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Abstract
This study aimed to evaluate the impact of using secondary treated wastewater for the purpose of irrigating alfalfa

and barley crops during the fall agricultural season on some characteristics of the sandy loam soil in the AL-Hadba
EL-Khadra agricultural project located south of the city of Tripoli-Libya. It was found that the irrigated soil
samples were not characterized by high concentration levels of exchangeable sodium cations, which were found to
be less concentrated than other exchangeable cations, the exploitation of this water for irrigation purposes in the
project began in 1970 until the date of publication of this paper.

Keywords: Cation exchange capacity, Exchangeable cations, Exchangeable sodium percent, Secondary treated

wastewater, Supplementary irrigation.
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1-INTRODUCTION:

The use of wastewater for irrigation purposes is associated with health and environmental risks. This
practice is largely unregulated in low income countries (Scot ef al, 2004). There are several other
studies on treated wastewater use in irrigation (Blumenthal ef al, 2000; Qadir et al, 2010;
Kalavrouziotis et al., 2015). (Robert S Ayers, 1977) Highly recommended to take into account the
degree of salinity, soil permeability and toxicity as criteria for the suitability of water for irrigation
purposes.

Evaluating the suitability of water for irrigation is one of the important considerations, so the rate of
sodium absorption (SAR) of soil water which provides a reliable estimate of the exchangeable sodium
percent (ESP) in soils must be taken into account. Richards (1954) used SAR in place of ESP for
diagnosing sodicity problems.

Ran Erel et al., (2019) reported that the irrigation of olive (Olea europaea L.) with reclaimed wastewater
over eight years, it led to increase ESP of irrigated soil. As a result, negative effects occurred on
irrigated soil properties.

Aim of this study is to evaluate the impact AL of the use of secondary treated wastewater for irrigation
purposes at —~Hadba EL-Khadra agricultural project, Tripoli — Libya on irrigated soil properties.
2-MATERIALS AND METHODS

2.1- Study area

This study was conducted on soil samples from AL-Hadba EL-Khadra Agricultural Project, Tripoli —
Libya which is located under wastewater irrigation (Map 1). The study area has a Mediterranean climate
and the average annual rainfall is 430 mm.

2.2. Soil and water samples

Soil samples were collected from three plots, the first plot (Field 1) was cultivated with alfalfa (Medicago
sativa L.) Under permanent irrigation, the second plot (field 2) was cultivated with barely (Hordeium
vulgare L.) under supplementary irrigation, and the third plot (field 3) was a fallow and was used as a
control. Soil samples from each plot were collected from 0 — 20, 20 — 40, 40 — 60 and 60 — 80 cm
depths. Moreover, 5 wastewater samples that used for irrigation were taken to the laboratory for
analysis.

Some of the soil chemical properties were measured using standard methods. Exchangeable cations
were determined using ammonium acetate extract method while cation exchange capacity using
ammonium acetate and sodium acetate extract method (Bower ef al, 1952, Page et al, 1982). In
addition, some chemical properties for secondary treated wastewater (irrigation water) were measured
too. Moreover, SAR of irrigation water samples and ESP of irrigated soil samples were calculated

according to the following equations.

771



Map (1)- Shows a drawing of the AL-Hadba EL-Khadra agricultural project, including Study fields (A)
and (E) with control field (K)

Na
/Ca + mg
SAR = 2 where all concentrations are in mill equivalent /I
Ex — Na
——x100
ESP = CEC where all concentrations are in mill equivalent / 100 g dry soil.

2.3. Statistical analysis

The results obtained from this study were analyzed statistically using the statistical program (Minitab14).
A one-way analysis of variance at a significance level of (.05. was conducted to evaluate the
differences in some characteristics between fields and between different depths (Mead ef al., 2003).

3. RESULTS AND DISCUSSION

3.1. Irrigation water properties
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From the data presented in table 1 it is clear that irrigation water (wastewater) was nearly neutral in
reaction with average pH values of 7.28. In addition, it was classified as C3 — S1 as it has high salinity
and low sodium hazard (Richards, 1954).

3.2~ Irrigated soil properties.

This study, indicated that the irrigation with wastewater of Electronic conductivity 2.250 dS m™!, TDS
1440 ppm and sodium adsorption ratio of irrigation water (SAR,,) 2.77 mmol, ! (Table 1) resulted in a
significant increase (p<0.05) in SAR of soil water (SAR;,) under permanent irrigation (Field 1) compared
with SAR;,, under supplementary irrigation (Field 2) and SAR;,, which is not irrigated (Field 3). However,
the difference in sodium adsorption ratio of soil water between soils in field 2 and soils in field 3

statistically was not significant.

Table—-1- Properties of irrigation water, average values of irrigation water analysis (n=>5)

Mean concentration” parameters Number
7.284 pH 1
2.250 EC (dsm™) 2
1440 TDS ppm 3
19 Ca"™ megq/| 4
35.11 Mg™™ meq/! 5
14.4 Na*! meq/| 6
Nil CO;?%  ppm 7
256 HCO,!' ppm 8
443 cr! ppm 9
172 SO, 2  ppm 10
2.77 Sodium Adsorbed Rate 11
SAR;, (mmol, 1™

(Indira Paudel et al. (2018)) reported that the changing in irrigation water quality from treated
wastewater to fresh water improved irrigated soil properties and aggregate stability of the soil.

SAR of the soil solution was increased in the wastewater irrigated treatments resulting in a significant
(P<0.05) increase in ESP which is reaching nearly double that of the control treatment (mean 22.05 %
for field No 1, 16.18 % for field No 2) versus mean 7.73 % for field No 3 which is not irrigated (Table

4). Other researchers, Ran Erel ef al. (2019) were observed similar results.
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The average cation exchange capacity for soils irrigated and not irrigated with wastewater were relatively
low (7.40, 7.74 and 7.36 meq/100g dry soil) for permanent, supplementary wastewater irrigated soils
and for not irrigated soils respectively

The average cation exchange capacity (CEC) of the irrigated and not irrigated soils under study were
relatively low (7.40, 7.74 and 7.36 meq/100g dry soil) for permanent, supplementary wastewater
irrigated soils and for not irrigated soils respectively. These low CEC values could be attributed to the
low organic matter and clay content of the irrigated and not irrigated soils (Table 4). In contrast, several
researchers stated that long term wastewater irrigation rises organic matter content and CEC of irrigated
soils (Sanchez-Gonzalez et al., 2017; Ganjegunte et al., 2018).

3. 3— Exchangeable cations

About 15.13 % of the exchangeable cations on the exchange sites of the soil in field (1) accounted for
exchangeable calcium, for field (2) was 14.21 % and 5.29 % for field (3) which is not irrigated. The
increase in exchangeable calcium under wastewater irrigation treatments (permanent and supplementary
irrigation) statistically were significant (p<0.05).

In addition, the increase in exchangeable calcium under wastewater irrigation treatment might be due to
a high concentration of soluble calcium in irrigation water. (Kiziloglu et al. 2008) reported that the
irrigation of cauliflower and red cabbage plants grown with primary treated wastewater treatment leads to
an increase in soil salinity, organic matter, exchangeable Na®, K', Ca’™, Mg, of irrigated soil. A
significant decrease in soil solution electrical conductivity, Na* and CI” concentration, sodium adsorption
ratio (SAR), exchangeable sodium percentage were found after change of irrigation water quality from
treated wastewater to fresh water (Indira Paudel ef al. 2018).

Exchangeable potassium accounted for 17.9 % of exchangeable cation on the exchange sites of the
permanent wastewater irrigated soil (Field 1), 22.1%, of the supplementary wastewater irrigated soil
(Field 2) and 25.13 on the exchange sites of not irrigated soil (Field 3), which used as a control.
However, statistically, there were no significant differences in exchangeable potassium concentration
between fields and between different layers within the same field. These results might be due to the
mineral composition of the project’s soil.

Table-2- Mean concentration values of exchangeable cations for soil samples in the three fields on the

depths level.

Exchangeable cations ( meq / 100g dry soil ) depth Field -
Mg"™ Ca™ K" Na* (cm) | No

1.18 (@) 0.98 (@) 1.37 (a) 0.737 (a) 20-0

1.39 (@ab) 1.04 (ab) 1.27 (ab) 0.62 (ab) 20-40 Alfalfa
1.55 abc) |1.12 (abgc) 1.40 (abcad) 0.67 (abc) 40-60 (1)

1.58 (@bcd) | 1.34 (@abc) 1.28 (abcad) 0.74 (abcad) 60- 80
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1.74 (@bcd) | 1.48 (@abc) 1.66 (abcad) 1.23 (abcd) 20-0

1.38 (@bcd) |1.13 (@abc) 1.51 (abcad) 0.92 (abcad) 20- 40 barley
1.25 (@bcd) |0.93 (@abc) 1.66 (abcad) 0.79 (abcad) 40- 60 (2)
1.06 (@bcd) [0.86 (@abc) 1.74 (abcd) 0.81 (abcad) 60- 80

1.97 (@abc) 0.48 (@abc) 1.88 (abcad) 0.75 (abcad) 20-0

0.54 (ab) 0.29 (ab) 1.91 (abcad) 0.58 (abcd) 20-40 control
0.53 (ab) 0.33 (ab) 1.68 (abcad) 0.51 (abcad) 40- 60 (3)
0.55 (ab) 0.39 (©) 1.96 (abcad) 0.58 (abcad) 60- 80

Table-3- Mean concentration values of exchangeable cations for soil samples at the level of the three

fields

* Exchangeable cations ( meq / 100 g )
Field— No
Mg** Ca* K* Na*
Alfalfa
1.43 (a) 1.12 (a) 1.33 (a) 0.69 (a) )
Barley
1.15 (a) 1.10 (a) 1.64 (a) 0.94 (a) )
Control
0.89 0.39 1.86 (a) 0.61 (a) 0)

*— Means in the same column and that have the same letter after them are not significantly different at

(P<0.05).

3.4 — Exchangeable Sodium Percent (ESP)

The Exchangeable Sodium Percent on the soil exchange sites of field No (1) under permanent irrigation
and field No (2) under supplementary irrigation were significantly increased by the average of 22.05,
16.18 % respectively compared with ESP on the soil exchange sites of field No (3) which is a control by
the average 7.73 % (Table 4). The highly increased in ESP under permanent and supplementary
irrigation might be attributed to the high sodium content in irrigation water. Many workers elsewhere
have reported that the sodicity has been shown to increase as the SAR of irrigation water increase
(Paliwal and Grandhi. 1976, Al-Jaloud ef al, 1993). Through the results obtained from the current
study, it is clear that the use of this type of wastewater for irrigation purposes since 1970 to irrigate
alfalfa (Medicago sativa L.) and barely (Hordeium vulgare L.) has not had any negative effects that

prevent its use.
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Table-4 — Mean concentration values of SAR, ESP and CEC for soil samples on the level of the three

fields
SAR ESP CEC depth Crop & Field
(mmol, ™" (%) Meq/1009 )( (cm) number
5.59 (@) 16.99  (a) 7.88 (@) 20-0
4.82 (@) 18.12 (abcd) 7.39 (b) 20-40 alfalfa
4.37 (@b) 24.65 (abcd) 7.21 (@abc) 40-60 (1)
3.59 (@bc) 28.45 (abc d) 7.11 (@bcd) |60-80
2.77 (bcd) 25.28 (abcd) 7.98 (@bcd) |20-0
3.02 (bcd) 16.32 (abcd) 7.49 (@bcd) |20-40 barley
2.94 (cd) 11.33 (abcd) 7.72 (@bcd) |40-60 (2)
2.87 (cd) 11.79 (abcd) 7.78 (@bcd) |60-80
2.37 (cd) 8.83 (@abcd) 6.61 (bcd) 20-0
1.95 (cd) 7.89 (@abcd) 7.61 (@bcd) [20-40 control
1.73 (cd) 6.85 (@abcd) 7.57 (@bcd) |40-60 (3)
2.00 (cd) 7.35 (@abcd) 7.66 (@bcd) |60-80
* ESP CEC
Crop & Field number
(%) (meq/1009)
alfalfa
22.05 (a) 7.40 (a) .
16.18 (a) 7.74 (a) Zarley
control
7.73 7.36 (a) 3

* — Means in the same column and that have the same letter after them are not significantly different at

(P<0.05)-
4- CONCLUSION

From this study we can conclude that the exploitation of secondary treated wastewater for irrigation

purposes for more than 50 years in AL-Hadba EL-Khadra Agricultural Project, Tripoli — Libya did not

have negative effects on the characteristics of the irrigated soil that would prevent it from being

exploited.
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