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Fig. 1. Study area located in northwestern Iran
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3. Inverse Distance Weighting
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Table 1. Physicochemical properties of primary soil

Slrs Bl ol Sl Sl Bl NP el
Standard deviation Mean Maximum  Minimum Unit Parameter
0.15 7.05 7.50 6.57 - pH
S colas
0.076 0.567 0.677 0.383 dS m! “’grﬁ =
Electrical conductivity
1.
0.27 1.27 1.88 0.69 % S oS
Organic carbon
CaCO =Ly
1.75 4.75 7.50 1.25 % (CaCOs) s 5
Calcium carbonate
S gal
3.50 10.28 17.43 4.20 mgkg! fomr
Ammonium
2.58 15.86 25.99 11.29 mgkg'! =
Phosphate
- ‘ -
7.17 45.88 72.39 36.76 mgkg'! —a
Nitrate
0.01 0.18 0.22 0.15 % g5 dsss
Total nitrogen
2.42 15.64 2127 1227 cmol kg! e
Cation exchange capacity
2.34 22.07 28 18 % o
Clay
clew
6.38 52.19 56.44 39.44 % )
Silt
6.78 25.73 36.56 10.56 % o
Sand

il L (FY)) (650 d 5 by slaanl bl s
il oSSl Sal e SLs ¢4 lex 55 CCE s
Aol e STEal 2l (p < o/00) g lsbas 5 sbay jins
ORI S S s 68 Gosbar 08 DL LS e
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Table 2. Physical and chemical characteristics of irrigation water sources.
sl Gl ool [ oS slesd Al el
Standard deviation Mean Maximum  Minimum Treatment Unit Parameter
o= ol
0.29 6.77 7.10 6.53 e -
Well water
pH
oldidizs ol
0.26 7.90 8.10 7.60 S
Treated wastewater
ol T
5.85 788.33 795 784 P uS m!
Well water Sl Ul
3.60 1011 1015 1008 odddadal ol Electrical conductivity
Treated wastewater
ol
0.05 0.36 0.40 0.30 T mg L
Well water Claws
olddias ol Phosphat
4.86 5.41 1 2.12 i osphate
Treated wastewater
ol
7.09 60.66 67 53 N mg L}
Well water Sl gu
olddias ol Sulphat
6.65 70.66 87 65 A Hphate
Treated wastewater
ol
1.86 22.10 24.10 20.40 o mg L}
Well water Ol
sldda s wlus Nitrat
0.90 10.73 11.40 9.70 i fate
Treated wastewater
ol T
0.15 2.56 2.70 2.40 N mg L}
Well water K V*“L:'
sl s lus ’
4.04 377.66 372 364 - o
Treated wastewater
ol T
0.02 0.47 0.49 0.45 o mgL-!
Well water
Na r.l.l.«.»
slid’ (o)
0.03 0.74 0.78 0.72 S
Treated wastewater
ol
19.55 416.33 435 397 N mg L}
Well water Jsoee Slal IS
e lbads la Total dissolved solids
12.66 301.66 316 292 B =
Treated wastewater
ol
6.80 297.33 305 292 P -
Well water Jg P
e lbade wla Total hardness
1.52 222.26 224 221 N =

Treated wastewater
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Fig. 2. Mean comparison of ammonium (a), phosphate (b) and nitrate (c) concentrations, and total nitrogen content (d)
in the soil irrigated with wastewater and well water at the end of the cultivation period.
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Fig. 3. Spatial distribution of the measured characteristics in the soil irrigated with wastewater and well water at the end
of the cultivation period.
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Abstract

Direct use of raw urban sewage for agricultural irrigation may result in many harmful consequences.
Therefore, wastewater treated through different technologies is preferred for reuse, especially in the water-
limited areas. The purpose of this study was to compare the use of treated municipal sewage effluent
compared to well water on the nitrate and phosphate concentrations in agricultural soil under barley
cultivation. For this purpose, a plot of farmland with an area of 2000 square meters was divided into two
equal parts of 1000 square meters, and for one growing season, one part was irrigated with well water and
the other part was irrigated with treated waste water, while the quality of these two water sources was also
determined in the laboratory. A total of 28 soil samples were also collected from each of the two plots
(totally soil 56 samples) from the layer 0—20 cm and analyzed in the laboratory. Inverse Distance Weighting
interpolation method was also used to investigate the spatial distribution of the soil properties. The results
showed that the average concentrations of soil phosphate, potassium and sodium measured in the treated
wastewater were much higher than of well water and the use of treated urban wastewater significantly
increased ammonium, phosphate and nitrate concentrations, and total nitrogen of the soil. In addition, the use
of treated municipal wastewater for irrigation could improve the yield of barley (Hordeum vulgare)
compared to wastewater treatment. It is noteworthy that proper management in the use of treated wastewater
and the selection of plants are important which can minimize the harmful effects of using treated wastewater
on soil characteristics and crop yield.

Keywords: Unconventional waters, Barley product, Wastewater, Well water, Soil properties.

Background and Objective: Wastewater obtained from water consumption in human daily life consists of
99.9% water and 0.1% mixture of suspended mineral, organic and gases (3). Therefore, the use of
wastewater and sewage in the cultivation of crops can reduce the need to use chemical fertilizers (1).
Considering the importance of food chain health in the development of sustainable agriculture, the aim of
this study was to evaluate the changes of nitrogen and phosphorous concentrations in the soil irrigated with
treated wastewater compared to well water in a farmland under barley cultivation.

Methods: Soil sampling was conducted in a farmland located in the north of Boukan city and 175 meters
away from the treatment plant in an area of 40x50 square meters (2000 square meters) under barley
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cultivation irrigated with well water. The farmland was divided into two equal parts each 25%40 square
meters during one growing season, one part irrigated with well water and the other part with treated
wastewater from Bookan city wastewater treatment plant. Soil samples were obtained from the layer 0-20
cm before crop cultivation and also at the end of the growing season according to grid networks of 5x5
square meters with a distance of five meters from the peripheral border of each of the two lands (totally 56
soil samples including 28 controls and 28 treatments). The quality of irrigation waters was measured based
on the standard methods (2). The results of soil physical and chemical properties, irrigation waters and crop
yields were processed using SPSS v. 22 statistical software. Pearson's correlation, Duncan's post hoc and
unpaired ¢ tests were used to investigate the relationships between the initial soil physical and chemical
properties, the effect of irrigation water sources on the soil properties, and barley yield. In order to
investigate the spatial distribution of final soil properties, distribution maps were prepared using the Inverse
Distance Weighting interpolation method by ArcGIS software v. 10.6.

Results: The average soil pH was greater than 7, and the means of electrical conductivity (EC) and calcium
carbonate equivalent were 567.64 uS/cm and 4.75%. The soil texture was silt loam with low organic carbon
(1.27%). Based on the findings, the average concentrations of phosphate, nitrate, potassium and sodium
measured in the well water treated soil were 0.36, 22.10, 2.56, and 0.47 mg/L and for the wastewater treated
soil were 5.41, 10.73, 377.66 and 0.74 mg/L, respectively. The ammonium and nitrate concentrations in the
wastewater treated soil compared to the well water treated one showed a decreasing trend (from 13.53 to
7.67 mg/kg and from 44.79 to 35.50 mg/kg, respectively). In comparison with the initial soil samples, the
phosphate concentration and total nitrogen content significantly increased from 15.87 to 26.49 mg/kg and
from 0.18 to 0.21 %, respectively, due to the wastewater application. The use of treated wastewater
significantly increased the average number of spikes and the weight of the barley yield. The number of
spikes and their dry weight per plant increased from 195 and 189 g in the well water treatment to 253 and
230 g in the treated wastewater, respectively. The height of the spike was significantly affected by the water
sources used for irrigation as it increased from 3.7 cm in the well water treatment to 4.2 cm for the treated
wastewater.

Conclusions: Since soil physical and chemical properies are very important for characterizing soil quality, it
is very vital to accurately understand the influence of irrigation water quality on soil properties. Based on the
results of this study, the average concentrations of phosphate, potassium and sodium measured in the
wastewater treated soil were much higher than in the well water treated one. Additionally, the use of treated
wastewater significantly increased the soil phosphate and nitrogen concentrations. Also, it appeared that the
use of treated municipal wastewater for irrigation could improve barley yield compared to use of well water.
It is also necessary to mention that proper management in the use of unconventional waters and the selection
of plants to minimize the harmful effects of treated wastewater on the soil properties and crop yield are very
important.
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