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1. INTRODUCTION 

          Water as a renewable source is the key 

element of sustainable development. 

Nowadays, and in the future water in the world, 

and particularly in Iraq becomes critical. In 

recent decades with the increase in the 

population around the world, water demand in 

different sectors (agricultural, industrial, and 

domestic water) may exert an increasing 

pressure on the groundwater resources(Gheyi, 

2000).Agricultural lands and irrigation will be 

intensified, particularly in arid and semiarid 

regions in order to feed an estimated world 

population of 8.5 billion by 2025. However, 

approximately 10% of soils of these regions 

will lose their fertility due to potential 

irrigation induced problems such as sodicity, 

water logging and salinity and new areas need 

to be converted to irrigation, intensifying the 

problem (Gheyi, 2000).According to Shalhevet 

and Kamburov (1976) and Talukder et 

al.(1998) irrigation water quality mainly means 

the total quantity of dissolved salts and its ionic 

content depending on the water source and 

time of water sampling of water is becoming 

the main problem as well as water quality. The 

use of low water quality may have a significant 

impact on the agricultural productivity, 

especially in arid and semiarid regions due to 

the accumulation of salts in soil which affect 

water quality and fertility and permeability of 

soil (Shalhevet and Kamburov, 1976). Water 

quality indices (WQI) aims to give a single 

value to the water quality of a source reducing 

great amount of parameters into a simpler 

expression enabling easy interpretation of 
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          An Attempt was made to analyze the water quality of ShekhTurab stream 

for irrigation purpose. Water samples were collected from 5 sampling sites with 

two replications for each during July and November 2016. Studied samples were 

analyzed for electrical conductivity (EC), sodium adsorption ratio (SAR), sodium 

(Na
+1

), chloride (Cl
-1

) and bicarbonate (HCO3
-1

) contents. The results showed that 

the values of (IWQI) ranged from (41.11) to (53.65) and all sites were fall within 

the 4
th

category ‘‘high restriction’’, it is clear that the plants have moderate 

resistance to salts might be grown in July and should be avoided its use for 

irrigation under normal conditions and only plants with high salt tolerance in 

November. Based on the obtained results, it is   recommended   to avoid grow salts 

sensitive plants to increase agricultural productivity in the study area. 
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monitoring data( Horton,1965).The (WQI) was 

first proposed by Horton (1965). Much of the 

work has been done on the water quality 

indices of several rivers and lakes in Iraq, 

Kurdistan and for various purposes such as 

drinking or agriculture uses by various workers 

(Abdul Hameed et al. (2010b); Abdul Hameed 

et al. (2010a); Shekha and Al-Abaychi (2010); 

Toma (2012) and Toma et al. (2013) Toma 

(2012) and Toma et al. (2013).Abdul Jabbar 

2010 developed IWQI was applied to assess 

the irrigation water quality of Tigris, Euphrates 

and Shatt Al Arab rivers in Iraq based on 

observed water quality data. Then Meireleset 

al. (2010) classifies surface water quality in the 

Acarau Basin, in the North of the state of 

Ceara, Brazil for irrigation use. Mohammed 

(2011) used Irrigation Water Quality Index 

(IWQI) to classify Tigris River within 

Salahaddin Province in Iraq. The objective of 

the present study is to assess and classified the 

water quality of ShekhTurab stream Erbil 

Province for irrigation purpose by the applied 

model of (IWQI) developed by (11). 

 

2. MATERIALS AND METHODS  

2.1. Study area 

     Erbil province (Figure1) is of Kurdistan 

Region and located in the north east of Iraq. It 

is bounded to the north east and south east by 

the Greater and Lasser Zab respectively. 

Boundaries extend from longitudinal 43 00 

15 E to 450 14- E and from latitude35
0
27

-
 N 

to37
0
 24

-
 N. The climate of the area is 

characterized by a wide diurnal and annual 

range of temperature (Zohary, 1950).The 

climate most closely related to Irano-Turanian 

type. The annual average rainfall for Erbil city 

estimated to be 440mm (Razoska, 

1980).Details of geology, pedology and 

limnology of the area may give in (Mauloodet 

al., 1980). Spring and autumn surface water 

samples were taken from five selected site in 

ShekhTurab stream located 20km east of Erbil 

city monthly over a period of two period of July 

and November-2016 period(July and 

November-2016) respectively ( Figure 1). 
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Figure (1):- A- Map of Iraq within Erbil province 

B- Map of Erbil province and studied sites indicated with red pins (ShekhTurab Stream) 

 

     Studied stream is one of the branches of 

Greater Zab river, in which located in 

ShekhTurab village; it is about 75 km far away 

from Erbil City. The estimate terrain elevation 

above sea level is 393 m. The water depth is 

between 30 to 80 cm and width about 8 m. 

stream water mainly use for irrigation 

purposes, and sand mining is common along 

the stream(Maulood et al., 1980). 

2.2. Sample Collection and Analysis 

     The electrical conductivity was measured by 

using (pH-EC-TDS meter, HI 9812, Hanna 

instrument), SAR, Na
+1

, Ca
2+

, Mg
2+

, Cl
-1

 and 

HCO3
-1 

were measured according to(APHA, 

2005).                                                                                              
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2.3. The Model of Irrigation Water Quality 

Index (IWQI)  

     The model of (IWQI) developed by 

Meireleset al. (2010) was applied on the 

observed data according to the following 

steps:- 

Step1: Identified parameters were considered 

more relevant to the irrigation use; EC, Na
+1

, 

HCO3 
-1

, Cl
-1

, SAR°. 

Step2: The values of quality measurement 

(Quality rating) (Qi) for each parameter were 

calculated using the equation (1), based on the 

tolerance limits shown in table (1), and the 

observed water quality results. Table (1) was 

consecrated according to irrigation water 

quality parameters proposed by (UCCC) and 

by the criteria established by Ayers and 

Westcot (1985). 

.....................

............... (1) 

     Where Qimax is the maximum value of 

quality rating scale (qi) for the class of table (1) 

; Xij is the observed value for the parameter; 

Xinf is the corresponding value to the lower 

limit of the class to which the parameter 

belongs; Qiamp is class amplitude; Xamp is 

class amplitude to which the parameter belongs 

.In order to evaluate sample, of the last class of 

each parameter, the upper limit was considered 

to be the highest value determined in the 

physical-chemical and chemical analysis of the 

water samples. 

Step 3: The weight of each parameter has been 

assigned according to its relative importance in 

the overall quality of irrigation water, as shown 

in table (2):  

Step 4: The water quality index was calculated 

as: 

IWQI=

 

IWQI is dimensionless parameter ranging from 

0 to 100; (Qi) is the Quality rating of the ith 

parameter, a number from 0 to 100 (wi) is the 

normalized weight of the i
th

 parameter.     

Division in classes based on the recommended 

water quality index was based on present water 

quality indices, and classes were indicated the 

potential risk of salinity problems, reducing the 

osmotic potential of soil, as well as toxicity to 

plants as observed in the classifications 

presented by Holand and  Amorim (1997). 

Restrictions to water use classes were 

characterized as shown in table (3). 
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Table 1: Parameter limiting values for (Qi) calculation (AyersandWestcot, 1985) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Weights for the (IWQI) parameters (Meireleset al., 2010) 

Wi Parameters 

0.211 EC 

0.202 Na+1 

0.202 HCO3-1 

0.194 Cl-1 

0.184 SARº 

1 Total 

 

 

 

HCO3
-1

 Cl
-1

 Na
+1

 SARº(Meq/L)
1/2

 EC(Meq/L) (qi) 

Meq/L 

1≤ HCO3< 1.5 1≤Cl< 4 2≤Na< 3 0.20≤ SARº < 3 0.20≤ EC<0.75 85-100 

1.5≤ HCO3< 4.5 4≤Cl< 7 3≤Na< 6 3≤ SARº < 6 0.75≤EC< 1.50 60-85 

4.5≤ HCO3< 8.5 7≤Cl< 10 6≤Na< 9 6≤ SARº < 12 1.50≤ EC< 3 35-60 

HCO3 < 1 or 

HCO3 ≥ 8.5 

Cl< 1 or 

Cl ≥ 10 

Na< 2 or 

Na ≥ 9 

SARº< 2 or 

SARº ≥ 12 

EC< 2 or EC≥ 3 0-35 
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Table 3: (IWQI) Characteristics (Holanda and Amorim, 1997) 

Recommendation Water use  

restriction 

IWQI 

Plant Soil 

 

 

 

No toxicity risk for 

most plants 

Could be used for the majority of soil types and 

it has the lowest probability of salt accumulation 

which may cause salinity and sodicity problems, 

being recommended leaching within irrigation 

practice, except for soils with extremely for 

soils with extremely low permeability 

No restriction 

(NR) 

85-100 

 

 

Avoid low salt 

resistant plants. 

Recommended for irrigation is soils with low 

texture and moderate permeability, being 

recommended salt leaching. Soils sodicity in 

heavy texture soils may occur, being 

recommended to avoid its use in soils with high 

clay 

 

 

Low 

restriction(LR) 

70-85 

Plants that have 

moderate resistance 

to salts might be 

grown. 

Recommended for the soil irrigated with 

moderate to high permeability levels, being 

suggested moderate leaching of salts. 

 

Moderate 

restriction(MR) 

55-70 

Plants with moderate 

to high resistance to 

salts may be grown 

with special salinity 

control techniques, 

except water with 

May be used in soils with high Permeability 

without compact layers. High frequency 

irrigation schedule should be adopted for water 

with EC above 2000 dS m-1 and SAR above 7.0 

 

 

High restriction 

(HR) 

40-55 
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low Na, Cl and 

HCO3concentrations. 

Only plants with 

high salt tolerance, 

except for waters 

with extremely low 

values of Na, Cl and 

HCO3 

Should be avoided its use for irrigation under 

normal conditions. In special cases, may be used 

occasionally. Water with low salt levels and 

high SAR require gypsum application. In high 

saline content water soils must have high 

permeability, and excess water should be 

applied to avoid salt accumulation. 

Severe restriction 

(SR) 

0-40 

 

3. RESULTS AND DISCUSSION 

          The values of the physical and chemical 

measurements of ShekhTurab stream samples 

which have taken in two seasons, one in winter 

and the other in autumn-2016 for five stations 

with two replications for each site, are 

presented in table (4). 

 

Table (4). Average measured values of the parameters of IWQI for ShekhTurab spring water sampled at different 

sites and over two months of 2016. 

Period Site 

Average value of the measured parameters 

E
C

(d
S

m
-1

) 

N
a

+
( 

m
eq

/l
) 

C
a

2
+
 +

 M
g

2
+
 (

m
eq

/l
) 

S
A

R
(m

eq
/l

) 

C
l- (m

eq
/l

) 

H
C

O
3

- (m
eq

/l
) 

Jul-16 1 1.20 1.28 7.80 0.92 1.17 3.56 

2 1.16 1.26 7.80 0.91 1.14 3.49 

3 1.18 1.34 7.68 0.97 1.03 3.55 

4 1.16 1.33 7.20 0.99 1.11 3.42 

5 1.13 1.34 7.18 1.00 1.14 3.42 

Nov-

16 
1 1.00 1.54 7.80 1.39 0.81 2.55 

2 0.99 1.56 7.80 1.38 0.90 2.50 

3 0.97 1.60 7.68 1.35 0.83 2.38 

4 1.02 1.63 7.20 1.45 0.97 2.39 

5 0.98 1.60 7.18 1.43 0.86 2.26 
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3.1. Assessment of Individual Hazard 

Groups  

3.1.1. Salinity Hazard  

     Concentrations of Electrical conductivity 

(EC) in collected samples from five sites are 

presented in table (4). It can be seen that EC 

values are observed to cover a wide range from 

(0.97 dS/m) which measured at site (3) in (Nov 

2016) to (1.20 dS/m) which measured at site 

(1) in (Jul 2016), this may be attributed to the 

decreased discharge and increased of 

evaporation and lower one in (Nov 2016) of the 

due to rainfall that cause dilution then decrease 

the amount of salt in water samples. Results of 

the electrical conductivity throughout this 

survey come in accordance with the known 

conductivity values of Iraqi inland waters 

(Maulood et al., 1980).The gradual reduction 

in conductivity with time may be due to the 

uptake of the ions by organisms for their 

metabolism. Similar observation has been 

reported by (Mustapha and Osmotosho, 2005). 

The variation in electrical conductivity of the 

water depend on the climate, seasonal 

variation, soil source, geological origin the 

content of the ionic salts such as calcium, 

magnesium etc. (Bartram and Balance,1996 ; 

Wetzel, 1983). 

3. 1.2. Infiltration Hazard 

     The most common water quality factor that 

influence the normal rate of infiltration of 

water is the relative concentrations of sodium, 

magnesium and calcium ions in water that is 

also known as the sodium adsorption ratio 

(SAR). (SAR) the value of irrigation water 

quantifies the relative proportions of sodium 

(Na
1+

) to calcium (Ca
2+

) plus magnesium 

(Mg
2+

) and is computed as: 

SAR= ..........................................

.... (3) 

     The calculated values of sodium adsorption 

ratio (SAR) are recorded in table (4). It can be 

seen that the minimum value of SAR was 

observed in site2 (0.91 meq/l) (July 2016) and 

the maximum value of SAR was observed in 

site (4) (1.45 meq/l) (Nov. 2016). The increase 

in the value of (SAR) comes as a result of an 

increase in the sodium content relative to 

calcium and magnesium, and this increase can 

contribute to reduce the infiltration rate to such 

an extent that sufficient water cannot be 

infiltrated to supply the crop adequately from 

one irrigation to the another (Ayers and 

Westcot, 1985). 

3.1.3. Specific Ion Toxicity  

     Sodium concentrations ranged from higher 

value (1.26 meq/l) (Jul. 2016) at site (2) to (1.63 

meq/l) (Nov. 2016) at site (4) as shown in table 

(4). The results indicated that the sodium 

concentrations increases in November are 

approaching or exceeding (1.63 meq/l). The 

present results show a slight variation in the 

sodium distribution patterns during two 

different seasons. (The main reason is 

associated with the solubility of salts to reach 

the sodium balance in the whole water body. 

However, the highest range of sodium ion 

concentration were 1.54-1.63meq/l during 

autumn season because the main sources of 

sodium ion concentration in water comes from 

dissolution of rocks and the overlaying water 

(Wetzel, 1983). 

     Chloride concentrations were ranged from 

(0.81 meq/l) measured at site (1) (Nov. 2016) 

to (1.17 meq/l) measured at site (1) (Jul. 2016) 

as shown in table (4). This variation in chloride 

may be due to agricultural drainage water, 

which disposed into the ShekhTurab stream 
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and geological formation of the area and also 

chloride may enter through the household 

water raised to the river directly (Morteth, 

2006). 

3.1.4. Miscellaneous Effects  

     The concentration of bicarbonate ranged 

from (2.26 meq/l as HCO3)at site 5 during 

(Nov. 2016) to (3.56meq /l as HCO3)(Jul. 2016) 

at site (1) as shown table (4). Increase in 

alkalinity values may be due to decreases in the 

water level. Bicarbonate increases with 

decreases in water levels have also been 

reported by Lashariet al. (2009).Variation in  

alkalinity values in this survey may be related 

to phytoplanktonic activity such as 

photosynthesis and respiration processes,  and 

also this may be attributed to the dilution 

phenomena through the rainfall caused 

reduction in alkalinity (Lashari et al., 2009) 

3.2. Discussion of Irrigation Water Quality 

Index 

    Table (5) represents calculation of (IWQI), 

while the (IWQI) values for ShekhTurab 

stream are recorded in table (6), it can be seen 

that there is a strong spatial and temporary 

variation of (IWQI) values during 2016 due to 

the dynamics of water quality influenced by 

human interventions and seasonality of flow at 

each site. Again it can be recognized that the 

(IWQI) value had observed with the minimum 

value (41.11in Nov) at site (4) and with the 

maximum value (53.65in Jul.) at site (2). 

Specifically, the table (6) shows that the quality 

and suitability of ShekhTurab for irrigation, 

improved more in autumn months. The 

improvement of the water quality may be 

attributed to the increased discharge of the 

stream water, which contributes of salts 

dispersion and reduces their concentrations 

(Holanda and Amorim, 1997). It seems that the 

(IWQI) value in the summer months varied 

from (53.06-53.65) due to increased 

concentrations of salts in the river at summer 

season(Holanda and Amorim, 1997),and the 

increased evaporation rate because of high 

temperature at summer season. The values of 

(IWQI) are observed to cover a wide range 

between (41.11-41.76) in autumn months. It 

should be noted from the obtained results that 

any of irrigation water quality parameters may 

play an important role in changing the value of 

(IWQI). 

     Generally ShekhTurab water was ranked 

‘‘high restriction’’; good for irrigation with 

some restriction at all stations in 2016, this 

means the stream water quality is suited to 

irrigated soils with light texture (Holanda and 

Amorim, 1997), and since the nature of soil in 

irrigated lands on both sides of the river is clay 

loam (heavy texture) so the problem of soil 

sodicity may occurs, and this requires washing 

the salts from soil constantly. The farmers also 

must avoid growing salts sensitive plants as 

shown in table (6) (Brouwer, 1985).  
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Table (5). Sample calculation of IWQI for Site 1 during July 2016. 

Period Site Varaible 

IQWI Parameters 

EC(dSm
-1)

 SAR(meq/l) Na
+
(meq/l) Cl

-
( meq/l) 

HCO3
-

(meq/l) 

Jul. 

2016 

1 
Average measured 

value(xi) 
1.20 0.92 1.28 1.17 3.56 

Qmax 85.00 35.00 35.00 100.00 85.00 

Qampl 25.00 35.00 35.00 15.00 25.00 

Xamp 0.75 2.00 2.00 3.00 3.00 

Xinf 0.75 0.00 0.00 1.00 1.50 

Qi 70.00 18.90 12.60 99.15 67.83 

  
Wi 0.21 0.18 0.20 0.19 0.20 

        

  

QiWi 14.77 3.48 2.55 18.84 13.57 

IWQI 53.14 

 

Table (6). Water use restrictions based on the calculated values of IWQI for ShekhTurab Spring water sampled at 

different sites over two months of 2016. 

Period Site IWQI Water Use Restriction 

Jul. 2016 1 53.14 High restriction (HR) 

2 53.65 High restriction (HR) 

3 53.06 High restriction (HR) 

4 53.28 High restriction (HR) 
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5 53.40 High restriction (HR) 

Nov. 2016 1 41.48 High restriction (HR) 

2 41.60 High restriction (HR) 

3 41.72 High restriction (HR) 

4 41.11 High restriction (HR) 

5 41.76 High restriction (HR) 
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