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Introduction

Increased agricultural activities, the occurrence of successive droughts, and limited freshwater resources, along
with increasing population, have made a priority for the importance of protecting water resources in programs of
developed and developing countries. Due to the climatic conditions in Iran, which has a wide range of arid and
semi-arid characteristics, facing the challenge of water resources crisis, is inevitable. Therefore, the use of
wastewater is very important.

Materials and Methods

This research was conducted in the research farm of Sari University of Agricultural Sciences and Natural
Resources (SANRU), which has a silty clay soil texture. The latitude and longitude of the region are 36° 40’ N and
53° 04’ E, respectively. Its height above sea level is 21 meters. According to Demarten classification, Sari city has
a temperate humid climate. The long-term average temperature of Sari is 11.18 °C and the total long-term rainfall
is 780 mm. In order to evaluate the wastewater effects on soil chemical characteristics, microelements
concentrations, heavy metals accumulation and Maize yield (Single Cross 704), an experiment was carried out as
factorial based on a completely randomized design with treatments included; Water source factor (wastewater
(A1), well water (A2)), Irrigation (subsurface method (I11) and (drip method (12)) with three replication in 2018-
2019 under lycimetric conditions, at the Sari Agriculture and Natural Resources University (SANRU), Iran.

Results and Discussion

According to this study results, the effect of type of irrigation source on soil electrical conductivity, soil
microelements and heavy metals accumulation of the soil was significantly different (P < 0.01). The highest soil
electrical conductivity with a value of 1.8 dS.m™ was observed in the conditions of using treated wastewater. The
highest amount of total nitrogen, phosphorus and potassium were related to the source of treated wastewater with
values of 0.086, 24.2 and 222.2 mg kg, respectively. The results showed that the accumulation of soil Pb (0.07)

and Cd (0.014 mg.kg™) in irrigation with treated wastewater increased compare to the well water source by 0.05
and 0.010 mg.kg?, respectively. Also, the effect of irrigation method and the interaction effect of source and
method irrigation on soil chemical characteristics, microelements concentration and heavy metals accumulation
were not significant. The use of wastewater by increasing soil stability improves soil physical condition, increases
soil fertility, increases photosynthetic products, increases the efficiency of plant photosynthetic system and
ultimately improves plant growth. The use of subsurface irrigation resulted in a 67% increase in grain yield and
28% increase in biomass productivity compared to the drip method. Adequate nutrients during the reproductive
growth stage of the plant play an important role in grain growth. Therefore, it can be said that the nutrients in the
wastewater have increased the grain yield compared to using the well water source. Because the wastewater

1, 2 and 3- Master Graduate of Water Engineering, Associate Professor and Assistant Professor of Department of Water
Engineering, Sari Agricultural Sciences and Natural Resources University, Iran, respectively.
(*- Corresponding Author Email: magholami@sanru.ac.ir)


https://jsw.um.ac.ir/
https://doi.org/10.22067/JSW.2022.77424.1178
mailto:magholami@sanru.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir

VFPe) LT — s F oylos FF > (S g ol 4,5 OVY

contains nutrients and micronutrients such as: nitrogen, phosphorus, potassium, calcium, zinc and iron were
relative to the well water source and increased maize grain yield. The results showed that the use of effluent
compared to well water, caused the absorption of more Pb and Cd in the grain, leaf and stem of maize. Due to the
use of wastewater as water source, the amount of Pb uptake among different parts of the maize, with values of
27.2, 22.5 and 20.5 mg.g?, respectively, related to the grain, leaf and stem. However, the uptake of Cd in the
grains, leaves and stems was 2.32, 1.35 and 2.01 mg.g?, respectively. According to the results, the high
concentration of heavy metals Pb and Cd due to the use of wastewater in the grain sector directly threatens human
health. Also, the concentration of heavy metals Pb and Cd in the leaf and stem parts of corn, by endangering the
health of livestock and poultry, indirectly affects human health.
Conclusion

The results showed that irrigation with treated wastewater due to its richness in nutrients and microelements,
improves soil fertility and creates favorable conditions by increasing soil organic matter and minerals for plant
growth. Also, according to the permissible threshold values of the concentration of heavy metals Pb and Cd in
plants, the accumulation of heavy metals Pb and Cd in the grain, stem and leaf of single cross 704 corn, will not
be a problem for consumers. Optimal use of wastewater can increase soil fertility and the ability of plants to absorb
nutrients from the soil and ultimately increase plant yield.
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Table 1- Soil chemical characteristics before and after testing

Folb oialejl 51 oialejl 51 om
Parameter Before experiment After experiment
Ayl pH 7.42 pH 7.6
Sl colun e L EC (dS.m™?) 0.71 EC (dS.m) 1.62
JS oeris N (%) 0.08 N (%) 0.07
yiund P (mg.kg?) 5.66 P (mg.kg?) 17.54
ol K (mg.kg?) 137.26 K (mg.kg?) 234.15
oS Ca (meq.l?) 4 Ca (meq.l™) 7.44
o2 ke Mg (meq.I™) 10.27 Mg (meq.I™) 26.68
R Na (meg.I™) 0.42 Na (meg.I*) 7.60
oy Pb (mg.kg™) 1.33 Pb (mg.kg™) 1.35
pgeedls’ Cd (mg.kg?) 0.04 Cd (mg.kg?) 0.06

b2 ylailiaw] olas! 1 (6579US B )lan (15l O 1 3Lkl jlome v JSTas g Ol ol OF (2leonnsd (51 S 519 bwgio —T Jooo
(Yazdani et al., 2017) &l p! Cowg jlausmo 9 (55598 5bg,le5 ¢ S Cuiligs lojlw

Table 2- Chemical characteristics average of well water, treated wastewater and maximum permissible limits for treated
wastewater application in agriculture according to World Health Organization (WHO), Food and Agriculture
Organization (FAQO) and Iranian Department of Environment (IRNDOE)

$39UWS 81y Sl (gl laibins!

b ole of cla Wastewater standards for agriculture
Characteristics Well water wastewater 2/1vgz|20) FAO (2006) IRNDOE

pH Al 73 8.07 6.5-8 6.5-8 6-8.5
EC (dS.m™) Sy colia 0.77 0.98 0.7 0.7 -
NTU EpgsS 10 3.48 - - 50

TSS (mg.I"Y) Glxo 2ol dlge IS 16 39.71 - - 100
TDS Jsloee dals Sg S 501 632.57 450 450 -
TP (mg.IY) o) 2.22 413 4 4 6

Cod (mg.I™") wbows (als 3] 3 18.93 - - 200
N (mg.I?) JS Ciaps 0.6 11.45 - - -
Ca (mg.I") oS 60 74.29 - - -
Na (mg.I™) pURw 73.6 97.26 - - -

Mg (mg.I™") e 16.8 20.57 - - 100

CoD(mg.I?) losdion oles eS| 1 6.51 - - 100
Pb (ug.I) oy 0.31 0.15 5 5 1

Cd (ug.I'h) posadls’ 0 0.01 0.01 0.01 0.05
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Table 3- Analysis of variance the effect of source and irrigation method on chemical characteristics, heavy metals
concentration

(Mean square) <les po (pwSbe

~ ayn stleond s S 52g B yuan gy puolis RNCCCIE
% ibio r (Chemical characteristics) (Micronutrients) (Heavy metals)
& vy
(S.0.V) (@) pH EC N P K Pb cd
i (ds.m™) (%) (mg.kg™) (mg.kg™) (mg.kg-1) (mg-kg-1)
<l ae 1 0.0008 ™ 1.203 ™ 0.0031™ 329.7 124.33™ 35.27™ 0.00005 **
Water resource
i ‘5)_["‘4'1 o9 1 0.0071"™ 0.0033™  0.0030 " 0.3008 ™ 39.603 ™ 0.0075 " 0.000008 "
Irrigation method
s 0.0069™  0.0029™  0.0033 ™ 0.0675 ™ 66.27 " 0.0008 " 0.000007 "
Resource x method
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Figure 1- Comparison of the effect of using irrigation water source on electrical conductivity (a) and soil acidity (b)
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Figure 2- Comparison of the effect of using irrigation water source on the concentration of high consumption elements (total
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Figure 3- Comparison of the effect of using irrigation water source on the accumulation of heavy metals lead and
cadmium in soil
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Table 4- Results of analysis of variance Effect of source and method of irrigation on yield, concentration of heavy metals adsorbed in corn
(single cross 704) and drainage from irrigation
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Table 5- Results of analysis of variance Effect of source and method of irrigation on yield, concentration of heavy metals adsorbed in corn
(single cross T04) and drainage from irrigation
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Means that carry the same letter on each column have no significant difference
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1- Food and agriculture organization of the united nations
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