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Abstract 
The concern of this study is determine the quality of soil when irrigation used 
treated water and wastewater in comparison with soil irrigated with tap water 
on some chemical and physical soil properties. The experiment components 
were three trials carried out under greenhouse conditions, 10 pots for each 
trial. The first trial irrigated with tap water, the second trial irrigated by 
treated water and the third trial irrigated with wastewater. The experiment 
conducted to study the impact of water types on some soil physical and 
chemical properties. The experiment included important analysis for water 
and soil before and after irrigation. The results showed that the values for 
electrical conductivity (EC) were 0.850, 308 and 324 μs/cm for the treated soil 
with tap water, treated water and wastewater, respectively. The variation of 
pH values seems to be approximately constant between the different of water 
used. The percent of organic matter (OM) in soils receiving treated water and 
wastewater 4.7% and 5.2% respectively were higher than values in soil treated 
with tap water 3%. The same trend was in organic carbon (OC) in soils re-
ceiving treated water and wastewater 58.5% and 89% respectively, while soil 
treated with tap water showed the lowest value 27.7%. Soil particle density 
(SPD) increased significantly in both water treatments were the values was 2 
g/cm3 in tap water but increased value 2.8 g/cm3 and 3.3 g/cm3 in treated wa-
ter and wastewater used respectively. The Bulk Density (BD) values range 1.1 
g/cm3 in soil irrigated with tap water 1.5 g/cm3 in soil irrigated with treated 
water and 1.85 g/cm3 in soil irrigated with treated water. The results of soil 
analysis before and after planting showed that most of the values increased 
for the physical and chemical soil properties. 
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1. Introduction 

The shortage of fresh water resources is an ever-increasing concern worldwide. 
Particularly in the Middle East and North Africa, the availability of water is 
reaching critical levels and chronic water stress expected to continue to domi-
nate the region [1] [2], with increasingly high demands for fresh water, sewage 
being considered as a valuable resource [3]. In recent years, the use of wastewater 
for agricultural irrigation has become increasingly common, particularly in wa-
ter-scarce areas [4] [5] [6] [7]. Due to increasing interest in the use of sewage for 
irrigation and in light of the possible effects of sewage on agricultural soils and 
crop production, the influence of effluent irrigation on the physical, chemical, 
and biological properties of soil has been well-documented [8] [9] [10]. Previous 
studies have shown that sewage irrigation frequently accompanied by increases 
in macro- and micro-nutrients and heavy metals in the soil [11] [12], in addition 
to changes in soil microbial functional diversity and enzymatic activity [13] [14] 
[15]. Sewage irrigation can also increase the risk of crop and groundwater pollu-
tion [16] [17] and reduce soil quality and the infiltration rate [18].  

One important feature of soil structure is the pore features, including number 
and size [19]. Soil pores, particularly macro pores (diam. > 1000 µm), play a 
critical role as preferential pathways for water, air and solutes through the soil 
profile [20] [21] [22]. Several studies have considered the effect of irrigation with 
sewage on soil water permeability. These studies have shown that the change in 
soil pores at the soil surface resulting from the swelling and dispersion of clays 
and accumulation of suspended solids results in a reduction in the infiltration 
rate or hydraulic conductivity. 

Wastewater is recognized to have direct effect on soil chemical properties. It 
affects supply of mineral macro and micronutrients for plant growth, soil pH, 
soil buffer capacity and soil CEC. Mohammad and Mazahreh [23] found at the 
end of the growing season that soil pH significantly lower when wastewater ap-
plication and they attributed this decrease to the high content of ammonium in 
wastewater, which its nitrification would serve as a source of hydrogen ions thus 
causing a decrease in soil pH. It also found that wastewater irrigation increased 
the level of soil salinity due to the wastewater salt content. Other researchers 
found that wastewater irrigations increased soil nitrogen (N), phosphorus (P) 
and potassium (K), while heavy metal levels tended to generally increase in soil 
with increasing number of years of irrigation. In contrary, also they found that 
soil (Zn) and (Cu) not significantly affected by wastewater irrigation. 

Arid and semiarid regions are characterized by evapo-transpiration that ex-
ceeds precipitation during most of the year. Therefore, agriculture in these re-
gions relies on supplementary irrigation to enable productive crop growth. At 
the same time, one of the main environmental problems in these regions is a 
shortage of freshwater, which is expect to become more severe in the future be-
cause of the growing pressure on water resources, as well as climate change. 
Therefore, in these regions, one of the challenges facing agriculture, which 
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commonly uses large amounts of water, is to find new sources of water for irri-
gation. One of the alternatives that have become more common in recent years 
is the reuse of treated domestic sewage (effluent) for irrigation. Currently, the ef-
fluent used for irrigation mainly obtained after secondary (biological) treatment. 
However, this effluent differs from freshwater in its salinity, sodicity, pH, and 
concentrations of microelements, nutrients, dissolved organic matter (DOM), 
and total suspended solids (TSS), all of which are significantly higher than in 
freshwater. With regard to soil hydraulic properties, these differences in the 
quality of the effluent can affect water movement through the soil, either because 
of differences in the compositions of the percolating solutions, or because of 
changes in the chemical and physicochemical properties of the irrigated soil; 
changes that could affect soil structure [24]. 

The effects of irrigating with wastewater on soil chemical properties reported 
by many researchers [25] [26]. Moreover, the effects of irrigation on soil physi-
cochemical properties in arid and semi-arid environments well documented. 
However, there is little information on the effects of small-scale irrigation on soil 
physicochemical properties in humid and sub-humid environment. 

Research methodology to achieve the objectives of research work, there is a 
need to study and understand the fundamentals of the physical and chemical 
properties for soil (before and after agriculture) with use different sources of 
water. This take action by applying lab tests and analysis for soils, tap water, 
treated water and wastewater. 

2. Materials and Method 

The experiment conducted to study the effect of short-term irrigation with 
different water types (tap water, treated water and wastewater) on some chem-
ical and physical soil properties. Three trials carried out under greenhouse 
conditions at Palestine Technical University (Kadoorie), Faculty of Agricultur-
al Science and Technology, Department of Environment and Sustainable 
Agriculture. Cultivation of Cabbage crop started at 24 September 2019, the 
experiment components three trials included 10 pots for each trial. First trial 
irrigated by tap water, the second trial irrigated by treated water and the third 
trial irrigated by wastewater. Manual surface irrigation used until the crop 
harvested after 120 days from planting. The research methods involved collec-
tion of soil samples before and after agriculture to analyze in labs for selected 
parameters. 

2.1. Study Area 

Tulkarm is a Palestinian city located North West of the West Bank in the middle 
of the coastal plain. Tulkarm rise from the sea level from 55 meters west to 600 
meters east, its land area is 32,610 dunum and is about 15 km from the Mediter-
ranean coast. The site of the city historically a site of commercial and military 
importance has played a major role in the growth of the city. The location of 
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Tulkarm characterized by soil fertility and abundant water availability, whether 
rain or rain, these conditions have led to a great growth and development of the 
city as shown in Figure 1.  

2.2. Soil Sampling: Physicochemical Parameters 

Soil samples irrigated with tap water, treated water and wastewater selected to 
compare the impact of water sources on soil. Soil used were collected from the 
university farm, soil divided to three groups according to different water types 
used. 30 samples of soils collected from all experimental units. The samples col-
lected two different times before agriculture or planting and after harvested. The 
soil samples analyzed for the following Physical parameters: Soil Texture, Bulk 
Density, Soil moisture, hygroscopic water, particle density and porosity. The 
chemical parameters consisted of organic matter (OM), organic carbon (OC), 
Electrical conductivity (EC), sodium (Na), potassium (K), Phosphorus (P) and 
pH. Each soil sample taken for analysis after harvest consists of a mixture from 
10 replicates to give a representative sample of the treatment with the type of 
water used. 

1) pH determination 20 g of soil was soaked in 50 ml distilled water and mix-
ing well until dissolved. Leave the solution 16 hours. Then the pH was deter-
mined by using a pH meter after calibration [28]. 

2) Electrical conductivity (EC) determination 50 g of soil taken then drops 
from distilled water added with stirring until reaching saturation paste. Solution 
left 16 hours. Centrifuging at 1500 tour/min for 5 min done. Then we measured 
from supernatant with an EC meter at 25˚C [28]. 

3) Sodium (Na) and Potassium (K) determination 4 g of soil dissolved in 100 
ml of Ammonium acetate. Then the solution filtered. Na and K measured with a 
flame photometer [28]. 

 

 
Figure 1. Tulkarm, west bank/palestine (Study Area) [27]. 
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4) Phosphorus (P) determination 2.5 g of soil weighted in beaker 250 ml. Then 
50 ml (NaHCO3, 0.5 N at pH 8.5) added and the mixture then stirred in a reci-
procating stirrer for 1 hour. The solution filtered through filter paper < 2 m. Then 
(P) was determined by using a UV Visible Spectrophotometer at 825 nm [29]. 

5) Organic Matter determination 0.5−1 g of dry soil weighted in beaker 250 ml. 
Then 15 ml (Potassium Bichromate, K2Cr2O7, solution 1 N) was added and 20 ml 
of H2SO4 acid. Then 50 ml was titrated with Mohr’s salt (0.5 N) [30]. 

2.3. Layout of the Experiment 

The experiment carried out under greenhouse conditions at Palestine Technical 
University (Kadoorie), Faculty of agricultural Science and Technology, Depart-
ment of Environment and Sustainable Agriculture collaboration with Laboratory 
agriculture research center (Kadoorie). Cultivation of Cabbage crop started at 24 
September 2019, the experiment components were three trials included 10 pots 
for each trials illustrated in Figure 2. 

3. Results and Discussions  
3.1. Water Analysis 

The results of water characteristics, in terms of some physical, chemical were 
determined for water samples analysis (Table 1). Characteristics of water used 
for irrigation in the experiment.  

3.2. Soil Analysis 

The soil quality tests analyzed for two types of quality characterizations, chemi-
cal and physical analysis as shown in Table 2. The method used to determine 
soil texture is a quantitative method using special soil sieves with meshes of dif-
ferent grades, a pre-weighed sample of dried soil put on top of a column of these 
sieves and shaken for 30 minutes. The soil collected in each progressively smaller 
mesh sieve is carefully collected and weighed, then distributions of various size, 
soil particles can calculated as a percent of the total weight of the sample. 

 
Table 1. Characteristics of water used for irrigation in the experiment. 

 unit Waste water Treated water 

Dissolved Oxygen (DO) mg/L 3.8 6.2 

Total Suspended Solids (TSS) mg/L 1270 380 

Total Dissolved Solids (TDS) mg/L 1130 950 

Chemical Oxygen Demand (COD) mg/L 720 340 

Biochemical Oxygen Demand (BOD) mg/L 260 32 

Organic Carbon (OC) mg/L 186 117 

Turbidity mg/L 216 151 

Electrical Conductivity (EC) μSemins 1885 1730 

pH Normal range (6.5 - 8) 7.5 8 

Sodium (Na) mg/L 62 58 

Potassium (K) mg/L 5.2 5 
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Table 2. The results for physical and chemical soil analysis under different types of water source. 

 Physical analysis  

Soil treatments Soil texture 
Hygroscopic  

water % 
 

Soil  
moisture % 

porosity 
Particle density 

g/cm3 
Bulk density 

g/cm3 
Specific  
gravity 

 

Before irrigation clay 1.8  19 45 1.8 1.0 1.03  

After irrigation 

Tap water (T1) clay 2  20 47 2 1.1 1.09  

Treated water (T2) clay 10  15 64 2.8 1.5 1.06  

Wastewater (T3) clay 9  17 70 3.2 1.8 1.02  

 Chemical analysis  

 
Organic  
matter % 

Organic  
carbon % 

Total  
nitrogen % 

EC 
μs/ cm 

pH 
Na 

mg/Kg 
K 

mg/kg 
P 

ppm 

Before irrigation 2.9 25.8 0.253 0.780 7.1 12.2 0.87 2.9 

After irrigation 

Tap water (T1) 3 27.7 0.273 0.850 7.3 15 0.95 4.6 

Treated water (T2) 4.7 58.5 0.339 308 7.6 106 30.7 7.5 

Wastewater (T3) 5.2 89 0.476 324 7.9 113 32 7.6 

 

 

Figure 2. Design and format the experiment under greenhouse condition. 

3.2.1. Soil Chemical Analysis 
The variation of pH values seems different of water used, the pH lower value 
appear in the soil irrigation by tap water. Soil analysis showed that the soil pH 
ranged from 7.3 in tap water, 7.6 in soil irrigated by treated water and 7.9 in soil 
irrigated by wastewater. Soil pH directly affects the life and growth of plants be-
cause it affects the availability of all nutrients in the soil [15]. FAO, [31] these 

First trial
Tap Water

Cabbage Crop

Second trial
Treated Water

Third trial
Wastewater

https://doi.org/10.4236/ojss.2021.118020


B. Natsheh 
 

 

DOI: 10.4236/ojss.2021.118020 395 Open Journal of Soil Science 
 

values considered slightly normal according to the limits recommended by [32]. 
Between pH 6.0 and 6.5, most plant nutrients are in their most available state 
[16]. Our result agrees with Mutengu et al., [33], Kiziloglu et al., [34]; Angin et 
al., [35] explained that the use of treated wastewater (TWW) for irrigation can 
have detrimental effects on soil quality.  

Soil electrical conductivity (EC) is a measurement that correlates with soil 
properties that affect crop productivity, including soil texture, Cation exchange 
capacity (CEC), drainage conditions, organic matter level, salinity, and subsoil 
characteristics. The values for EC were 0.850 μs/ cm in tap water, 308 μs/ cm in 
treated water and 324 μs/cm for the soil treated with wastewater. Mean that the 
accumulated minerals in soil during the experiment under irrigation with 
treated water and wastewater. The EC explains the presence of salinity which is 
the most important indicator regarding to fields irrigated with wastewater [15]. 
Bratby [36] reported indeed to combat this salinity is possible by applying more 
normal water than the plant needs to remove the salts from the root zone by 
leaching [37]. 

The concentrations of Na in soils receiving treated water and wastewater were 
significantly higher than values in soil treated with tap water 106 ppm, 113 ppm 
compared to 15 ppm. The results also clarified the relationship between periodic 
time of grey water and wastewater applications and heavy metals accumulations 
in the soil. Minimum concentration of sodium obtained in the case of Bait alka-
sham [26] found such result. Soriano et al., [38] found Sodium is one of most 
concern among the specific toxic ions. It reported that sodium directly affects 
the availability of crop water and causes adverse physio-chemical changes in the 
soil, particularly to soil structure. It has the ability to disperse soil thus leading to 
decreased permeability, lowered shear strength and increased compressibility 
[39] [40]. 

Nitrogen (N) In parallel, using wastewater led to improve total nitrogen in soil 
which was significantly high in soil irrigated with waste water with average of 
0.476% compared to those irrigated with tab water 0.273%. Akponikpe et al., 
[41] and Mutengu et al., [17], found similar results. It known that N and P are 
considered as the important macro nutrients that are required by crops for am-
ple growth. 

The percent of organic matter (OM) in soils receiving treated water and 
wastewater 4.7% and 5.2% respectively, higher than values in soil treated with 
tap water 3%. The results also do show the relationship between periodic time of 
treated water and wastewater applications and OM accumulations in the soil, 
while the results of soil treated with tap water show the lowest value. The same 
trend was in organic carbon OC in soils receiving treated water and wastewater 
58.5% and 89% respectively, while the results of soil treated with tap water show 
the lowest value 27.7%. The organic matter is widely regarded as a vital compo-
nent of soil fertility because of its role in physical, chemical and biological 
processes to supply the plants with the nutrients and helps soil to keep the 
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moisture [22]. Valipour and Singh [42] reported the best amount of organic 
matter found in the soil irrigated with wastewater. It showed 2.00% compared to 
0.74% obtained in the case of the soil irrigated with groundwater. This implies 
that wastewater contains organic matter compounds. This is in agreement with 
several studies, which have shown that (TWW) irrigation increases soil’s organic 
matter [3] [23] [34] [43]. 

Phosphorus (P) Phosphorus considered one from the important nutrients that 
has direct effect on the growth and productivity of plant [24]. Average values of 
Phosphorus were high in soil irrigated with wastewater, 7.6 ppm, compared to 
4.6 mg/l in soil irrigated with tab water. These results are consistent with those 
of Sacks and Bernstein [24] [44] and Akponikpe et al., [25] [41] have a sure in-
dicator that (TWW) irrigation with wastewater increases soil phosphorus.  

Potassium (K) Potassium considered the second important macro element for 
soil and crop productivity. It said that the effluent [16] [28] would supply potas-
sium normally required for agricultural crop production [32] [45]. Results showed 
that irrigated soil with wastewater contains large amount of Potassium. It ob-
served that there is increase in value of potassium (K) in the soil irrigated with 
wastewater and treated water (32 and 30 mg/kg) in comparison with 0.95 mg/kg 
in soil irrigated by tap water. 

3.2.2. Soil Physical Analysis 
Soil texture refers to the percentage by weight of sand (particles between 0.05 to 
2.0 mm), silt (0.002 to 0.05 mm), and clay (<0.002 mm) in a soil sample. It based 
on that part of a field dried soil sample that passes through a 2-mm sieve. The 
type of soil particle (sand, silt or clay) that makes up the highest percentage of 
the sample used to describe the soil texture class. The conclusion about using 
treated water and wastewater for short term, as irrigation water in agriculture 
does not affected on soil texture. 

Bulk density is an indicator of soil compaction. It is calculated as the dry 
weight of soil divided by its volume. This volume includes the volume of soil 
particles and the volume of pores among soil particles. Bulk density typically ex-
pressed in g/cm3. Soil bulk density which irrigated by types of water were values 
increasing in soils irrigated with treated water and wastewater in comparison 
with soil irrigated with tap water. The values range 1.1 g/cm3 in soil irrigated 
with tap water 1.5 g/cm3 in soil irrigated with treated water and 1.85 g/cm3 in 
soil irrigated with wastewater. 

Porosity of surface soil typically decreases as particle size increases. This is due 
to soil aggregate formation in finer textured surface soils when subject to soil bi-
ological processes. Aggregation involves particulate adhesion and higher resis-
tance to compaction. Typical bulk density of sandy soil is between 1.5 and 1.7 
g/cm3. This calculates to a porosity between 0.43% and 0.36%. Typical bulk den-
sity of clay soil is between 1.1 and 1.3 g/cm3. This calculates to a porosity be-
tween 0.58% and 0.51%. The treated water and wastewater irrigation caused a 
reduction in the soil porosity; however, there was a significant difference be-
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tween the soil irrigated with tap water and wastewater irrigation treatments. 
Soil particle density increased significantly in both water treatments. This was 

due to the particles dispersion and sedimentation of clay particles. Although the 
wastewater contains considerable organic matters were the values was 2 g/cm3 in 
tap water but increased value 2.8 g/cm3 and 3.3 g/cm3 in treated water and 
wastewater used respectively. 

Soil moisture content decreased according to the water type used were the 
values 20% in soil used tap water and decreased 15% were used treated water 
and reached 17% with using wastewater. 

4. Conclusion  

After evaluating the data collected from the experiment, it is clear that several 
types of irrigation e.g., treated water and wastewater play an important role in 
soil chemical and physical properties even for short time irrigation. The specific 
conclusions: soil pH remained within the normal range of 6.5 - 8 with an appar-
ent decrease during dry season suggesting acid leaching. The wastewater irriga-
tion caused a reduction in the soil porosity; however, there was no significant 
difference between (low effects for short time) the wastewater and groundwater 
irrigation treatments. The soil irrigated by treated water and wastewater in-
creased the BD, PD, comparing with tap water irrigation. The result of most 
chemical properties showed that the soil parameters significantly affected by ap-
plication of treated water and wastewater irrigation. Irrigation with wastewater 
increased the concentrations of electrical conductivity, OC, Na, and K in soils ir-
rigated by sewage water compared to the ground water irrigation. Considering 
these results, we can concluded that using wastewater or treated water sources 
without adequate safeguards draw attention to several issues even if used for 
short time irrigation. The findings not allow nor recommended to the farmers 
and families in rural areas to continue reusing the wastewater without restricted 
irrigation, without apprehensive for long-term reuse. In addition, it recom-
mended treat the wastewater in a good way before reuse it as agricultural irriga-
tion with continuous soil analysis and testing. 
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