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Abstract
The aim of the present study was to appraise surface water quality for irrigation purposes. 
This research work concerns seven dams’ water from higher and lower part of Cheliff agri-
cultural area located in northeast to the larger catchment Cheliff-Zahrez, central Algeria. 
The following dams are investigated, namely Deurdeur, Ghrib, Harreza, Oued Fodda, 
Oued Mellouk, Sidi M’hamed Ben Taïba and Sidi Yakoub. Irrigation water quality evalu-
ation was carried out by measuring and calculating physicochemical quality parameters 
monthly during three years: 2014, 2015 and 2016. For assessing the groundwater for irriga-
tion suitability, parameters like pH, electrical conductivity, total dissolved solids, sodium 
adsorption ratio, pHc, adjusted sodium adsorption ratio, residual sodium carbonate, soluble 
sodium percentage, Kelly’s ratio, USSL, Wilcox’s diagram and permeability index suggest 
that the groundwater of the study area is moderately suitable for irrigation purposes. Based 
on USSL and Wilcox’s diagram, it falls under excellent to unsuitable category indicating 
low salinity and high sodium water, which can be used for irrigation in almost all types 
of soil with little danger of exchangeable sodium. The Pearson correlation coefficient rate 
revealed strong correlation between several parameters. The water of Sidi M’hamed Ben 
Taïba dam has the best appropriateness for irrigation purpose compared to the other dams. 
Its water may be used in irrigation without limitation.

Keywords Surface water · Irrigation · Dams · Cheliff-Zahrez · Algeria · Quality parameters

1 Introduction

In Algeria, climate change has major consequences on the sustainable executive of 
lands and water. In arid and semiarid regions, domestic, industrial and irrigation water 
requirement increased considerably in recent decades. Imbalances among accessibil-
ity and demand, deprivation of surface and groundwater quality, inter-sectoral rivalry, 
inter-regional and worldwide conflicts regularly occur in water-scant regions, largely 

 * S. Selvam 
 geoselvam10@gmail.com

1 Faculty of Nature and Life Sciences and Earth Sciences, Djilali Bounaama University of Khemis-
Miliana, Street Theniat EL Had, 44225 Khemis-Miliana (W), Ain-Defla, Algeria

2 Department of Geology, V.O. Chidambaram College, Thoothukudi, Tamil Nadu, India

https://orcid.org/0000-0002-8899-3494
http://crossmark.crossref.org/dialog/?doi=10.1007/s10668-019-00447-9&domain=pdf


5710 A. Merouche et al.

1 3

water in the Mediterranean region. Water is a vital constituent, but its quality is seri-
ously in degradation for many years under the influence of various factors of pollution, 
chemical, organic and microbiological. These factors are chiefly caused by overcrowded 
population engendering the diversification of human economic activities. Use of pitia-
ble quality groundwater has become predictable for irrigation to pay off hastily increas-
ing water hassle in many arid and semiarid areas (Qadir et al. 2001; Selvam 2014).

The regular pH range for irrigation water is from 6.5 to 8.4; outside this interval, it 
may source a nutritional disproportion or toxicity (Ayers and Westcot 1985). The water 
irrigation with high salt contributes to modify arable land salt balance and accelerates 
its salinization. The quantity of salt accretion in the soil is associated with the quantity 
and quality of irrigation and drainage water (Mostafazadeh-Fard et al. 2008; Venkatra-
manan et  al. 2016). Saline soil occurs not only ever since there is less rainfall acces-
sible to leach and transfer the salts but also because of the immense evaporation rates 
attribute of arid climates, which have a propensity additional to deliberate the salts in 
soils and in surface waters (US Salinity Laboratory 1999). In addition to that, the water 
irrigation amount applied per hectare is too much because of climate change in this 
region (Mostafazadeh-Fard et al. 2008; Chung et al. 2018b; Selvam et al. 2014a, b). The 
total absorption of dissolved salts varies from a little parts per million (ppm) to sev-
eral thousands. Most irrigation waters fall within the range of 100 to 1500 ppm, with a 
few as high as 5000 ppm., the elevated concentrations mortal used on the more tolerant 
crops (Wilcox 1948). Salinity affects the plant during the reduced water availability and 
increased water stress, which is reflected by the leaf water potential (Katerji et al. 2000). 
The assimilation of water by plants decreases when the osmotic pressure increases. The 
osmotic pressure depends to the salt content or salinity hazard (Rahman et  al. 2012; 
Selvam et  al. 2016, 2017; Singaraja et  al. 2015). Soluble salt in the soil restricts the 
capability of the root structure to uptake water. It is well predictable that the salinity 
of an irrigation water and the SAR (sodium adsorption ratio) have an interactive effect 
on soil physical properties (Donald et  al. 2006). According to Richards (1954), based 
on electrical conductivity (EC), irrigation water is classified in four classes: low, C1 
(EC < 250 μ S/cm); medium, C2 (EC 250–750 μ S/cm); high, C3 (EC 750–2250 μ S/
cm); and very high, C4 (EC > 2250  μ  S/cm). However, based on sodium adsorption 
ratio (SAR), the classes are: low, S1 (SAR < 10); medium, S2 (SAR 10–18); high, S3 
(SAR 18–26); and very high, S4 (SAR > 26). Another concept SAR accustomed sodium 
adsorption ratio  (SARadj) is used for water containing an important quantity of carbon-
ate (Ayers and Westcot 1976; Selvam 2015). The problems of permeability caused by 
calcium insufficiency or excess sodium may be assessed by the concept of adjusted 
SAR that takes on the account of the consequence of carbonate and bicarbonate on the 
aggressively through a formula of pHc which completes the old SAR method. The pHc 
value assesses water irrigation tendency to dissolve the soil limestone (Monition 1969; 
Singaraja et al. 2016; Venkatramanan et al. 2018a). Bower and Maasland (1963)’s antic-
ipated approach used saturation index (SI), SI = (8.4—pHc to estimate carbonate precip-
itation as a function of  CaCO3 dissemination of the soil solution); pHc is the approxi-
mate pH of a non-sodic soil in equilibrium with  CaCO3. Residual sodium percentage 
(RSC) allows determining the hazardous effect of carbonate and bicarbonate on the 
irrigation water quality (Raju 2007; Sashikkumar et al. 2017a, b; Selvam et al. 2015). 
When the anions  HCO3

− and  CO3
− are in bigger proportion than cations calcium and 

magnesium and the RSC value is more than 2.5 meq/liter, the water is considered harm-
ful, not appropriate for irrigation. In this situation, the calcium and the magnesium will 
be precipitated by bicarbonate anions and allow the increase in the sodium proportion 
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in the soil. However, the water is probably safe with RSC value less than 1.25 meq/liter. 
For this reason, RSC is an important criterion that influences the suitability of water for 
irrigational uses (Wilcox 1958).

In order to establish the water capacity level for irrigation, problems in relation to its 
salt content should be considered (Hao et  al. 2017; Landreau and Monition 1977: Saida 
et  al. 2017; Venkatramanan et  al. 2017a, b). Illustratively, sodium toxicity is often cus-
tomized or reduced if adequate calcium is accessible in the soil (Ayers and Westcot 1985; 
Singaraja et al. 2016). Identifying and estimating the essential parameters which influence 
the quality of water assets help in implementing policies and strategies (Asadollahfardi 
et al. 2013; Venkatramanan et al. 2018b). The sodium has explicit harmful effects on soil 
physical properties, and it is defined separately. Soluble sodium percent (SSP) in irrigation 
water is also used to appraise its sodium hazard. Irrigation water with SSP value superior 
to 60 percent may result in accumulation of sodium that will source a harmful effect on soil 
properties (Bauder et al. 2014). The water index (PI) defined by Doneen (1964) indicates 
the combined effects of soil structure and irrigation water quality which may diminish the 
soil permeability. Soil permeability is exaggerated by long-term use of water characterized 
by a high concentration of soluble salt. Based on permeability index (PI), water is classi-
fied into three classes: class I (PI > 75), water is considered most suitable for irrigation, 
class II (25 < PI < 75), water is reasonably suitable for irrigation, and class III (PI < 25), 
water is considered unsuitable for irrigation (Doneen 1964). Kelly’s ratio (KR) shows the 
concentration sodium deliberate beside calcium and magnesium of irrigation water. The 
waters with an index value greater than 1 are assessed as unbefitting for irrigation (Kelly 
1940). The purpose of the present study is to appraise surface water quality for irrigation 
and its impact on soil properties in northeast to the larger catchment Cheliff-Zahrez where 
agriculture is the chief economic activity.

1.1  Study area

The study area is located between 35°36′11″ and 36°26′11″ north latitude, and 00°48′18 
and 03°04′29″ east longitude. It is part of the larger catchment Cheliff-Zahrez (MRE 
2009). The water quality study concerns seven dams: Deurdeur, Ghrib, Harreza, Oued 
Fodda, Oued Mellouk, Sidi M’hamed Ben Taïba and Sidi Yakoub indicated in the follow-
ing map (Fig. 1). This area includes two important agricultural areas: upper and middle 
Cheliff by an agricultural surface of 62,386 ha, and main crops are cereals (mainly wheat 
and barley), citrus fruit, vegetables and grapes. The agriculture sector contributes 12% of 
Algeria’s GDP (2016 estimates) and employs 20% of the population in rural areas. Algeria 
has 8.4 million hectares of arable land. To combat drought, the Ministry of Agriculture is 
developing projects to increase the amount of irrigated land by 2 million hectares by 2019. 
There is no major industry, but small industries are located in the study area. The present 
study area is one of the large settlements in the country where people are depending on 
agricultural activity (economic activities). In this regard, we have selected upper and mid-
dle Cheliff agricultural area.

The climate in this region is a semiarid type with an annual average rainfall less than 
400 mm during these last decades, characterized by a long dry period situated between the 
middle April and middle October where crop irrigation is essential. Average annual tem-
peratures decrease gradually from north to south with a minimum registered at Tissemsilt 
(14.2 °C) and a maximum at Cheliff (18.7 °C). Average monthly temperatures follow the 
same pattern, but the decline is faster in the cold season than in the hot season, because of 
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the particularly harsh effect of continentally winter and the regulating influence of the sea 
in summer. The hot season, months during which average monthly temperatures are higher 
than the annual average, extends from May to October, while the cold season lasts from 
November to April. The maximum temperatures of 27 to 28 °C are reached in August or 
July, and the minimum temperatures are in January and February (3 to 10 °C). The soil 
dominant texture is loamy and clayey (Merouche et al. 2014).

2  Materials and methods

2.1  Water sampling and analysis

A total of 252 water samples were collected by the National Agency of Hydraulic 
Resources. Of these, 12 samples were yearly taken from the each dam like Deurdeur, 
Ghrib, Harreza, Oued Fodda, Oued Mellouk, Sidi M’hamed Ben Taïba and Sidi Yakoub 
during three years: 2014, 2015 and 2016. The samples were taken at one meter water depth 
in the middle of dam. They were collected in high-density polyethylene bottles of one liter 
which are put in icebox and transported to the Université Djilali Bounaâma Khemis-Mil-
iana water chemistry laboratory for analysis using Hanna HI98107P digital pH meter and 
Hanna HI98303P digital conductivity meter. The measure of the rest of chemical param-
eters in laboratory was based on the previous method (Rodier et al. 2009).

Fig. 1  Location map of the study area with dams



5713Assessment of dam water quality for irrigation in the northeast…

1 3

2.2  Analysis of physicochemical properties

Samples were analyzed in the laboratory for the physicochemical attributes like total major 
cations like calcium  (Ca2+), magnesium  (Mg2+), sodium  (Na+), potassium  (K+) and ani-
ons like bicarbonate  (HCO3

−), carbonate  (CO3
2−), chloride  (Cl−), nitrate  (NO3

−), sulfate 
 (SO4

2−) and phosphate  (PO4) in the laboratory using the standard methods given by the 
American Public Health Association (APHA 2005). These parameters are tabulated in 
Tables 2, 3 and 4. pH, EC and TDS were measured using portable water quality analyzers. 
Major cations (Ca, Mg, Na and K) were determined using ICP mass spectrometer while 
the anions were determined as follows: bicarbonate  (HCO3

−) and total hardness (TH) were 
analyzed by volumetric method, and sulfate  (SO4

2−) was estimated by the spectrophoto-
metric technique, and nitrate  (NO3

−) was determined by ion chromatography. Chloride 
 (Cl−) was determined by volumetric titration using  AgNO3 and  K2Cr,  HCO3, and carbon-
ate  (CO3

2−) was determined by Portamess using HCl, phenolphthalein, methyl orange by 
titration method. Fluoride was estimated using an ion-selective electrode (ISE) with a pH/
ISE meter (Orion 4-Star meter). All concentrations are expressed in milligrams per liter 
(mg/l), except pH and EC. The results were evaluated in accordance with the drinking 
water quality standards given by the Algeria National standard drinking quality (Algeria 
MWR 2015).

2.3  Irrigation water quality parameters

Use of poor water quality can create four types of problems, namely toxicity, water infil-
tration, salinity and hardness. To assess water quality for irrigation, there are four most 
popular criteria: TDS or EC, sodium adsorption ratio (SAR), chemical concentration of 
elements like  Na+,  Cl− and/or  B− and residual sodium. For current irrigation water quality 
assessment, the following parameters were considered.

According to Richards (1954), sodium adsorption ratio (SAR) is expressed as:

where all the ions are expressed in meq/L.
SARadj = SAR [1 + (8.4 −  PHc], PHc = (PK’2 − pk’c) + P (ca + Mg) + Palk where p rep-

resents the negative logarithm, K2 is the second dissociation equilibrium constant of car-
bonic acid and Kc is the solubility equilibrium constant for calcite.

Doneen (1962) expressed sodium percent (Na %) as:

where all the ions are expressed in meq/L.
Total hardness (TH) was calculated by the following equation (Raghunath 1987):

where TH is expressed in meq/L (ppm) and the concentrations of the constituents are 
expressed in meq/L.

(1)SAR =
Na+

√

(Ca2++Mg2+)

2

(2)Na+% =
Na+ + K+

Ca2+ +Mg2+ + Na+ + K+
× 100

(3)TH = (Ca +Mg) × 50
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The permeability index (PI), as developed by Doneen (1964), indicates the suitability of 
groundwater for irrigation. It is defined as follows:

where all the ions are expressed in meq/L.
Kelley’s ratio (KR) (Kelly 1963) is described as:

where all the ions are expressed in meq/L.
Residual sodium carbonate (RSC) (Eaton 1950) is defined as:

Total dissolved solids (TDS) were determined by multiplying the measured EC values 
(dS/m) by 640 (Brown et al. 1970).

The evaluation of irrigation water quality is completed by the calculation of the following 
index: soluble sodium percentage (SSP) (Todd 1980):

The graphical method USSL Richard’s (1954) and Wilcox (1955) are used to show succes-
sively the classification and the correctness of water for irrigation purposes. USSL diagram 
represents SAR and electrical conductivity. It shows the classes of water quality: low, medium, 
high and very high. However, Wilcox’s diagram represents the electrical conductivity and 
the percent sodium calculated. It depicts five water categories: excellent, good, permissible, 
doubtful and unsuitable. These diagrams were plotted using software Diagramme (Simler 
2009).

2.4  Statistical analysis

Data were input by Microsoft office Excel 2007 and processed into graphs by Sigmaplot 10.0 
(Systat Software, USA). Standard error of the samples was calculated. To quantitatively inves-
tigate the relationships among the dataset, Pearson correlation coefficient and multivariate sta-
tistics were performed in SPSS 14.0.

3  Results and discussion

Water samples were collected from seven different dams from the higher and Middle Cheliff 
agricultural area during three distinct years, 2014, 2015 and 2016. The annual average value 
of dam water quality parameters and analytic results for each parameter are summarized in 
Table 1.

(4)PI =
Na+ +

√

HCO3

Ca2+ +Mg2+ + Na+
× 100

(5)KR =
Na+

Ca2+ +Mg2+

(6)RSC = [HCO−
3
+ CO2−

3
] − [Ca2+ +Mg2]

(7)SSP = (Na+ + K+) × 100∕(Ca2+ +Mg2+ + Na+ + k+)
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3.1  pH

pH is the measure of the acidity of a solution of water. The pH scale commonly ranges 
from 0 to 14. The scale is not linear, but rather it is logarithmic. For example, a solution 
with a pH of 6 is ten times more acidic than a solution with a pH of 7. Pure water is said 
to be neutral, with a pH of 7. Water with a pH below 7.0 is considered acidic while water 
with pH greater than 7.0 is considered basic or alkaline. Analysis of dam surface water of 
this study area revealed that water is alkaline with pH ranging from 7.98 to 8.14 (Tables 2, 
3, 4). The classification of groundwater on the basis of Algeria National standard drinking 
quality (Algeria MWR 2015) shows that all the dam waters are within permissible limits of 
irrigation water (6.5–8.5) (Ayers and Westcot 1985; FAO 1985). The slight alkalinity may 
be attributed to the dissolved atmospheric carbon dioxide resulting in the release of sodium 
and calcium, which progressively increases pH and alkalinity of the groundwater (Selvam 
et al. 2018).

3.2  Electric conductivity and TDS

All the water samples analyzed showed high mineralization, with EC higher than 2.8 mS/
cm (Algeria MWR 2015) and the average of 0.65 mS/cm. These results could be explained 
either by the intensive use of artificial fertilizers (NPK) or the amount of salt carried by 
irrigation water. The salts accumulated in the soil are leached into water altering its phys-
icochemical quality. Water samples collected between May and November had EC rang-
ing between 0.7 and 1.2 mS/cm, which were classified within the class growing problem. 
Samples between November and April have EC within the same interval except for sites 
Sidi Yacoub and Harreza, where irrigation water represented a serious problem as EC > 1.8 
mS/cm. There is a considerable increase in the ionic concentration which may be due to 
the leaching of salts from the soil and also by anthropogenic activities. The EC of the soils 
irrigated with water from BHD is higher. In fact, long-term irrigation adds large amounts 
of salts to a soil system. Our findings are consistent with those of previous reports (Chung 
et al. 2018a). The total dissolved solids (TDS) values of dam waters were below the Alge-
ria National standard drinking quality permissible limit 1500  mg/l. High concentration 
of TDS can have an unfavorable effect on people and makes the water salty. Too high or 
too low TDS concentration can lower the effectiveness of wastewater treatment plants and 
industrial processes that use raw water. Lin Chou and Jhon Shih Lun (2018) studied hybrid 
zero-valent iron (Hzvi) media water treatment system for industrial wastewater treatment, 
in particular with applications involving extremely high TDS, dissolved Mn and Ni condi-
tions. The concentration more than 1000 mg/L for TDS in water can cause scale buildup in 
distribution system, heaters, boilers and household appliances.

3.3  Variation of cations and anions

The tendency of the cations in all dams of the larger catchment Cheliff-Zahrez, central 
Algeria, is in the order of  Na+>Ca2+>Mg2+>K+ with sodium as a dominant cation, and 
the tendency of anions is in the order of Cl- > SO4

2−>HCO3
−, with chloride as the dom-

inant anion according to the Algeria National standard drinking quality 2015. The high 
concentration of sodium and chloride in the study area does not seem to arise from the 
above factors, but it may be caused by anthropogenic activities and due to the percolation 
of the saline water near river where the stagnant backwater facilitates the seepage thereby 



5717Assessment of dam water quality for irrigation in the northeast…

1 3

Ta
bl

e 
2 

 D
eu

rd
eu

r a
nd

 G
hr

ib
 d

am
 w

at
er

 q
ua

lit
y 

in
 th

e 
ye

ar
s 2

01
4,

 2
01

5,
 2

01
6

D
am

Ye
ar

C
a 

(m
g/

l)
M

g 
(m

g/
l)

N
a 

(m
g/

l)
K

 (m
g/

l)
C

l (
m

g/
l)

So
42−

 (m
g/

l)
H

C
o 3−

 (m
g/

l)
C

o 32−
 (m

g/
l)

pH
TD

S

D
eu

rd
eu

r
20

14
97

.7
5

26
.4

2
16

3.
42

5.
68

33
3.

83
15

9.
75

16
6.

23
0.

00
8.

02
10

82
D

eu
rd

eu
r

20
15

83
.6

3
23

.3
2

15
1.

83
4.

38
30

3.
83

13
5.

25
15

0.
09

0.
00

8.
14

10
94

D
eu

rd
eu

r
20

16
75

.5
2

32
.5

6
23

8.
42

5.
17

35
7.

84
18

8.
87

15
1.

99
0.

00
8.

01
11

26
M

ea
n

85
.6

3
27

.4
3

18
4.

56
5.

07
33

1.
83

16
1.

29
15

6.
10

0.
00

8.
06

11
01

G
hr

ib
20

14
21

1
79

27
6

9.
95

51
9

63
7

16
1

0.
00

7.
9

21
03

G
hr

ib
20

15
19

2.
66

68
.3

2
23

4.
75

7.
79

39
5.

25
59

0.
79

15
2.

50
0.

00
8.

22
19

15
G

hr
ib

20
16

17
3.

22
84

.8
3

27
6.

08
9.

21
38

4.
20

63
2.

60
14

9.
25

0.
00

7.
99

18
47

M
ea

n
19

2.
38

77
.2

6
26

2.
28

8.
98

43
2.

95
61

9.
96

15
4.

19
0.

00
8.

04
19

55

R
SC

 (m
eq

/l)
N

O
2

N
H

4
M

.O
rg

PO
4

SS
P

K
R

PI
SA

R

−
 4.

36
0.

06
0.

11
6.

45
0.

11
50

.5
6

1.
00

61
.6

9
3.

83
−

 3.
66

0.
14

0.
08

6.
95

0.
06

52
.2

9
1.

08
64

.2
0

3.
78

−
 4.

00
0.

05
0.

13
7.

48
0.

04
61

.8
0

1.
60

70
.8

6
5.

78
−

 4.
01

0.
08

0.
11

6.
96

0.
07

54
.8

9
1.

23
65

.5
8

4.
46

−
 14

.4
8

0.
06

5
0.

13
8

6.
8

0.
10

3
41

.7
2

0.
70

46
.7

9
4.

12
−

 12
.8

3
0.

20
0.

18
7.

31
0.

10
40

.4
4

0.
67

46
.1

7
3.

71
−

 13
.2

8
0.

08
0.

16
7.

38
0.

05
43

.7
6

0.
76

48
.9

2
4.

28
−

 13
.5

3
0.

12
0.

16
7.

17
0.

08
41

.9
7

0.
71

47
.2

9
4.

04



5718 A. Merouche et al.

1 3

Ta
bl

e 
3 

 H
ar

re
za

 a
nd

 O
ue

d 
El

 F
od

da
 d

am
 w

at
er

 q
ua

lit
y 

in
 th

e 
ye

ar
s 2

01
4,

 2
01

5,
 2

01
6

D
am

Ye
ar

C
a 

(m
g/

l)
M

g 
(m

g/
l)

N
a 

(m
g/

l)
K

 (m
g/

l)
C

l (
m

g/
l)

So
42−

 (m
g/

l)
H

co
3−
 (m

g/
l)

C
o 32−

 (m
g/

l)
pH

TD
S

H
ar

re
za

20
14

15
9.

00
72

.6
7

16
4.

42
6.

92
38

9.
96

42
7.

67
17

7.
66

0.
00

7.
90

15
37

H
ar

re
za

20
15

15
3.

60
62

.3
6

16
2.

25
5.

33
36

1.
00

35
2.

67
17

4.
36

0.
00

8.
24

15
09

H
ar

re
za

20
16

13
0.

65
81

.7
9

22
1.

33
6.

67
38

3.
77

43
5.

97
16

6.
48

0.
00

7.
96

15
13

M
ea

n
14

7.
75

72
.2

7
18

2.
67

6.
31

37
8.

24
40

5.
44

17
2.

83
0.

00
8.

03
15

20
O

ue
d 

El
 F

od
da

20
14

10
2.

91
46

.5
5

84
.6

4
3.

61
11

9.
18

35
7.

73
15

2.
78

0.
00

7.
89

88
8

O
ue

d 
El

 F
od

da
20

15
99

.6
7

39
.5

8
81

.2
5

3.
02

12
4.

00
29

9.
58

15
4.

03
0.

00
8.

08
88

8
O

ue
d 

El
 F

od
da

20
16

81
.7

6
47

.4
3

10
7.

67
3.

23
11

0.
23

33
6.

00
13

0.
13

0.
75

8.
11

87
8

M
ea

n
94

.7
8

44
.5

2
91

.1
8

3.
28

11
7.

80
33

1.
10

14
5.

65
0.

25
8.

03
88

5

R
SC

N
O

2
N

H
4

M
.O

rg
PO

4
SS

P
K

R
PI

SA
R

−
 11

.0
9

0.
14

0.
05

7.
02

0.
15

34
.3

4
0.

51
41

.8
6

2.
71

−
 10

.0
2

0.
20

0.
11

7.
56

0.
09

35
.8

3
0.

55
43

.8
8

2.
79

−
 10

.6
2

0.
12

0.
17

7.
83

0.
03

42
.3

2
0.

72
49

.0
8

3.
75

−
 10

.5
8

0.
15

0.
11

7.
47

0.
09

37
.5

0
0.

59
44

.9
4

3.
08

−
 6.

52
0.

01
0.

03
4.

05
0.

09
29

.4
8

0.
41

41
.4

2
1.

73
−

 5.
76

0.
06

0.
06

4.
04

0.
09

30
.3

6
0.

43
43

.3
5

1.
74

−
 5.

16
0.

01
0.

07
5.

07
0.

03
37

.2
0

0.
58

48
.2

8
2.

36
−

 5.
81

0.
03

0.
05

4.
38

0.
07

32
.3

5
0.

47
44

.3
5

1.
95



5719Assessment of dam water quality for irrigation in the northeast…

1 3

Ta
bl

e 
4 

 O
ue

d 
M

el
lo

uk
, S

id
i M

’h
am

ed
 B

en
 T

aï
ba

 a
nd

 S
id

i Y
ac

ou
b 

da
m

 w
at

er
 q

ua
lit

y 
in

 th
e 

ye
ar

s 2
01

4,
 2

01
5,

 2
01

6

D
am

Ye
ar

C
a 

(m
g/

l)
M

g 
(m

g/
l)

N
a 

(m
g/

l)
K

 (m
g/

l)
C

l (
m

g/
l)

So
42−

 (m
g/

l)
H

co
3−
 (m

g/
l)

C
o 32−

 (m
g/

l)
pH

TD
S

O
ue

d 
M

el
lo

uk
20

14
98

.3
3

51
.5

8
11

5.
00

3.
56

21
9.

25
31

9.
33

16
3.

43
0.

00
7.

96
10

30
O

ue
d 

M
el

lo
uk

20
15

11
6.

67
40

.1
3

11
0.

25
3.

18
22

3.
00

25
0.

00
17

1.
56

0.
00

8.
14

10
56

O
ue

d 
M

el
lo

uk
20

16
84

.1
1

50
.4

9
13

0.
17

3.
69

21
1.

97
26

9.
88

14
8.

18
0.

00
8.

10
10

13
M

ea
n

91
.2

2
51

.0
3

12
2.

58
3.

63
21

5.
61

29
4.

61
15

5.
80

0.
00

8.
03

10
33

Si
di

 M
’h

am
ed

 B
en

 T
aï

ba
20

14
58

.1
7

23
21

3.
31

36
90

20
9.

18
0

8.
12

39
7

Si
di

 M
’h

am
ed

 B
en

 T
aï

ba
20

15
59

.0
0

18
.6

9
24

.4
2

3.
74

38
.7

5
93

.6
7

17
6.

29
0.

00
8.

20
41

2
Si

di
 M

’h
am

ed
 B

en
 T

aï
ba

20
16

48
.3

0
24

.7
6

27
.3

3
2.

70
31

.2
5

98
.8

5
15

8.
60

0.
00

8.
10

38
5

M
ea

n
55

.1
5

22
.0

4
24

.3
6

3.
25

35
.4

2
94

.0
0

18
1.

36
0.

00
8.

14
39

8
Si

di
 Y

ac
ou

b
20

14
12

0.
27

45
.8

2
14

5.
55

3.
95

24
9.

18
36

8.
36

15
6.

10
0.

00
7.

95
11

50
Si

di
 Y

ac
ou

b
20

15
12

0.
42

37
.7

9
16

7.
50

3.
50

28
2.

33
33

2.
00

15
0.

47
0.

00
8.

10
12

45
Si

di
 Y

ac
ou

b
20

16
10

0.
66

39
.9

1
19

5.
92

4.
44

27
0.

73
37

2.
96

12
6.

07
0.

00
7.

89
12

59
M

ea
n

11
3.

78
41

.1
7

16
9.

65
3.

97
26

7.
42

35
7.

78
14

4.
21

0.
00

7.
98

12
18

R
SC

 (m
eq

/l)
N

O
2

N
H

4
M

.O
rg

PO
4

SS
P

K
R

PI
SA

R

−
 6.

54
0.

06
0.

03
5.

18
0.

07
35

.5
9

0.
54

46
.6

9
2.

33
−

 6.
36

0.
36

0.
09

5.
91

0.
11

34
.6

9
0.

52
46

.3
2

2.
25

−
 5.

98
0.

06
0.

08
5.

98
0.

05
40

.6
2

0.
67

51
.2

9
2.

81
−

 6.
26

0.
06

0.
06

5.
58

0.
06

36
.9

7
0.

58
48

.1
0

2.
57

−
 1.

37
0.

02
2

0.
04

2
3.

5
0.

12
1

17
.4

3
0.

19
48

.5
5

0.
62

−
 1.

62
0.

08
0.

03
2.

62
0.

08
20

.4
3

0.
24

49
.5

9
0.

72
−

 1.
88

0.
04

0.
08

4.
48

0.
04

21
.9

3
0.

27
49

.4
3

0.
80

−
 1.

62
0.

05
0.

05
3.

53
0.

08
19

.9
3

0.
23

49
.1

9
0.

71
−

 7.
27

0.
05

0.
03

5.
17

0.
09

39
.5

4
0.

64
49

.0
6

2.
85

−
 6.

70
0.

12
0.

09
5.

68
0.

07
44

.5
7

0.
79

53
.8

1
3.

44
−

 6.
29

0.
03

0.
10

6.
22

0.
04

50
.8

0
1.

02
58

.9
9

4.
23



5720 A. Merouche et al.

1 3

Ta
bl

e 
4 

 (c
on

tin
ue

d)

R
SC

 (m
eq

/l)
N

O
2

N
H

4
M

.O
rg

PO
4

SS
P

K
R

PI
SA

R

−
 6.

76
0.

06
0.

07
5.

69
0.

07
44

.9
7

0.
82

53
.9

5
3.

51



5721Assessment of dam water quality for irrigation in the northeast…

1 3

increasing the sodium and chloride content in the groundwater near the downstream area. 
The leaching of saline residues of the soil by the action of rainwater during season may 
also contribute to the chemical composition of the water. In contrast to this, the predomi-
nant anion trend is in the order  HCO3

− > Cl−>SO4
2− in the Harreza, Sidi M’hamed Ben 

Taïba and Sidi Yakoub, whereas the order in the stations Deurdeur, Ghrib, Oued Fodda, 
and Oued Mellouk is  HCO3

− > SO4
2− > Cl−with bicarbonate as the dominant anion Deur-

deur, Ghrib, Harreza, Oued Fodda, Oued Mellouk, Sidi M’hamed Ben Taïba and Sidi Yak-
oub according to the Algeria National standard drinking quality 2015. Bicarbonate, formed 
by neutralization of  CO2, originated either by adsorption from the atmosphere or from the 
decomposition of organic matter in the recharge area. Weathering of silicates in the sedi-
ments of the study area also releases  HCO3

− into groundwater (Singaraja et al. 2016).

3.4  Salinity hazard

Electrical conductivity (EC) is the most important parameter in determining the suitability 
of water for irrigation use. Salinity hazard is the determination of the amount of salts in 
water and the risks it poses to soil when used for irrigation. The most influential irriga-
tion water quality guideline is the salinity hazard. Water with high EC or TDS is toxic to 
plants and causes soil degradation and therefore must be controlled. According to Richards 
(1954), based on average value of electrical conductivity (EC) (Tables 1, 2, 3, 4), the irri-
gation water salinity hazard of dams: Deurdeur and Oued EL Fodda, is in high class (C3), 
but irrigation water of dams: Harreza, Ghrib, Oued Mellouk, Sidi Yakoub is in very high 
class (C4). However, the water samples from Sidi M’hamed Ben Taïba with EC = 0.71 mS/
cm are in medium class (C2) which may be used in irrigation with none limitation (Bauder 
et al. 2014). Salinity hazard showed that few of water samples (13%) were of uncertain risk 
while the rest were inappropriate for irrigation.

3.5  Sodium adsorption ratio

The average values of sodium adsorption ratio vary from 0.71 meq/l in water Sidi M’hamed 
Ben Taïba dam to 4.46 meq/l in water Deurdeur dam. According to Richards (1954), the 
water of all the dams is in the low class because (SAR < 10).

The SAR and electrical conductivity values plotted on the Wilcox’s diagram Richard’s 
(1954) indicate that all of the groundwater samples belong to C4S4 category (Fig.  2). 
Water classification in this diagram is presented in two letters: the first letter which 
includes C1–C4 depicts water categories with raising salinity hazard, and the second letter 
which includes S1–S4 depicts water categories with raising peril of exchangeable sodium 
accumulation in irrigated soil.

The diagram showed three categories of water class: water Sidi M’hamed Ben Taïba 
in C2S1, water Deurdeur, Oued El Fodda and Oued Mellouk in C3S1, water Harreza and 
Ghrib in C4S1. Irrigation water of Sidi M’hamed Ben Taïba dam is the preeminent qual-
ity because of its low value of electrical conductivity and sodium adsorption ratio. How-
ever, irrigation water of Harreza and Ghrib dam C4S1 is considered particularly harmful 
according to USGS (2000) standard. These types of groundwater with very high salinity 
and sodium can be considered to have very poor quality, which can be used only for few 
plants with high salt tolerance.
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3.6  pHc and accustomed sodium adsorption ratio

The pHc varies between 7.08 and 7.42, is less than 8.4 and is less than the water pH. It 
thus permits an accumulation of bicarbonate in soil surface. Bicarbonate reacts with soil 
calcium and magnesium to form unsolvable compounds leading to accumulation of sodium 
in the soil via substitution. If this situation persists for a long term, high sodium levels with 
low calcium levels soil particles get dispersed and thus reduced water infiltration in the soil 
(Ayers and Westcot 1985).

3.7  Residual sodium carbonate

The residual sodium carbonate (RSC) is a superior index of the sodicity hazard of irriga-
tion water. Irrigation water having RSC values greater than 5 meq/l has been considered 
harmful to the growth of plants, while waters with RSC values above 2.5 meq/l are unsuita-
ble for irrigation. The RSC average values obtained in all studied dam waters vary between 
−1.62 and −13.52 meq/l and were less than 1.25 meq/l. Based on average RSC values, the 
water is measured suitable for irrigation (Wilcox 1958).

3.8  Percent sodium

A graphical method based on electrical conductivity and percent sodium is used to better 
understand categories of appropriateness of water for irrigation use (Wilcox 1955).  Na+ is 

Fig. 2  Classification irrigation water quality of dams
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an important cation which in excess deteriorates the soil structure and reduces crop yield 
(Ayers and Westcot 1985). High  Na+ concentration in irrigation water tends to be absorbed 
by clay particles displacing  Mg2+ and  Ca2+ ions. This exchange process of  Na+ in water 
for  Ca2+ and  Mg2+ in soil reduces the permeability and eventually results in soil with poor 
internal drainage. The Na % is calculated using the formula given below according to Wil-
cox’s classification.

The data of dam water plotted on the diagram (Fig. 2) show four class categories for 
irrigation: excellent (Sidi M’hamed Ben Taïba), good (Oued El Fodda, Oued Mellouk and 
Sidi Yakoub), permissible (Deurdeur), doubtful (Ghrib) and unsuitable (Harreza). The 
high percentage of sodium (60% >) in the irrigation water has negative effects on soil, as 
described above (Wilcox 1955).

3.9  Soluble sodium percent

The soluble sodium percentage (SSP) is also broadly utilized for assessing the appropriate-
ness of water quality restriction for irrigation (Wilcox 1948). The SSP average value of 
Sidi M’hamed water dam is < 20% (Table 1) that fell under class that permits low quantity 
of restriction on use for irrigation. The SSP of water samples from Ghrib, Oued El Fodda 
and Oued Mellouk is in the range that fall under class II (20 to 40%) where degrees of 
constraint for irrigation are used (Fig. 3). However, this degree of restraint is high for water 
samples from Harreza, Deurdeur and Sidi Yakoub that fall under class III (40–80%) (Ayers 
and Westcot 1985).

3.10  Kelly’s ratio

Sodium measured against calcium and magnesium was considered by (Kelly 1963) to clas-
sify waters for irrigation. Kelly’s ratio greater than 1 indicates an excess level of  Na+ in 
water. Therefore, water with the Kelly’s ratio less than 1 is suitable for irrigation, while 

Fig. 3  Suitability of irrigation water: SSP plot
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those with a ratio more than 3 are unsuitable for irrigation. Kelly’s ratio (KR) also allows 
assessing the appropriateness of water for irrigation purposes (Kelly 1963). The average 
value obtained is equal to 1.23 for water dam Deurdeur more than one. However, the aver-
age values vary between 0.23 and 0.82 for the rest of the dam waters (Table 1). Based on 
these results, all the dam waters are suitable for irrigation except Deurdeur dam water.

3.11  Permeability index

The calculation of PI values also indicated the suitability of groundwater for irrigation, as 
the soil permeability is effected by long-term use of irrigation water, as influenced by  Na+, 
 Ca2+,  Mg2+ and  HCO−3 contents of the soil (Selvam et  al. 2018). According to perme-
ability indices, the groundwater may be divided into Class I, Class II and Class III types 
of Doneen’s chart (1964) as shown in Fig.  4. Class I and Class II water types are suit-
able for irrigation with 75% or more of maximum permeability and Class III type of water 
with 25% of maximum permeability. The average permeability index values for all dams 
vary between 44.35 (Ghrib) and 65.58% (Deurdeur) (Table 1). According to PI values, the 

Fig. 4  Doneen’s chart of permeability index for the study area
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groundwater samples fall in Class I and II category in all the dams; it is indicating water is 
moderately suitable for irrigation purposes in the study area (Figs. 5, 6).   

3.12  Pearson correlation

The Pearson correlation coefficient is calculated to establish the correlation between two 
variables. Correlation coefficient values of electrical conductivity (EC) with  Ca2+,  Mg2+, 
 Na+,  K+,  Cl−,  SO4

2− indicate that the salinity of the water has diverse origins (Table 5). We 
notice that the residual sodium carbonate is inversely proportional to calcium and magne-
sium concentrations. The sodium is significantly correlated with soluble sodium percent-
age (SSP), sodium adsorption ratio (SAR), adjusted sodium adsorption ratio  (SARadj) and 
Kelly’s ratio (KR).

Fig. 5  Spatial bar diagram of major water quality parameters

Fig. 6  Spatial bar diagram of agricultural water quality parameters



5726 A. Merouche et al.

1 3

Ta
bl

e 
5 

 P
ea

rs
on

 c
oe

ffi
ci

en
t b

et
w

ee
n 

w
at

er
 q

ua
lit

y 
pa

ra
m

et
er

s

*,
 *

*C
or

re
la

tio
n 

is
 su

cc
es

si
ve

ly
 si

gn
ifi

ca
nt

 a
t 0

.0
5 

an
d 

0.
01

 le
ve

l

C
a2+

M
g2+

N
a+

K
+

C
l−

SO
42−

SA
R

SA
R

ad
j

R
SC

EC
SS

P
K

R
PI

C
a2+

1
M

g2+
0.

84
9*

*
1

N
a+

0.
75

5*
*

0.
69

2*
*

1
K

+
0.

83
8*

*
0.

76
5*

*
0.

82
6*

*
1

C
l−

0.
81

3*
*

0.
68

6*
*

0.
93

3*
*

0.
83

4*
*

1
SO

42−
0.

91
0*

*
0.

91
2*

*
0.

75
0*

*
0.

76
9*

*
0.

68
3*

*
1

SA
R

0.
46

3*
0.

38
9

0.
91

5*
*

0.
59

2*
*

0.
82

8*
*

0.
46

0*
1

SA
R

ad
j

0.
59

0*
*

0.
53

1*
0.

96
5*

*
0.

70
9*

*
0.

89
4*

*
0.

58
1*

*
0.

98
3*

*
1

R
SC

−
 0.

97
0*

*
−

 0.
94

7*
*

−
 0.

77
9*

*
−

 0.
83

5*
*

−
 0.

79
9*

*
−

 0.
95

7*
*

−
 0.

48
1*

−
 0.

61
5*

*
1

EC
0.

94
4*

*
0.

83
9*

*
0.

91
8*

*
0.

86
8*

*
0.

93
3*

*
0.

88
9*

*
0.

71
2*

*
0.

80
9*

*
−

 0.
94

5*
*

1
SS

P
0.

25
0

0.
16

0
0.

76
9*

*
0.

36
0

0.
69

1*
*

0.
24

9
0.

95
2*

*
0.

89
4*

*
−

 0.
26

3
0.

53
1*

1
K

R
0.

09
4

0.
01

4
0.

67
8*

*
0.

28
0

0.
58

6*
*

0.
08

6
0.

91
5*

*
0.

83
6*

*
−

 0.
09

9
0.

38
4

0.
96

8*
*

1
PI

−
 0.

36
3

−
 0.

45
7*

0.
26

4
−

 0.
04

5
0.

17
4

−
 0.

39
4

0.
59

4*
*

0.
46

4*
0.

39
1

−
 0.

09
1

0.
72

1*
*

0.
83

4*
*

1



5727Assessment of dam water quality for irrigation in the northeast…

1 3

3.13  Possible remediation techniques

Remediation techniques play an important role in cleaning up the contaminants in ground-
water. Remediation refers to the process of environmental cleanup of contaminated sites 
and the techniques to reduce or eliminate contamination from groundwater. Remediation 
pathways include transfer of contaminants alone or with contaminated groundwater to 
other place for the final treatment, confinement and destruction of contaminants in place. 
Technical principles for remediation can be divided into physical, chemical and biologi-
cal processes. Frequently used techniques are containment, pump and treat, extraction, 
stabilization/solidification, precipitation, vitrification, thermal desorption and bioremedia-
tion. Nevertheless, the continuous monitoring and the analysis of monitoring data are still 
required to conserve groundwater around this area.

4  Conclusion

The dam water in the higher and Middle Cheliff agricultural area located in northeast to the 
larger catchment Cheliff-Zahrez, central Algeria, was evaluated for their chemical compo-
sition and suitability for agricultural uses. The investigation indicates that pH of all dam 
waters is alkaline considered permissible for irrigation purposes. However, based on elec-
trical conductivity (EC) values, the dam water is classified into different classes between 
medium class (C2) and very high class (C4) of salinity hazard. Dam water of Sidi M’hamed 
Ben Taïba may be used for irrigation without limitation, but other dam’s water present high 
levels of salinity hazard; using that in irrigation at the long term may increase considerable 
the soil osmotic pressure and prevent thus the absorption of the water by plants. Based on 
sodium adsorption ratio and electrical conductivity, waters of these dams are classified in 
three categories: the water Sidi M’hamed Ben Taïba in C2S1, water Deurdeur, Oued El 
Fodda and Oued Mellouk in C3S1, water Harreza and Ghrib in C4S1. The water of Sidi 
M’hamed Ben Taïba dam is the most suitable quality for irrigation use. However, waters of 
Harreza and Ghrib dam are considered particularly harmful for irrigation.

In the long tenure, the high levels of bicarbonate concentration by reacting with soil 
calcium and magnesium to form insoluble compounds reduced water infiltration in the soil. 
At the same time, the residual sodium is negative for water from all dams. It indicates 
that waters are rich in calcium and magnesium comparatively to bicarbonate and carbon-
ate, measured suitable for irrigation. Based on sodium percent, the water dams are classi-
fied on four categories for suitability to irrigation: excellent (Sidi M’hamed Ben Taïba), 
good (Oued El Fodda, Oued Mellouk and Sidi Yakoub), permissible (Deurdeur), doubtful 
(Ghrib) and unsuitable (Harreza). The soluble sodium percentage also shows that water of 
Sidi M’hamed Ben Taïba dam has the best appropriateness for irrigation compared with 
waters of the other dams because it permits low degree of limitation on use for irrigation. 
The average permeability index values classify the water of the all dams as reasonably suit-
able for irrigation. Finally, it can be concluded using the water of these dams in irrigation, 
except that from Sidi M’hamed Ben Taïba dam, requires to make in parallel an agricultural 
drainage in order to prevent an unnecessary accumulation of wastages into the soil.

Further, this research appears it will integrate the real mechanism of the physicochem-
ical parameters interactions with groundwater modeling. In future, the continuous envi-
ronmental monitoring includes determination through recent models such as time series 
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analysis, artificial neural network and fuzzy GIS which are essential for identifying and 
preventing pollution in this area.
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