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ABSTRACT 

Knowing the concentrations of the nutrient elements in soils is important due to their toxic effect 

on humans and the environment. The aims of this study were to assess the effects of water 

quality, depths and distances of lateral installation on soil chemical properties during turfgrass 

cultivation. A field experiment was conducted using a Split Split Plot design based on the 

Randomized complete Block (RCB) with two treatments (well’s and wastewater), and eight sub-

treatments (45 and 60 cm distance of the laterals and 15, 20, 25, and 30 cm depths of laterals) in 

three replicates on a sandy-loam soil, in Shahrekord, Iran. Soil samples were collected from 0-30 

and 30-60 cm depth for measuring nitrate (NO3
-
), electrical conductivity (EC), and pH at the end 

of the experiment. During the experiment, fecal coliform (FC) were also measured at the soil 
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surface. Results indicated that by increasing lateral distance, NO3
- 
level increased in both layers. 

With installing laterals in deeper levels, NO3
-
 concentration decreased at the beginning, then 

increased in the first layer, whereas in the second layer NO3
-
 concentration decreased. In 

addition, installing laterals in deeper depth, caused an increase in soil EC in the top layer, but a 

decrease in the lower layer. However, the results showed that there was no significant effect of 

experimental factors on soil pH. The results also show that with increasing laterals depth, Fc 

level decreased at the soil surface. 

Keywords 

Soil chemical properties, Subsurface drip irrigation, Wastewater and dripper installation depth. 
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INTRODUCTION 

Increased use of water in urban and industry has put a tremendous pressure on agriculture water 

resources. Thus, using efficient, low quality water, and alternative water sources are essential for 

saving water in arid regions (Hassanli et al., 2009). Using unconventional water such as treated 

municipal wastewater has an important role in saving water (Oron et al., 2007). Saving drinking 

water resources, providing additional sources of irrigation water in agriculture and reducing the 

need for application of chemical fertilizers cause an extensive use of municipal wastewater in 

agriculture (Paranychianakis et al., 2006; Garsia et al., 1994). 

Using (untreated) municipal wastewater in agriculture lowers the soil quality and reduces 

the yield (Ghasemi et al., 2010). Uncontrolled application of wastewater can cause negative 

effects such as microbial and chemical contamination in soil, plants and surface water resources 

(Atefi and Ghaemi, 2012). In order to reduce these effects, usage of wastewater should carefully 

be controlled. 

Based on the World Health Organization (WHO, 1989), the mean fecal bacteria of treated 

wastewater should be lower than 1000 MPN/100 ml. Oron et al. (1999) concluded that using 

wastewater with subsurface drip irrigation could increase quality of wastewater because soil has 

biological filtering effect on wastewater. Najafi (2007) studied microbial effect of using 

wastewater in irrigation of grass on surface layer of soil. The fecal coliform (FC) level at the 

surface of the soil between subsurface drip irrigation (15 and 30 cm) and control treatment did 

not show significant differences. Kouznetsov et al. (2004) concluded that placing lateral at the 25 

cm depth of the soil (in clay loam soil) could eliminate microbial pollution of the wastewater in 

the soil.  
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Considering the advantages and disadvantages of different irrigation methods, subsurface 

drip irrigation is the most efficient method to reduce issues of using municipal wastewater 

(Pescod, 1992).The effects of subsurface drip irrigation with reused water (low quality) on soil 

chemical properties have been investigated by many researchers. Hanson and May (2004) stated 

that accumulation of salt at the soil surface layer depends on the quality of the irrigation water 

and the depth of the laterals.  

Roberts et al. (2008) measured salinity at the soil surface layer and concluded that 

installing laterals at 18cm depth, compared to 25 cm, caused more salinity at the 0-3 cm depth. 

While, no difference was reported at the 3-16 cm depth. Palacios-Diaz et al. (2009) reported that 

the maximum salinity occurs between laterals in subsurface drip irrigation method. Oron et al. 

(1992) indicated that the amount of nitrogen at the 30-60 cm soil depth was less in subsurface 

drip irrigation (SDI) method compared to surface drip irrigation. Therefore, use of SDI 

diminishes the risk of nitrate leaching. Tabatabaei and Najafi (2009) showed that by increasing 

the depth of laterals, soil salinity increased, but nitrate level decreased. This study was conducted 

to investigate impacts of water quality, depth and distance of laterals in SDI on the soil chemical 

properties. 

MATERIALS AND METHODS 

Field Site Characteristics 

The study area is located at the Shahrekord University, Shahrekord, Iran (50°51’E, 32°20’N and 

2061.5m above sea level). Shahrekord has a semi-arid climate with mild summer and cold 

winter. Average annual rainfall is about 320 mm and average annual temperature is 11.5 
o
C. 

During the study period, June to October 2012, the temperature varied from 0.4 to 34.8 
o
C and 
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relative humidity from 7 to 99% (Mousavi et al. 2015). The field experiment was conducted for 

four months (June to October 2012). The soil was a sandy loam Unites States Department of 

Agriculture (USDA) and an overall electrical conductivity (EC) of 2.5 dS m
-1

 at the beginning of 

the experiment. The water table at the experimental site is deeper than 30 meters. This 

experiment was planned to investigate the effects of depth and distance of subsurface laterals on 

soil chemical properties irrigated with treated wastewater.  

Plot Preparation 

The treatments were lateral depth and distance as well as irrigation water quality (well water [W] 

and wastewater [WW]). Laterals in the SDI were placed in 15cm depth (named as SDI15), 20 cm 

depth (named as  SDI20), 25cm depth (named as  SDI25), and in 30 cm depth (named as  SDI30). 

The lateral distances were 45 and 60 cm (Table 1). As Table 1 shows, the treatment identification 

(ID), for instance WW-60-20, shows the water quality, lateral distance, and lateral depth, 

respectively, which here it is WW, 60 and 20. The experimental design was a Split Split Plot 

with experimental arrangement based on Randomized Complete Block design (RCB) with 16 

treatments and three replications.   

The supply pipes were Polyethylene (PE) 40 mm, separated for fresh water and 

wastewater. In addition, the manifolds and the laterals were PE with 25 and 16 mm diameter, 

respectively. The laterals included pressure adjustable drippers with 3.41 lit/s discharge and the 

installation distance of 45cm in line (Figure 1). 

Balon Turfgrass (60% Lolium and 40% Poa) was cultivated on 25 July 2012 Then, 

sprinkler irrigation with fresh water was used for the first 10 days, considering the shallow and 
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short roots and the far distance to laterals. Turfgrass water demand was determined by theta 

probe ML2. 

Soil Sampling and Analysis 

Initial soil samples were taken and analyzed from the depth of 0-30 and 30-60 cm in the 

beginning of the experiment (Table 2). The wastewater was supplied by the sewage collecting 

system of Shahrekord University and its dormitories, which was used for irrigation after its 

primary treatment. The quality of the fresh water (well) and the primary-treated wastewater is 

shown in Table 3.  

Pressure plates were used to measure the values of field capacity (FC) and permanent 

wilting point (PWP).  According to Allen et al. (1998), Maximum Allowable Depletion (MAD) 

for Turfgrass was considered 50%. Furthermore, the average root zone was assumed 30cm (Wu, 

1985). The control treatment had 15cm depth and 45 cm distance to the laterals. During the 

experiment, soil surface samples were collected less than one hour after irrigation (three separate 

times) and the FC was immediately measured in laboratory. At the end of the experiment, the 

final samples were taken from 5cm distance to the laterals and 0-30 and 30-60 cm soil depths. 

The data were statistically analyzed using the MSTATC package. The means were 

compared using Duncan’s Multiple Range test at α=0.05. 

RESULTS AND DISCUSSION 

Nitrate 

The analysis of variance (ANOVA) results for nitrate concentration (Table 4) showed that the 

interaction of ABC (water quality × laterals depth × laterals distance) was significant at two 
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depths of 0-30 and 30-60 cm at the 5% and 1% levels, respectively. In addition, WW60-30 had 

the highest average of nitrate concentration at the 0-30cm depth (Table 5). Except for the W60-

25 and W6030, the other well water irrigated treatments (W) had lower average of nitrate 

compared to WW treatments. The statistical analysis also show that WW60-20, WW45-30, 

WW60-15, WW60-25, WW60-30, and WW45-25 had the major and W45-15, W60-15, W60-30, 

W45-20, W45-30, and W45-25 had the minor effect on nitrate concentration at the 30-60 cm soil 

depth (Table 5). 

The Effect of Depth, Distance and Water Quality on Nitrate Concentration in Two Layers  

Approving Abbasi et al. (2013) who mentioned the effect of nitrate concentration on nitrate 

leaching, the nitrate concentration due to water quality was different in the two soil layers in this 

study; therefore, by increasing the nitrate in irrigating water, its concentration in soil was 

increased. In addition, the nitrate level increased by increased laterals distance (Figure 2). 

Based on the results of the present study, by increasing laterals’ distance in the first layer, 

nitrate concentration in WW treatments initially decreased, then increased; while in W 

treatments, it consistently increased (Figure 2). However, installing laterals in deeper levels 

caused decreasing nitrate concentrations in the second layer in most of the treatments (Figure 2). 

Variation of Nitrate in the Soil Profile 

The results show that nitrate concentration increased after irrigation with wastewater in all 

treatments (Figure 3). It could be because of the high concentration of Urea and Nitrogen due to 

decomposition of organic matters in wastewater as was reported by Bernala et al. (2006) and 

Fonseca et al. (2005). 
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Nitrate concentration rate in soil profile of WW45-15 and WW45-20 decreased; while it 

increased in WW45-25 (Figure 3) and no significant changes were observed in WW45-30. 

However, by increasing soil depth, Nitrate concentration reduced in WW60-30 and increased in 

WW6020, while the changes were not significant in WW6025 and WW60-15 (Figure 3). In all 

Well water treatments with 45 cm distance to laterals, the rate of changes increased, but in 

Wastewater treatments, the rate decreased in WW45-15 and WW45-20, while in the others, it 

increased (Figure 3). This difference in the results of W and WW-treatments was due to the 

different levels of Nitrate concentrations in water and wastewater. The rate of Nitrate changes in 

W60-20 and W60-25 increased, while in W60-30 decreased and in W60-15 slightly increased 

compared to the first layer (Figure 3). 

Electrical Conductivity  

The EC and the ABC interaction were significant at 1% level in first layer of soil (Table 4). The 

highest EC value was reported in WW60-30 (4.7 dS/m in average) and the lowest one was found 

in WW45-15 (2.07 dS/m in average) (Table 5). 

The ANOVA results indicated that AC interaction and BC, at 1% level, had significant effect on 

EC in the 30-60 cm layer (Table4). In the case of interactions between water quality and depth of 

the laterals, the highest and the lowest EC values were found in WW15 (4.7 dS/m in average) 

and W30 with the (1.43 dS/m in average), respectively (Table 6). In addition, in the interaction 

between depth and distance of laterals, the highest and the lowest EC values were found in the 

60-15 (lateral distance-=60cm and lateral depth=15 cm) treatment with average of 3.91 dS/m and 

60-30 (lateral distance-=60cm and lateral depth=30 cm) with average of 2.41 dS/m, respectively 

(Table 6).  
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Effects of Depth, Distance, and Water Quality on Soil EC  

According to Figure 4, using wastewater caused increase in soil electrical conductivity in both 

studied layers. Ghanbari et al. (2007) reported that, the dissolved salts, sodium, calcium and 

magnesium in wastewater cause increasing in soil extract’s EC (ECe). Due to no leaching above 

laterals in the first layer of soil, EC increased by installing laterals in deeper level. Furthermore, 

increasing the laterals distances had the same effect on ECe. 

In the second layer, ECe decreased due to installing laterals in deeper location, in all 

treatments. This decrease happened because the saline front was pushed down to the deeper 

levels. Also increasing the distance between laterals resulted in initially increase and then 

decrease in ECe, (Figure 4). 

ECe Changes in Soil Profile 

Results show that ECe in soil profiles of WW45-15, WW45-20, and WW45-25 increased, while 

it decreased in WW45-30 (Figure 5). Because of leaching, in WW45-15, WW45-20, and WW45-

25 treatments, the saline front penetrated from the first to the second layer. In WW45-30 

dissolved salts leached from first and second layers into deeper levels. 

Among the WW-treatments with 60 cm distance between laterals (Figure 5), the ECe in WW60-

15 and WW60-20 increased by depth because of salts leaching from the first layer to the second, 

while in the other treatments, the ECe decreased due to the penetration of leaching salts to deeper 

levels than the second layer. 

Comparing ECe changes in treatments in the 0-30 cm layer, (Figure 5) decrease in EC 

was observed in the first layer of W45-15 and W45-20 which was because of the less electrical 

conductivity of water compared to that in the first layer of the soil, as well as, leaching from the 
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first to the second layer. Decreased ECe in the second layer of W45-30 indicates that by 

increasing in lateral installation depth, the saline front moved out of the second layer. The same 

process happened in the other W60 treatments (Figure 5).  

pH 

Appropriate rang of pH for different species of turfgrass is 5.5-8.3 (Gelernter and Stowell, 2005). 

At lower pH, dissolved Aluminum in the soil would increase which can cause toxicity to the 

roots of turfgrass. While at pH higher than 8.4, the alkalinity of soil would increase due to the 

Calcium Carbonate, Bicarbonate and Sodium problems may occur. 

The ANOVA results (Table 4) illustrated that the effect of examined parameters and their 

interactions on soil pH in both layers were not significant. Atefi and Ghaemi (2012), examining 

pH changes in soil profile which was irrigated by fresh water and wastewater indicated that soil 

pH did not have significant changes because of the buffering characteristics of soil and 

wastewater. In fact, calcareous soils are resistant to pH changes and have high buffering capacity 

(Shirani et al., 2010).  

Microbial Factors  

The results of FC are presented in Table 7. The Coliform measurement is a simple and 

inexpensive method for estimating the soil contamination due to wastewater irrigation. 

According to Table 7, by increasing the installation depth of laterals, the FC levels decreased on 

soil surface. In fact, by increasing the laterals' depth, the thickness of soil as a biofilter increased. 

Consequently, the contamination of the first layer of soil decreased. There was significant 

difference between two insulation depths in the treatments with 25 cm depth. Since measuring 
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samples were taken above the emitters, in the treatments with 60 cm lateral distances, the 

contamination of surface layer of soil (25 cm) was more than treatments with 45 cm lateral 

distances due to more discharge of water from laterals. Kouznetsov et al. (2004) explained that 

by installing the emitters in 25 cm depth of loamy clay soil, the contamination of wastewater 

irrigation would be zero in soil surface. 

Najafi (2007) studied the microbial contamination of soil surface and turfgrass and 

concluded that there was no significant difference between two lateral depths of 15 and 30 cm 

with control treatments in fecal coliform on the soil surface. 

In the present study, the results of treatments with 45 and 60 cm lateral distance in the 

depths of 25 and 30 cm were different from Najafi (2007) which may be due to the difference of 

water quality and field condition.  

CONCLUSIONS 

The aims of this study were to assess the effects of water quality, depths and distances of lateral 

installation on soil chemical properties during Turfgrass cultivation. The results of this 

experiment showed that the concentration of nitrate and EC values in saturated soil in both layers 

were affected by water quality and position of the laterals in soil. These two parameters of soil 

were significantly high in the wastewater-irrigated treatments compared to the well water. 

Concentration of nitrate in the soil was affected by the depth of installation and the distance of 

the laterals. Results also showed that, by increasing the depth and distance of the laterals, soil 

salinity near the laterals in the first layer of the soil increased during the growing season, while it 

decreased in the second layer. Soil pH had non-significant changes during the experiment. 

Increase in depth of the laterals in the soil had significant effect on the microbial contaminant in 
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the first layer, whereas increasing in the lateral distance increased microbial pollution of the soil 

surface, especially around the laterals. 
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TABLE 1. Treatments and abbreviations 

Row 

Treatments 

ID 

Water quality 

applied  

Irrigation 

method 

Laterals 

distance 

(cm) 

Laterals 

depth(cm) 

1 W45-15 

Fresh 

water(w) 

SDI 45 15 

2 W45-20 

Fresh 

water(w) 

SDI 45 20 

3 W45-25 

Fresh 

water(w) 

SDI 45 25 

4 W45-30 

Fresh 

water(w) 

SDI 45 30 

5 WW45-15 

Primary-

treated 

wastewater 

SDI 45 15 

6 WW45-20 

Primary-

treated 

wastewater 

SDI 45 20 

7 WW45-25 

Primary-

treated 

wastewater 

SDI 45 25 
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8 WW45-30 

Primary-

treated 

wastewater 

SDI 45 30 

9 W60-15 

Fresh 

water(w) 

SDI 60 15 

10 W60-20 

Fresh 

water(w) 

SDI 60 20 

11 W60-25 

Fresh 

water(w) 

SDI 60 25 

12 W60-30 

Fresh 

water(w) 

SDI 60 30 

13 WW60-15 

Primary-

treated 

wastewater 

SDI 60 15 

14 WW60-20 

Primary-

treated 

wastewater 

SDI 60 20 

15 WW60-25 

Primary-

treated 

wastewater 

SDI 

 

25 

16 WW60-30 Primary- SDI  30 
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treated 

wastewater 
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TABLE 2. Initial soil characteristics  

 Texture ECe (ds/m) pH 

NO3
-

(mg/kg) 

Field 

Capacity 

(%) 

Permanent 

Wilting 

Point (%) 

SAR

 

0-30cm Loam silt 2.85 

7.7

2 

6.82 28.5 10 0.154 

30-60cm 

Loam 

sand 

2.45 

7.8

1 

11.16 17.8 6.5 0.251 
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TABLE 3. Well water and wastewater properties 

 

SAR NO3
-
(mg/l) pH EC (dS/m) 

FC (MPN/100 

ml) 

fresh water 0.25 15.81 

7.6

8 

0.38 0 

Wastewater 1.33 97.96 7.8 2.35 >1100 
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TABLE 4. Compound variance analysis of nitrate concentration, EC and pH 

Change source 

Degrees of 

freedom 

Mean square 

  0-30cm depth 30-60cm depth 

  pH 

ECe 

(dS/m) 

No3
-

(mg/kg) 

pH 

ECe 

(dS/m) 

No3
-

(mg/kg) 

Water quality(A) 1 0.030
ns

 

20.384
*

*
 

3320.31

3
**

 

0.014
 

ns
 

46.887
*

*
 

1735.328
*

*
 

Error 2 0.005 0.076 12.059 0.004 0.012 4.943 

Lateral distance 

(B) 

1 0.000
ns

 3.608
** 

317.457
*

*
 

0.007
 

ns
 

0.043
 ns 

203.223
**

 

Interaction AB 1 0.003
ns

 0.154
*
 1.096

ns 
0.000

 

ns
 

0.069
 ns

 65.590
**

 

Error 4 0.001 0.018 2.75 0.004 0.011 2.355 

Lateral depth (C) 3 0.014
ns

 1.926
** 

173.461
*

*
 

0.005
 

ns
 

3.452
** 

53.232
**

 

Interaction AC 3 0.005
ns

 0.362
**

 37.336
**

 

0.008
 

ns
 

0.101
**

 24.308
*
 

Interaction BC 3 0.002
ns

 0.011
 ns

 23.460
*
 

0.013
 

ns
 

0.173
**

 70.452
**

 

Interaction ABC 3 0.005
ns

 0.104
**

 19.532
*
 0.003

 
0.005

 ns
 39.127

**
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ns
 

Error 24 0.006 0.010 6.257 0.007 0.014 5.205 

Total 47    

**,* :significant at 1% and 5% level ,respectively   ns : no significant at 5% level 
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TABLE 5. The average interactions of water quality, depth and distance of laterals on nitrate, 

EC and pH in the first layer, and nitrate and pH in the second layer. 

30-60cm depth  0-30cm depth 

pH 

No3
-
 

(mg/kg)
 

Treatment 

pH 

ECe 

(ds/m) 

No3
-
 

(mg/kg) 

Treatment 

7.91 a 19.76 b WW45-15 7.88 a 3.42 e 30.59 b WW45-15 

7.95 a 18.79 bcd WW45-20 4.78 a 3.86 d 22.80 c WW45-20 

7.86 a 29.16 a WW45-25 7.90 a 3.88 d 19.51 c WW45-25 

7.86 a 32.61 a WW45-30 7.84 a 4.22 c 32.55 b WW45-30 

7.90 a 31.85 a WW60-15 7.80 a 4.36 bc 31.12 b WW60-15 

7.83 a 33.17 a WW60-20 7.83 a 4.46 b 28.23 b WW60-20 

7.87 a 31.48 a WW60-25 7.90 a 4.51 b 30.13 b WW60-25 

7.94 a 29.64 a WW60-30 7.80 a 4.70 a 37.74 a WW60-30 

7.87 a 13.19 e W45-15 7.84 a 2.07 i 8.557 e W45-15 

7.95 a 15.38 cde W45-20 7.93 a 2.41 h 9.217 

de 

W45-20 

8.00 a 16.82 

bcde 

W45-25 7.92 a 2.86 g 9.858 

de 

W45-25 

7.92 a 16.18 

bcde 

W45-30 7.85 a 3.28 e 12.46 

de 

W45-30 

7.90 a 13.74 e W60-15 7.85 a 2.25 h 10.95 W60-15 
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de 

7.84 a 19.74 bc W60-20 7.89 a 3.06 f 12.79 

de 

W60-20 

7.95 a 20.40 b W60-25 7.95 a 3.29 e 13.37 d W60-25 

7.96 a 15.07 de W60-30 7.89 a 3.76 d 22.36 c W60-30 

In each column, having equal letters means that there was no significant difference between 

parameters according to Duncan's Multiple Range test at the 5% probability level. 
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TABLE 6.  Comparing the average interaction of water quality – lateral depth and lateral depth –

lateral distance on EC in the second layer (30-60cm) 

lateral depth –lateral distance interaction 

water quality – lateral depth 

interaction 

ECe (dS/m) Treatment ECe (dS/m) treatment 

3.7 b 45-15 4.70 a WW15 

3.48 c 45-20 4.50 b WW20 

3.39 c 45-25 4.23 c WW25 

2.68 e 45-30 3.66 d WW30 

3.91 a 60-15 2.90 e W15 

3.54 bc 60-20 2.52 f W20 

3.14 d 60-25 2.30 g W25 

2.41 f 60-30 1.43 h W30 

In each column, having equal letters means that there was no significant difference between 

parameters according to Duncan's Multiple Range test at the 5% probability level. 
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TABLE 7. Total coliform in 1 g of Soil sample (MPN/100 ml/g) 

Treatments/Replic

ation 

First sampling Second  sampling Third sampling 

1 2 3 1 2 3 1 2 3 

WW4515 >1100 >1100 >1100 

>11

00 

>11

00 

>1100 

>11

00 

>1100 >1100 

WW4520 >1100 850 >1100 

>11

00 

>11

00 

>1100 

>11

00 

970 1030 

WW4525 315 98 134 197 357 434 54 261 512 

WW4530 

Negati

ve 

Negati

ve 

0.4 110 0.7 

Negati

ve 

0.6 

Negati

ve 

Negati

ve 

WW6015 >1100 >1100 >1100 

>11

00 

>11

00 

>1100 

>11

00 

>1100 >1100 

WW6020 >1100 >1100 >1100 

>11

00 

>11

00 

>1100 

>11

00 

>1100 >1100 

WW6025 110 937 215 621 137 340 506 >1100 392 

WW6030 46 1.5 

Negati

ve 

24 2.3 3.9 15 2.3 5.6 
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FIGURE 1. Experimental design and treatments 
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FIGURE 2. Nitrate concentration in 0-30 and 30-60 cm depth 

0-30 cm 

30-60 cm 
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FIGURE 3. Nitrate concentration changes in soil profile of W and WW-treatments with the 

distances of 45 and 60 cm. 
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FIGURE 4. ECe changes in treatments 0-30 and 30-60 cm depths 
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FIGURE 5. ECe changes in soil profile of W and WW-treatments with the distance of 45 and 60 

cm. 

 

 


