

 
 

70 30 1.56 998 7.26 
60 40 1.79 1146 7.33 
50 50 2.08 1331 7.58 
40 60 3.15 2016 7.61 
30 70 3.27 2093 7.65 

(1) X (2) LSD 0.01 0.08 25.5 0.03 

Mean (1) 
PID 2.45 1536 7.65 
FL 2.37 1517 7.49 

LSD 0.01 0.07 14 0.09 

Mean (2) 

70FW+30SW 1.66 1011 7.39 
60FW+40SW 1.82 1149 7.46 
50FW+50SW 2.10 1338 7.61 
40FW+60SW 3.38 2134 7.65 
30FW+70SW 3.16 2000 7.74 

LSD0.01 0.15 45 0.03 
FW= Fresh water and SW= Saline water. 

 

In respect of water treatment mixture method PID the highest values of characters EC (dS/m), TDS (ppm) 
and pH, were by using mixture percentage FW(30%) + SW(70%) 3.48, 2227, 7.83, respectively. While the 
lowest values were 1.63, 1043, 7.52 for characters EC (dS/m), TDS (ppm) and pH, respectively by using 
mixture percentage FW(70%) + SW(30%).  

Whereas under Fuzzy Logic water treatment mixture method, the mixture percentage FW(30%) + 
SW(70%) were highest values 3.27, 2093 and 7.65 of characters EC (dS/m), TDS (ppm) and pH,  respectively. 
While the lowest values were 156, 998 and 7.26 of characters EC (dS/m), TDS (ppm) and pH, respectively by 
using mixture percentage FW(70%) + SW(30%).  

LSD0.01 values in Table (4) under water treatments by mixture method of PID and Fuzzy Logic showed 
there were significant differences between values. In contrast there were significant differences between the 
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means of PID and Fuzzy Logic and the means of all mixture percentages. Interaction between PID and Fuzzy 
Logic methods and mixture percentage were significant differences. 

As the water blended which determined by equation (1) according to the FAO (1985), Irrigation paper 
NO.29: this equation explaining the method of the saline and fresh water by mixture.  

From explain mentioned above the nearest method of standard prorerties of irrigation water standard was 
water treatments by mixture method of Fuzzy Logic when mixture percentage was FW(70%) + SW(30%)  
because this case is the lowest values of cations and anions proberties and in the same time it's the nearest values 
of standard irrigation water proberities. The positive results of Fuzzy Logic method attributed to the Fuzz Logic 
method can be used to improve existing controller systems by adding an extra layer of intelligence, these data 
agreed with (Bauer et al. 1998 and Harris, 1998). 

 
Conclusion: 

 
It can be concluded that: 
1- According to the values of the cations and anions. The two water treatments method under study PID 

and Fuzzy Logic, could be ranked in the following ascending order: Fuzzy Logic < PID.  
2- Regarding to the values of the characters cations, anions, EC (dS/m), TDS (ppm) and pH, the two water 

treatments by mixture method under study could be ranked in the following ascending order Fuzzy Logic < PID.  
3- In respect of the values of the cations, anions, EC (dS/m), TDS (ppm) and pH the treatments of mixture 

percentages could be ranked in the following order: FW(30%) + SW(70%) > FW(40%) + SW(60%) > 
FW(50%) + SW(50%) > FW(60%) + SW(40%) > FW(70%) + SW(30%). 

4- Regarding LSD at 1% level of cations and anions, PID and Fuzzy Logic showed there were no 
significant differences between both values. In contrast there were significant differences between the means of 
PID and Fuzzy Logic and the means of all mixture percentages. Interaction between PID and Fuzzy Logic 
methods and mixture percentage were no significant differences. Whereas LSD at 1% level of EC (dS/m), TDS 
(ppm) and pH values under PID and Fuzzy Logic methods, there were significant differences between values, 
means and Interaction. 

5- Fuzzy logic treatment method under study gave the positive results and it's the best method for 
production irrigation water with standard quality by comparison with PID method. 
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