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Abstract: In this study, the effects of irngation methods (surface drip and subsurface drip)
and water qualities (municipal treated effluent and fresh water) with irrigation scheduling
based on soil moisture and root depth monitoring were evaluated on the chemical properties
of the soil. A split plot experiment with two main treatments (irrigation methods) and two
sub-main treatments (irrigation water qualities) with four replications were designed and
executed in Koshkak research centre (Southern Iran). Soil samples were collected from
depths of 0-20, 20-40 and 40-60 ¢cm and were analyzed for electrical conductivity (EC),
soluble sodium (Na) and chloride (Cl) concentrations, total nitrogen (TN) and phosphorus
(P). Results showed that the soil EC, Na and Cl of the second and third layers of soil were
significantly greater with surface imgation than with subsurface irrigation. The EC, Na and
Cl of second and third soil layers irrigated with wastewater were higher as compared with
groundwater. The soil EC, Na and Cl content increased with increasing the depth of the soil
layer. The fluctuations in nitrogen concentration were opposite to the fluctuations in Cl
concentration as the nitrogen content of the soil decreased with increasing the soil depth. The
best water saving and water productivity was obtained with sub-surface drip irrigation.

Key words: Surface drip irrigation, sub-surface drip irngation, reuse of wastewater, soil
chemical properties

INTRODUCTION

Leaching of solutes from agricultural soils is a serious environmental problem. Nitrate (NO,),
phosphate (PO,) and other solutes may leach and pollute both groundwater and surface water.
Knowledge about the origin of solutes is required to define reasonable limits for groundwater and
surface water qualities (De Vos et af., 2002). With rapidly growing world population and increasing
the pressure on limited fresh water resources, a tendency to reuse of municipal effluents for irrigation
has been increased (George ef of., 2000). Wastewater 1s the only potential water source, which will
increase as the population grows and the demand on freshwater increases (Heidarpour et al., 2007).

As Tran is a country with limited water supplies and irrigated agriculture is the largest water
consuming sector, it faces competing demands from other sectors. Using wastewater can be an effective
remedy. However, the effects of replacing groundwater with wastewater are not completely well
known and should be evaluated. The objectives of this study were to achieve higher water saving from
different irrigation methods and then evaluate the effects of different water qualities and irrigation
methods on the soil chemical properties.
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MATERIALS AND METHODS

The experimental site was located in Koshkak research centre north east of Shiraz, Southern of
Iran (52° 34" N, 30° 7" E) with annual rainfall of 340 mm and annual evaporation of 2585 mm. In this
study area, the mean anmal area temperature 1s 17.8°C mean annual rainfall is 125 mm. The particle
size separates at the experimental site is 45% clay, 25% silt and 30% sand. Two studies were carried
out which corresponds to two growing seasons for maize: April 2006 to September 2006 and April
2007 to September 2007. The experimental design was a split plot with four treatments and four
replications. The plot sizes were 42 m? and a total of 16 plots were established. The treatments were:
SSDE (sub-surface drip with effluent), SSDF (sub-surface drip with freshwater), SDE (surface drip
with effluent) and SDF (surface drip with freshwater). As the irrigation efficiency was not equal for
the different methods of irrigation, the volume of required water within the root zone, for achieving the
field capacity, was estimated by monitoring the soil moisture deficit within the root zone. This volume
was divided by the efficiency of each method and the applied irrigation water was provided for each
plot. Soil moisture was measured with a Neutron probe (Peralta and Stockle, 2001). For attaining crop
water productivity (CWP), vield was divided by the used water. The maize crops were planted on
18 cm wide beds in rows spaced 75 om apart at a depth of 3-5 cm. The growth period was 115 days
(or about 4 months).

Generation of Samples

Two irrigation methods including: sub-surface drip (SSD) and surface drip (SD) with two water
quality treatments (treated wastewater effluent and fresh water). Totally four treatments: SSDE (sub-
surface dnip with effluent), SSDF (sub-surface drip with freshwater), SDE (surface drip with effluent),
SDF (surface drip with freshwater) were studied. Three filtration systems (scresn, sand media and
disc) were set up to filter the effluent before irrigation (Fig. 1).

There was 20 cm distance between the emitters in SSD and 8D methods and the tubes were
chosen from the tape type. In SSD treatment, the pipes were buried at 15-20 cm depth from the soil
surface. Soil samples were collected at three points of a circle above and below the porous pipe for
cach treatment and sampling was done at three depths of 0-20, 20-40 and 40-60 cm. The samples of
each depth were then blended and one sample was analyzed. The samples were air-dried and passed
through a 2 mm sieve and chemical properties were determined.

Net depth of irrigation water was calculated using the equation below (the dominant soil texture
was clay loam and the soil was classified as calcareous):

d =0 - B2 As ¥R

Where:

d, = The net depth of irrigation water (mm)
85 = The soil moisture in field capacity (%)
0,, = The soil moisture, in irrigation time (%)
A, = Therelative density

R = Theroot depth, in irrigation time (mm})

The test crop was maize (Zea mavs L.} cv. Single Cross 704 was used for the experiment. What
were the cultural methods used during cultivation such as weeding, insect control etc.

Analysis of Samples

A representative sample of the corn from each plot {4 rows of 5 m) was hand harvested in
October of each year. The corn grains were dried in the oven (at 40°C temperature for 24 h) and their
vield efficiency was measured for each plot (Woo and Seib, 2002). One kilogram grains were sclected
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Fig. 1: The sewage treatment site (a) and the filtration systems (b)

from each plot randomly and ground in a Kenwood Portable Mill into flour to pass through a 1 mm
sieve. The sampling was done from six treatments and four replications separately.

Soil pH was measured with a pH meter (McNeal, 1982). Electrical conductivity (EC) was
determined by conductivity meter. Chloride was determined using a titrimetric method. Total N was
determined using the Kjeldahl procedure (Bremner and Mulvaney, 1982). Na was measured using flame
photometer (Richards, 1954).

Statistical Analysis

All data are the means of two experiments conducted in 2006 and 2007 and were analyzed using
the analysis of variance (ANOVA) procedure of COSTAT and the comparison of means was
performed using Duncan multiple range test DMRT, p<0.05 (Heidarpour ef ai., 2007).

RESULTS AND DISCUSSION

The SSD method with a mean water volume of 6100 m? ha™! applied had higher water saving than
that of SD (6480 m® ha™") (Table 1). However a significant increase has been observed in CWP (crop
water productivity) for corn from SSD method (1.91 kg m™) (Table 2). The comparison of results
from different irrigation methods on the maize yield showed that SSD increased the yield in compared
to SD), but this increasing was not significant. According to Table 3, irrigation with effluent increased
the grain vield and CWP as compared to the fresh water, but these differences were also not significant.
The statistical analysis of CWP with respect to different irrigation methods showed that SSD increased
the CWP comparing to SD method (p<0.05). The chemical properties of the soil prior to the
experiment are shown in Table 4.

Electrical conductivity (EC) indicates soluble salt concentration in the soil. Salt movement and
distribution in soil is directly related to water movement (Nakayama and Bucks, 1986). The method
of irrigation had a significant effect (p<<0.05) on soil EC in different layers of soil. In the first soil layer,
mean EC values of SSD irrigation were greater as compared to SD irrigation, while surface irrigation
had greater EC values in the second and third soil layers (Fig. 2). There was an increase in EC values
in the first soil layer by subsurface irrigation over the study period.

In this research the EC value of wastewater was greater than freshwater (Fig. 2). Therefore, the
application of wastewater would be expected to cause greater soil EC than freshwater in the second
and third soil layers (Fig. 2). Mean EC values of wastewater irrigated soil were greater than those of
groundwater irrigated soil for the first layer. This result is likely due to the effect of plant uptake on
the soil solution. Because wastewater generated higher yield than groundwater, there was more water
uptake and transpiration due to wastewater irrigation. These results are similar to those of other
researchers such as Heidarpour ef of. (2007), Choi and Suarez Rey (2004) and Assadian ez a/. (2005).

There were no significant effects on soil pH due to different water qualities. The pH values of all
soil layers between 7.78 and 8.01, which is similar to results reported by Heidarpour et al. (2007)

(Fig. 3).
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Table 1: Chemical properties of effluent and fresh water. The data are the means of two experiments conducted in 2006

and 2007
Water EC SAR HCO; 80,7 cr Ca* Mg* Na'
quality (pdSm™) (meqL ™) pH {megq L")
Effluent 1.46 2.66 7.80  10.00 0.80 4.00 4.80 3.70 5.50
Fresh water  0.51 0.53 7.78 4.00 0.40 0.95 3.00 1.50 0.80

Table 2: Statistical analysis of CWP and yield for irrigation systems (Duncan, 5%Y. The data are the means of two
experiments conducted in 2006 and 2007

Irrigation method S8SD 8D
CWP (kgm™) 1.912 1.75°
Yield (t ha™!) 11.7¢¢ 11.36*

“For each factor, values with different following letters are significantly different (p<0.05)

Table 3: Statistical analysis of CWP and yield for effluent and fresh water (Duncan, 5%) ®. The data are the means of two
experiments conducted in 2006 and 2007

Water quality Effluent Fresh water
CWP (kgm™3) 1.70¢ 1.70¢
Yield (t ha™!) 11.12¢ 11.10°

*For each factor, values with different following letters are significantly different (p<0.05)

Table4: Soil chemical properties prior to the cultivation. The data are the means of two experiments conducted in 2006

and 2007
Soil depth (cm)
Parameters 0-20 20-40 40-60
EC (dS m™) 0.53 0.62 0.93
pH 8.19 8.26 829
0C (%) 1.62 0.44 0.83
Total N (26) 0.16 0.04 0.08
Available P (ppm) 18.80 16.770 14.60
Available K (ppm) 550.00 445.00 410.00
HCO,™ (meq L) 1.50 1.20 250
Cl~ (meqL™") 0.95 1.00 110
S0, (meq LI 2.00 4.00 5.30
Ca®* (meq L") 2.30 2.30 3.80
Mg (meq L) 0.20 2.50 220
Na* (meq L)) 0.80 160 210
SAR (meq 1% 1.34 1.03 1.21
ECSm ) EC@Sm™)
o 0 0:2 0:4 0:6 0:8 1:0 1:2 0 0.5 ¢ 15 20 25 30
(a) )
~ 204 E
g
§ 404 -
60~ —i— Begining of the study .
%0 —a— End of the study
© @)
- 204 4
g
% 40 | \ {
8 g0 ]
80 -

Fig. 2: EC of soil layers for different treatments: (a) SDF: surface drip with freshwater; (b) SDE:
surface drip with effluent; (¢) SSDF: sub-surface drip with freshwater and (d) SSDE: sub-
surface drip with effluent
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Fig. 3: pH of soil lavers for different treatments: SDF: surface drip with freshwater; SDE: surface drip
with effluent; SSDF: sub-surface drip with freshwater; SSDE: sub-surface drip with effluent
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Fig. 4: TN concentration of soil layers for different treatments: (a) SDF: surface drip with freshwater;
{b) SDE: surface drip with effluent; {¢) SSDF: sub-surface drip with freshwater and (d) SSDE:
sub-surface drip with effluent

With increasing in depth, nitrogen leaching decreased. This decreased was correlated with the
transpiration rate of the plants. Transpiration continued to increase by growing the plants and drainage
reduced during the experiment. The TN concentration of wastewater irrigated soils at the end of the
study was greater than that of freshwater irrigated soil (Fig. 4). Trrigation with SSD method reduced
TN concentrations of the second and third layer of the soil in comparison with SD method (Fig. 4),
Which could be due to higher yield and lower water consumption of this method. These results are in
agreement with Haberlandt e# of. (2002) and Peralta ef af. (2001).

The chloride (CI) content in the 0-120 ¢m depth soil layer increased and most of the Cl was
leached to the drains from the top of the soil profile (Fig. 5). The Cl concentration at greater depth
remained high (Fig. 5). De Vos et al. (2002) showed that the impermeable layer starts at 120 ¢m depth
and that the water flows occur only in the 0-120 cm depth soil layer. As the Cl concentration of
effluent was higher than the fresh water, the Cl content of wastewater irrigated soils was higher in any
soils layer (p<0.05). The effect of method of irrigation on CI concentration was significant. In the
second and third lavers of the soil, Cl concentration in SD method was higher than that of SSD, which
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Fig. 5: Cl concentration of soil layers for different treatments: (a) SDF: surface drip with freshwater;
{b) SDE: surface drip with effluent; {¢) SSDF: sub-surface drip with freshwater and (d) SSDE:
sub-surface dnip with effluent
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Fig. 6: Na concentration of soil layers for different treatments: (a) SDF: surface drip with freshwater;
(b) SDE: surface drip with effluent; (c) SSDF: sub-surface drip with freshwater and (d) SSDE:
sub-surface dnip with effluent

referred to higher water consumption of this method. The fluctuations of nitrogen and Cl
concentrations were opposite to each other (De Vos ef af., 2002). The lowest Cl concentration
occurs in the 0-50 em soil depth interval. For depths deeper than that the Cl concentration is high
(De Vos et af., 2002).

In the first soil layer, the Na concentration with SSD irrigation was significantly greater than with
SD irrigation (Fig. 6), which refers to lower water consumption of SSD method. Soluble Na enters the
first layer in SSD irrigation, while itis leached out from this layer by 8D irrigation, because of higher
water consumption of this method. Moreover, SSD irrigation elevated the initial Na concentration of
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the first soil layer (Fig. 6). The Na concentration with wastewater irrigation was significantly greater
than freshwater irrigation (p<0.05) (Fig. 6).

CONCLUSION

The best water saving and water productivity was obtained with sub-surface drip irrigation. Water
quality did not affect CWP and the corn vield, significantly. The concentration of chemical constituents
in soil layers are influenced by water movement patterns, chemical concentrations in irrigation water
and plant uptake. It seems that water quality and irrigation method have a sigmficant effect on chemical
properties of the soil. Although using wastewater seems an effective solution for the countries with
limited water supplies, but we should be conscious about the long effect of that on chemical properties
of soil.
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