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ABSTRACT 
 
 Today, water scarcity and declining water quality lead to use of unconventional water in farming including 
wastewater and urban sewage. In order to examine how wastewater irrigation possibly affect trend of changes in 
calcareous soil chemical properties, a field experiment has been carried out at Ahvaz Experimental Station 
(AES) during 2010-2011. The experiment was laid out under RCBD with five treatments and three replications. 
Composite soil samples were collected according to growth stages of wheat at 0-30cm depth interval of topsoil. 
The experimental treatments were %100 ordinary water (T1), %75 ordinary water+ %25 wastewater (T2), %50 
ordinary water+%50 wastewater (T3), %25 ordinary water+ %75 wastewater (T4), and %100 wastewater (T5). 
Chemical analysis of wastewater revealed that electrical conductivity exceeded allowable range; however, 
wastewater pH remained in the permissible range. The concentration of chloride ion and trace elements in 
studied wastewater significantly exceeded permissible ranges recommended by FAO for irrigation practice. It 
was also indicated that use of refined urban sewage increased soil salinity (%40), organic carbon (%1.5), 
absorbable phosphorus (%41), zinc (%1.7), manganese (%7) considerably compared to initial parameters, 
whereas it did not affect on pH variation and copper concentration. In general, the results approved use of 
refined wastewater as a fair alternative for ordinary water. 
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Introduction 
 
 Increasing urban population, development of 
industrial and agricultural food-producing activities 
and successive severe droughts have driven fresh 
water over-consumption during recent years. 
Moreover, unstoppable production of undesirable 
material such as wastewater and urban solid waste 
grows unprecedentedly. The urban wastewater, itself, 
causes irreparable damages to environment if it 
would not be appropriately refined and disposed. 
Wastewater reuse needs to be considered an 
irrigation source more than ever before as the 
country faces extreme scarcity of fresh water and use 
of low quality or unconventional water as an 
alternative source for irrigation is inevitable [1]. 
 Numerous efforts were made to study qualitative 
outcomes of irrigation using refined wastewater for 
soil over a long period. Qian and Mecham [23] and 
Rusan et al. each reported increased soil salinity and 
Na accumulation associated with longer periods of 
irrigation using refined urban sewage led to 

decreased aggregate stability and soil hydraulic 
conductivity [23]. However, the presence of Ca and 
Mg in calcareous soils can mitigate this deleterious 
effect [16].Wastewater contains a large amount of 
nourishing ingredients which can feed the crops. In 
addition to enrich nourishing ingredients of soil, 
several studies revealed that organic compounds in 
wastewater would be decomposed by 
microorganisms as soon as they would integrate into 
soil; hence, increasing humus, and finally improving 
the physicochemical properties as well as  soil 
fertility [30,7]. Wastewater is also an important 
source of nutrients for crop production particularly 
for poorly fertile soils [15]. Irrigation using raw 
wastewater probably increases soil organic matter, 
nitrogen and concentrations of major cations [5]. 
However, it has been associated with negative 
impacts on health [11,24]. Long-term irrigation using 
raw wastewater possibly drives accumulation of 
heavy metal, and consequent quality loss of soil 
depending on the wastewater origin [17,19]; hence, 
wastewater refinement is routinely recommended 
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before its use in irrigation [29]. The present study 
focuses on examination of probable effects of refined 
wastewater on trend of changes in soil chemical 
properties. 
 
Material and Methods 
 
 The experiment was carried out in Ahvaz 
Experimental Station (AES) during 2010-2011. AES 
is situated at longitude 48º 40' east and latitude 31º 
20' north. The average annual rainfall is 224.7mm 
and the mean temperature reaches 22ºC. 
 Land preparation was first conducted in 
experimental plots. Chemical fertilizers were not 
methodologically included as this study aimed at 
investigating effects of nutrient elements in 
wastewater. The experiment was laid out under 
RCBD with five treatments and three replications. 
The experimental treatments were%100 ordinary 
water (T1), %75 ordinary water+ %25 wastewater 
(T2), %50 ordinary water+%50 wastewater (T3), 
%25 ordinary water+ %75 wastewater (T4), and 
%100 wastewater (T5).  
 The water required for experiment was supplied 
from Karun River. Refined wastewater was provided 
by Ahvaz Refinery Plant; transferred to experimental 
station and temporarily stored in a tank. The overall 
water use of irrigation was measured based on the 
percentage of soil moisture using monitoring method. 

Irrigation was performed using counter with plot 
method. The sampling was then carried out at 0-30 
depth interval in order to decompose initial soil. 
During the research, composite soil sampling was 
performed through five growth phases of wheat 
(tillering, stem formation, branching, flowering and 
ripening). In lab, the samples were air dried and 
sieved samples were chemically analyzed. 
 In saturated clay extract, salinity, pH and 
organic material were measured by EC meter, pH 
meter [22] and wet oxidation [32], respectively; also, 
absorbable phosphorous was measured according to 
Olsen and Summers [21]. Microelements were 
measured through DTPA extraction (0.05 Molar) and 
chloride calcium (0.01molar) in pH=7.3 using atomic 
absorption. Raw data was recorded in Excel; the 
diagrams were then drawn and data was preliminarily 
reviewed. Statistical analysis was performed using 
SPSS. 
 
Results and Discussion 
 
Water quality and refined wastewater:  
 
 The chemical properties of ordinary water and 
refined wastewater such as electrical conductivity, 
pH, and the concentrations of macro elements, micro 
elements and trace elements were measured over 
growth period. Data are shown in table1. 

 
Table 1: The chemical properties of ordinary water and refined wastewater 

 EC pH N P K Cl Cd Fe Mn Zn Cu

 dsm-1 
- % mg l-1

Wastewater 3.99 7.7 0.1 1.96 18.3 27.5 4.72 30 0.34 56.8 17.9 
Ordinary Water - - - 0.033 - - 1.01 20 0.21 49.3 12.6 

 
 Ordinary water and refined wastewater were 
qualified based on irrigation standards set out by 
FAO (Food and Agriculture Organization). Results 
showed that the electrical conductivity insignificantly 
exceeded allowable range causing salt stress in plants 
and increasing soil salinity as well. However, 
appropriate irrigation management inhibits further 
salinity of soil. 
 Wastewater pH remained in the permissible 
range. The measured concentration of chloride ion as 
well as micro- and trace elements in wastewater were 
higher than values specified by standards; thus, 
accumulation of these elements in soil should be 

monitored over time. Also, the concentration of 
micro element and trace elements except Mg in 
ordinary water was higher than the values stated by 
standards. Nevertheless, the concentration of nutrient 
material and heavy metals in ordinary water was 
higher than those of wastewater. 
 
Soil chemical analysis: 
 
 The studied soil falls into the silty loam texture 
class containing 8% sand, 46% silt and 46% clay; 
table 3 also shows studied soil chemical properties 
before the beginning of the experiment. 

 
Table 2: The quality of ordinary water and treated Wastewater for irrigation and comparison with standard recommended by FAO(1985). 

Measure of Water quality units Ordinary water Tested 
Wastewater 

degree of explio 

    Good middle Bad 
A)Electrical conductivity dsm-1 - 3.99 <0.7 0.7-3 >3 

B) Special ion       
Chloride (CI) mg l-1 - 27.5 <4 4-10 >10 

Iron (Fe) mg l-1 20 30 - - 5 
Copper (Cu) mg l-1 12.6 17.9 - - 0.2 

Manganese (Mn) mg l-1 0.21 0.34 - - 0.2 
Zinc (Zn) mg l-1 49.3 56.8 - - 2 

C)other effects       
pH  - 7.7 Normal limit between 6.5-8.4 
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Table 3: Studied soil chemical properties. 
Clay Sand Silt Cl Cd K P OC pH EC Depth 

% mg l-1 mg kg-1 % - dsm-1  
46 8 46 1.63 18.8 244 6.9 0.57 7.58 3.85 0-30 

Mean comparisons for chemical properties were carried out (table 4). 
 
Table 4: Mean comparisons for soil chemical properties using Duncan test I level %5. 

       characteristics  
 
 

Traetment 

EC pH OC P Fe Zn Cu Mn 

T1 4.45e 7.72a 0.69a 5.39d 12.2b 1.04b 1.33a 9.75b 
T2 4.96d 7.68a 0.66b 6.16c 13.2a 1.26a 1.31a 9.6b 
T3 5.41c 7.68a 0.54d 4.58e 9.5d 0.84c 1.3a 10.2a 
T4 5.86b 7.6a 0.60c 6.45b 10.2c 0.88bc 1.36a 8.7c 
T5 6.23a 7.6a .66b 6.87a 9.6d 1bc 1.38a 8.7c 

T1: % 100 ordinary Water 
T2: %75 ordinary water +%25 treated Wastewater 
T3:%50 Ordinary water+%50 treated Wastewater 
T3:%25 Ordinary Water + %75 treated Wastewater  
T4: %75 Ordinary Water+ % 25 treated Wastewater  
T5: %100 treated Wastewater 

 
 Mean comparisons revealed significant 
differences among the treatments for soil chemical 
properties with the exception of pH and copper 

concentration. Trends of changes in electrical 
conductivity, pH, organic carbon, absorbable 
phosphorus are also shown in table 4. 

 

 

 
 
Exhibit 1: Variation trend of chemical soil attributes A (EC), B (pH), C (organic carbon), D (absorbable 

phosphorous). 
 
The effect of irrigation with treated wastewater on 
trends of changes in soil electrical conductivity:  
 
 Figure (A) made it clear that the treatments 
increased soil electrical conductivity which was 
proportional to wastewater use. The highest and 
lowest values of soil electrical conductivity were 
obtained with treatments T5 (6.23ds/m) and T1 

(4.45ds/m), respectively. Electrical conductivity was 
considerably different among the treatments 
according to table 4, possibly due to release of 
organic and mineral cations and anions into soil 
solution led by microbial degradation and also, use of 
salt-rich wastewater. Our findings are consistent with 
reports by Qian & Mecham [23] who stated that 
prolonged use of urban sewage increased soil 
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electrical conductivity. Abedi Kopaie et. al. [2] 
contradictorily demonstrated that wastewater 
irrigation (EC<1.8) decreased soil salinity. 
 
The effect of Irrigation with treated wastewater on 
trends of changes in soil pH: 
 
 Figure (B) shows a declining trend of change in 
soil pH after using ordinary water; however, the 
trend of change was incremental before the 
experiment began. The highest and lowest values of 
pH are obtained with T1 (7.72), and T4 and T5 (7.6). 
Gelsomino et. al. [12] explained increased pH with 
the increase in exchangeable cation in wastewater. 
Also, treatments did not show any significant 
difference for trend of change in pH; hence, 
increasing soil pH insignificantly. Increased soil pH 
due to wastewater irrigation was also reported by 
other researchers [23,31,26].  
 
The effect of irrigation with refined wastewater on 
trends of changes in soil organic carbon: 
 
 The treatments increased organic carbon of the 
soil (figure C). The organic carbon significantly 
increased with the increase in wastewater use due to 
its high percentage of organic material (p<0.05). The 
organic material was mostly unstable originated from 

human, animal and plant sources integrated into soil 
when irrigated with wastewater [28]. T5 showed the 
highest percentage of organic material (72%). It was 
already found that irrigation using urban sewage 
increases organic percentage and improves the 
fertility of soil [6,13]. 
 
The effect of irrigation with treated wastewater on 
trends of changes in soil absorbable phosphorus: 
 
 Absorbable phosphorus in soil was remarkably 
increased due to refined wastewater (figure D; 
p<0.05) with the highest value of 9.32 mg/kg 
belonged to T5. This can be ascribed to slow 
phosphorous leaching leading to accumulation in 
topsoil. Furthermore, the most effective role of 
wastewater is meeting plants nutrient demands. 
Numerous studies highlighted the increasing effect of 
wastewater irrigation on soil phosphorus, nitrogen 
and concentration of the main cations [5]. Also, 
Hussein et. al. [14] suggested that nutrient elements 
such as nitrogen, phosphorus, salts and trace 
elements are dramatically increased in soil after 
wastewater irrigation. Wastewater use considerably 
influenced the trend of changes in soil micro 
elements. 
 

 
 

 
 
 

 
 
Exhibit 2: Variation trend of chemical soil attributes E (iron), F (zinc), G (copper), H (manganese). 
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The effect of irrigation with treated wastewater on 
trends of changes in soil absorbable iron: 
 
 Iron-rich wastewater irrigation increased 
absorbable iron in soil (figure E; p<0.05). Our 
findings are consistent with those of Feizi [10] where 
he indicated that wastewater irrigation has a 
significant effect on accumulation of certain 
elements in soil and plants over eight years; he also 
measured higher values of iron and magnesium in 
maize crop irrigated using wastewater. 
 
The effect of irrigation with treated wastewater on 
trends of changes in soil absorbable zinc: 
 
 Wastewater irrigation significantly increased 
absorbable zinc in soil (figure F; p<0.05). Al-
Lahham et al. [4] and Soumare et al.  [27] reported 
that wastewater irrigation increased micronutrient 
elements particularly zinc.  
 
The effect of irrigation with treated wastewater on 
trends of changes in soil absorbable copper: 
 
 Duncan’s test analysis showed that wastewater 
irrigation did not affect copper in soil (figure G; table 
4). It is also noteworthy that remarkable 
accumulation of trace elements is not expected 
during farming period. Saber [25] reported that 
application of wastewater over 7 years failed to 
affect copper concentration. Additionally, Adriano 
[3] suggested that copper is stabilized in soils 
containing clay minerals, iron oxides, aluminum and 
manganese.   
   
The effect of irrigation with treated wastewater on 
trends of changes in soil absorbable manganese: 
 
 Wastewater irrigation considerably increased 
manganese in soil (figure H; table 4; p<0.05) with 
the highest value of 8.3 mg/kg belonged to T5. This 
implies that wastewater use enriched the soil with 
micro elements, particularly manganese. We 
furthermore consider pH change-led manganese 
fluctuation unjustifiable.  
 In general, factors such as elevated manganese 
in soil prior to apply treatments or its addition into 
the soil through different ways lead to more variable 
trends of change of manganese than other micro 
elements. Significant amount of lead, nickel, 
manganese, zinc and copper were reported to 
integrate into the soil through atmospheric 
precipitation depending on distal and proximal 
contamination sources. However, the latter remained 
to be fully investigated. Boll et. al. [8] suggested 
wastewater irrigation increases concentration of 
manganese and toxic elements within 16 hours. 
 
Conclusion: 

 
 The results showed that wastewater use 
increases chemical parameters including EC, pH, 
organic carbon, phosphorous, iron, zinc and 
manganese. Stem formation was the most vulnerable 
phase for wheat to be irrigated using wastewater. 
ANOVA showed that there were significant 
differences (p<0.01) among treatments for chemical 
properties such as electrical conductivity, organic 
carbon, absorbable phosphorous, iron, zinc and 
manganese; however, pH and copper concentration 
were not remarkably affected (p<0.05). 
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