VEF Ly o) oyleds Y als S oS i

Effect of Irrigation with Magnetized Treatment Waste-Water on Soil
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Abstract

Considering the limitation of water resources and the strategic nature of rice production as a water-
consuming product, it is necessary to change irrigation management by using new irrigation methods
and lower-quality water. Low-quality water and conditions can challenge agriculture and cause
changes in soil properties. With methods such as magnetized water, their adverse effects can be
significantly limited. In order to maintain rice production and at the same time minimize the
environmental effects, the present research aims to investigate the effect of magnetized of treatment
waste-water plant on electrical conductivity, sodium absorption ratio, potassium and magnesium of
soil at depths of 0-15, 15-30 and 30-45 which are abbreviated as depth one, two and three. For this
purpose, a factorial experiment was conducted as a randomized complete block design with three
replications. The experimental treatments include the irrigation methode factor including surface
irrigation (B) and subsurface irrigation (S), the water type factor in two levels including healthy water
(C) and treated waste-water (W) and magnetic treatment of water method factor including
magnetized water (M), and Non-magnetized water (O). The treatment combination of surface
irrigation with well water non-magnetized water (OCB) was considered as a control. In different soil
depths in all treatment combinations, at the probability level of 5%, the average value compared to
their initial value showed a decrease significantly in sodium absorption ratio, an increase significantly
in magnesium value, an increase in electrical conductivity except for OCB at three depths, and an
increase significantly in potassium value except for MCB, MWB and MWS in depth one has
decreased. The general result is that the irrigation of rice with magnetic effluent in the surface
irrigation method is recommended due to the increase in the washing effect under the influence of
magnetization, in order to reduce the harmful effects of the accumulation of elements on the soil
surface.
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Table 1. Factors and levels investigated in the research

Factor

Levels Abbreviation

Irrigation Method

Surface irrigation B

Subsurface irrigation

Water Types

Treated waste-water

Well water

Magnetic treatments of water

Non-Magnetized water
Magnetized water
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Table 2. Treatments

Row  Treatment Abb

1 Subsurface irrigation with Magnetized Treated waste-water MWS

2 Surface irrigation with Magnetized Treated waste-water MWB

3 Subsurface irrigation with Magnetized Well water MCS

4 Surface irrigation with Magnetized Well water MCB

5 Subsurface irrigation with Non-Magnetized Treated waste-water OWS

6 Surface irrigation with Non-Magnetized Treated waste-water owB

7 Subsurface irrigation with Non-Magnetized Well water OCs

8 Surface irrigation with Non-Magnetized Well water OCB

Sluy 3 0T (olond 5o (SHho - Jgu
Table 3. Chemical propertices of water and waste water
EC SAR Na* Ca* Mg* K*
Water type @sm) PP “mmol 1 (meq 1)
Well water 0.58 7 0.54 09 23 31 0.09
Treated Waste-water 1.4 8.2 0.66 12 44 5.2 0.45
SR9-F Jaatl plewd g Semd sla
Table 4. Physical and chemical properties of the soil
Tex Clay Silt EC SAR Na* Ca* Mg* K*
' (%) (dS m?Y) (mmol I1)°5 (meq 1Y)

Clay loam 32 30 1.48 7.52 9.25 19 003 84 161
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Figure 1. Layout and components: a. Subsurface irrigation & b. Surface irrigation.
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Table 5. Variance analysis of effect irrigation method, water types and Magnetic treatments of water on
electrical conductivity and sodium adsorption ratio in different soil depths.

Mean square

Source of variance df EC SAR
D1 Dz D3 D1 D2 D3
Block 2 34.34* 1.37"  0.045™  13.14™ 1.87" 98.05™
Irrigation Method (A) 1 5.91m 2.67™ 2.08"™  53.16™  0.599™ 102.05™
Water types (B) 1 104.04** 13.47™ 5.85* 391.39** 26.39** 144.7™
Magnetic treatments of water (C) 1 25.61™ 1.16™  2.63™ 7.48™  12.52** 177.8™
AxB 1 15.69™ 2.59" 0.35"  48.56™  0.338™ 143.32™
AxC 1 9.31™ 0.24" 0.02" 7.02" 6.71** 34.2™
BxC 1 0.71m 0.02m 0.11™ 0.01m 8.58** 47.74™
AxBxC 1 4.01m™ 0.02m 0.02 2.72™ 1.701™ 97.8™
Error 14 5.9 0.99 1.28 26.67 0.631 97.81
il Vg O a0 s me g o sixe sy pothe 4 ol ¥ NS

ns, * and **: Nonsignificant and significant at %5 and %1 level of probability respectively.
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Table 6. Comparison of the effect of simple and bilateral on Electrical Conductivity and Sodium Adsorption
Ratio in different soil depths.

EC (dS m?) SAR (mmol I'1)%5

D1 Dz D3 D1 D2 D3
Irrigation method
Surface irrigation (B) 5.03a 31la 2506a 7.166a 1.72a 2.38a
Subsurface irrigation (S) 6.023a 244a 3.095a 10.143a 2.04a 6.51a
Water types
Well water (C) 3.44b 2.028b 2307a 4.62b 0.83b 1.988a
Treated waste-water (W) 76la 353a 329%4a 12.69a 293a 6.899a
Magnetic treatments of water
Magnetized water (M) 449a 2557a 247a 8.09%a 2605a 1.722a
Non-Magnetized water (O) 6.56a 2998a 3.132a 9.213a 1.161b 7.166a
Irrigation methodx Water types
CB 3.76b 2.033b 1.89b 455b 0.795b 237a
WB 6.30ab 4.19a 3.12ab 9.71b 265a 239a
CS 3.32b 2.02b 273ab  4.68b 0.87b 1.6la
WS 891a 286b 347a 15.6a 32la 114a
Irrigation methodx Magnetic treatments
of water
MB 462a 399a 220a 6.07 a 1.92ab 0.853a
OB 544a 323a 28la 8.27a 153ab 391a
MS 437a 212a 274a 10.13 a 3.29a 259a
0s 768a 276a 345a 10.16 a 079b 10.49a
Water typesx Magnetic treatments of
water

#4
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1.78c 191b 4037b 0958b 0.677a
2.71ab 5.19b 0.71b 3.3a

3.33ab 3.03ab 12.15a 425a 2.77a

3.7l1a 356a 13.23a 161b 11.03a
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Figure 2. Comparison of the effect of irrigation water, water types and Magnetic treatments of water on electrical
conductivity in different soil depths with Duncans test at the 5% level.
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Figure 3. Comparison of the effect of irrigation water, water types and Magnetic treatments of water on sodium
adsorption ratio in different soil depths with Duncans test at the 5% level.
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Table 7. Variance analysis of effect irrigation method, water types and Magnetic treatments of water on
potassium and magnesium in different soil depths.

Mean square

Source of variance df K* Mg?*
D, D2 D3 D D, Ds
Block 2 0.066* 0.007™ 0.017" 6.03" 1.59" 10.9™
Irrigation Method (A) 1 0.099* .016™ 0.038* 47.3" 67.4**  35.23*
Water types (B) 1 0.06" 0.131* 0.025™ 18.2m™ 7.21" 596"
Magnetic treatments of water (C) 1 0.2** 0.033™  0.01™ 0.92m 2.19m 14.8™
AxB 1 0.01™ 0.006™ 0.038* 0.42" 8.32" 15.6"
AxC 1 0.009™ 0.006™ 0.034" 0.09m 1.97  37.35*
BxC 1 0.001™ 0.035™ 0.013™ 51.86* 0.02m 0.09m
AxBxC 1 0.003™ 0.014™ 0.018™ 14.8" 4.11m™ 26.7™
Error 14 0.014 0.017 0.008 7.25 5.99 6.59
el Vg O, s ) jlo e 5 515 gime o) poge & ol S *F NS

ns, * and **: Nonsignificant and significant at %5 and %1 level of probability respectively.
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Table 8. Comparison of the effect of simple and bilateral on potassium and magnesium in different soil

depths.
K* (megl?) Mg?* (megl?)
D D, Ds D D, Ds

Irrigation method
Surface irrigation (B) 0.485a 0.253a 0.244 a 9.05a 9.409a 9.62a
Subsurface irrigation (S) 0.357b 0.203a 0.324a 6.24b 6.0568b 7.194b
Water types
Well water (C) 0.37a 0.154b  0.252a 6.77 a 7.18a 7.908 a
Treated waste-water (W) 0.47a 0.302a 0.317a 85a 8.28a 8.904 a
Magnetic treatments of water
Magnetized water (M) 0.33b 0.191a 0.304a 7.45a 8.035a 9.193a
Non-Magnetized water (O) 0.51a 0.265a  0.264a 7.84a 7431a 7.619a
Irrigation methodx Water types
CB 0.417ab 0.195ab 0.252b 8.3lab 8.272ab 9.927a
WB 0.553a 0.312a 0.237b 9.78a  10.545a 9.308a
CS 0.325b  0.113b  0.252b 5.24b 6.098 a 5.88a
WS 0.388ab 0.292a  0.397a 7.24ab  6.017b 85a
Irrigation methodx Magnetic
treatments of water
MB 0.375b 0.2a 0.302b 8.79a 9.99a 11.65a
OB 0.595a 0.307a  0.187b 9.3la 8.82ab 7.58b
MS 0.285b  0.182a 0.307ab 6.1a 6.073b 6.73b
0s 0.428 b 0.22a 0.342a 6.37a 6.042b 7.56b
Water typesx Magnetic treatments
of water
MC 0.285¢c 0.155b  0.248a 8.048a 7.46a 8.75a
oC 0.457ab 0.153b  0.255a 55a 6.91a 7.06a
MW 0.375bc 0.227 ab 0.36a 6.85a 8.6la 9.63a
ow 0.567a 0.377a 0.273a 10.18a 7.952a 8.178a
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Figure 4. Comparison of the effect of irrigation water, water types and Magnetic treatments of water on potassium
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Figure 5. Comparison of the effect of irrigation water, water types and Magnetic treatments of water on
magnesium

90 Goe o Syl colse lade (n S 9 Ko Bee
&Ly (MWS) blie Clas b (sue ) 6 ke ol
oSl Colas 5 i ©d Sl ol (5t
2 jeie Rl g (40 M0l sgno Juo ) S Ges o
ombliae Olas b (v g,lol 0005 50 Ges jo
S Bes 4O e e 5 i Ll (MWB)
O ORe 99 Boe )0 S Sl Colae Jlade o e
remolly SIS 0 5089 90 9 So Goe 50 penlty il
T b 6l Ghgy 50 publiie Clay L sl
S mhw (o pole g pae Ol Sl gals bl o
il s bl gl K Oyl 005 e dnoy
gy o3tz cpl 50 oolaiul 090 Gy (5lu bl
el paz 5l g sl 00505 gy | S 2Dl 280
S 4 1A il 0090 (6 S el 00 5 Jaaze ialS
abal Ol sloslaiulay pSLas ol b 0w,
0905 mablise Mol g, 5l eolaiuwl (puins &l
b LeKal ) wolay ) eolatwl ate ,BT 51 5,90 &y

References

5 (Khoshraves et al., 2021b) ,Son 5 ig, 55>
O e axdls el (Amindin, 2013) oyl
2l Lot ol sl o e bl
SYL s 4 Silgs e a5 el 00gy ol T b s lie
SFrore Ol b alin ;0 Cluy jo paie cl le (0
(Heidarpour et al., 2007) o ,\Ken ¢ 5 00> ail
S (s 25 6 kel 5l oliisl Sl )3 o ste 2ol

308 )18y (b 55kl &

Sl b (b sl siles oS5 ol s b
Jode eSSl (OCB) uabliseyd Jsos
Cole e (TS g Sy Bes 50 it i Caes
Sl L deiny ool el g0 Goe jo (S S
Jie S slyls (OCS) upbliioyé  Jsoss
Colae lade 1 5aS « SO Bes [0 o il S
el Cale 0 508 5 90 Bos 50 muinie 9 (S S
Ol 5l Sl S sy @l Sl Gos a2 0

30 it o Cond Hlade o 5eS lyls dals ol

Abedi M.J., and Najafi P. 2001. Wastewater Treatment and Use in Agriculture. FAQO irrigation and
drainage paper NO. 47. Translate by Iranian National Committee on Irrigation and Drainage

(IRNCID). 270 p. (In Persian)

Adekoya M.A., Liu Z., and Vered E. 2014. Agronomic and ecological evaluation on growing water-
saving and drought-resistant rice (Oryza sativa L.) through drip irrigation.

Agoro M.A., Adeniji A.O., Adefisoye M.A., and Okoh O.0. 2020. Heavy metals in wastewater and
sewage sludge from selected municipal treatment plants in Eastern Cape Province, South

Africa. Water, 12(10): 2746.



e s albaias olay b bl st

Aivazidou E., and Tsolakis N. 2021. Investigating dynamic interconnections between organic
farming adoption and freshwater sustainability. Journal of Environmental Management, 294:
112896.

Amindin A. 2013. The use of urban treated wastewater in drip irrigation and its effect on the physical,
chemical and biological properties of the soil. Dissertation for obtaining a master's degree in
irrigation and drainage, Shiraz University. (In Persian)

Assouline S., Russo D., Silber A. Or D. 2015. Balancing water scarcity and quality for sustainable
irrigated agriculture. Water Resources Research, 51(5): 3419-3436.

Ataee A., Ebrahimi N., Asadi H., Gorji M. 2021. Organic Pollutants of Sewage Sludge, Fate in Soil
and their Analytical Methods. Iranian Journal of soil and water research, 52(2): 577-595 (In
Persian).

Baram S., Weinstein M., Evans J.F., Berezkin A., Sade Y., Ben-Hur M., Bernstein N., Mamane H.
2022. Drip irrigation with nanobubble oxygenated treated wastewater improves soil
aeration. Scientia Horticulturae, 291: 110550.

Ben Amor H., Elaoud A., Ben Hassen H., Ben Salah N., Masmoudi A., and EImoueddeb K. 2020.
Characteristic study of some parameters of soil irrigated by magnetized waters. Arabian Journal
of Geosciences, 13: 1-11.

Ben Hassen H. Hozayn M. Elaoud A. and Attia Abdd EI-monem A. 2020b. Inference of magnetized
water impact on salt-stressed wheat. Arabian Journal for Science and Engineering, 45: 4517-
4529.

Ben Hassen H., Elaoud A., and Masmoudi K. 2020a. Modeling of agricultural soil compaction using
discrete Bayesian networks. International Journal of Environmental Science and Technology, 17:
2571-2582.

Bichai F., Polo-Lopez M.I., Ibanez P.F. 2012. Solar disinfection of wastewater toreduce
contamination of lettuce crops by Escherichia coli in reclaimed waterirrigation. Water research,
46(18): 6040-6050.

Carracelas G., Hornbuckle J., Rosas J., and Roel A. 2019. Irrigation management strategies to
increase water productivity in Oryza sativa (rice) in Uruguay. Agricultural water
management, 222: 161-172.

Choopan Y., Emami S., Hesam M. 2018. Study the Effect of Irrigation with Industrial Wastewater
on Soil Chemical Properties (Case Study: Torbat-Heydarieh). Iranian Journal of Irrigation and
Drainage, 12 (4): 862-871. (In Persian)

Cui H., Liu X., Jing R., Zhang M., Wang L., Zheng L., and Ma F. 2020. Irrigation with Magnetized
Water Affects the Soil Microenvironment and Fruit Quality of Eggplants in a Covered Vegetable
Production System in Shouguang City, China. Journal of Soil Science and Plant Nutrition, 20:
2684-2697.

Deng L., Chen K., Liu Z., Wu B., Chen Z., and He S. 2022. Spatiotemporal variation evaluation of
water quality in middle and lower Han River, China. Scientific Reports, 12(1): 1-14.

Djaman K., Mel V., Boye A., Diop L., Manneh B., EI-Namaky R., and Futakuchi K. 2020. Rice
genotype and fertilizer management for improving rice productivity under saline soil
conditions. Paddy and Water Environment, 18: 43-57.

Ebrahimizadeh M.A., Hassan Lee. A.M., Ahmadi Rad. Sh. 2007. Minimal environmental effects of
urban sewage effluent on soil in corn cultivation. Proceedings of the first specialized conference
on environmental engineering, Tehran. (In Persian)

Ekins P., Gupta J., and Boileau P. 2019. Global Environment Outlook—GEO-6: healthy planet,
healthy people.

Elaoud A., Hassen H.B., Salah N.B., Masmoudi A., Chehaibi S. 2017. Modeling of soil penetration
resistance using multiple linear regression (MLR). Arabian Journal of Geosciences, 10: 1-8.

Fallah S. 2008. Magnetic irrigation and its applications.

Gasmi I., Aljoumani B., Sanchez-Espigares J.A., Mechergui M., and Moussa M. 2019. A linear
mixed effect (LME) model for soil nutrients and soil salinity changes based on two localized
irrigation techniques (drip irrigation and buried diffuser). Arabian Journal of Geosciences, 12: 1-
12.

\id


https://ijswr.ut.ac.ir/?_action=article&au=680274&_au=Ali++Ataee&lang=en
https://ijswr.ut.ac.ir/?_action=article&au=362404&_au=Nadergholi++Ebrahimi&lang=en
https://ijswr.ut.ac.ir/?_action=article&au=331569&_au=Hossein++Asadi&lang=en
https://ijswr.ut.ac.ir/?_action=article&au=146643&_au=Manouchehr++Gorji&lang=en

VE-F oo o) oyled Y al> S 905 Dlidss

Ghorbani-Minaei L., and Choopan Y. 2022. Investigating the Chemical Reaction of Soil to Treated
Sewage Effluent. The third national conference on low irrigation and unconventional water use
in agriculture in dry areas. (In Persian)

Ghotbizadeh M., Cuss C.W., Grant-Weaver I., Markov A., Noernberg T., Ulrich A., and Shotyk W.
2022. Spatiotemporal variations of total and dissolved trace elements and their distributions
amongst major colloidal forms along and across the lower Athabasca River. Journal of
Hydrology: Regional Studies, 40: 101029.

Hashem M.S., and Qi X. 2021. Treated wastewater irrigation—A review. Water, 13(11): 1527.

Heidarpour M., Mostafazadeh-Fard B., Koupai, J.A., and Malekian R. 2007. The effects of treated
wastewater on soil chemical properties using subsurface and surface irrigation
methods. Agricultural water management, 90(1-2): 87-94.

Hussain G., & Al-Saati A.J. (1999). Wastewater quality and its reuse in agriculture in Saudi
Arabia. Desalination, 123(2-3): 241-251.

Karandish F. 2015. Analyzing the Geostatistical Methods in Spatial Monitoring of Saline and Sodic
Condition of Soils under Treated-Wastewater Irrigation. Applied Soil Research, 2(1): 115-128.
(In Persian)

Karimzadeh M., Alizadeh A., Mohammady Arya M. 2013. Effect of Irrigation with Waste Water on
Soil Saturated Hydraulic Conductivity. Journal of Water and Soil, 26(3): 1547-1553 (In Persian).

Khalid S., Shahid M., Natasha Bibi I., Sarwar T., Shah A.H., and Niazi N.K. 2018. A review of
environmental contamination and health risk assessment of wastewater use for crop irrigation
with a focus on low and high-income countries. International journal of environmental research
and public health, 15(5): 895.

Khodadadi N., Ghorbani Dashtaki Sh., Kiani Sh. 2015. The effects of quality of irrigation water on
selected soil physical properties in rice cultivation lands (Oryza Sativa). Journal of water and soil
resources conversation, 4 (3): 15-28. (In Persian)

Khoshravesh M., Erfanian F., Pourgholam-Amiji M. 2021a. Effect of Irrigation with Treated
Magnetic Effluent on Yield and Yield Components of Maize. Journal of Water Management in
Agriculture, 8 (1): 115-128. (In Persian)

Khoshravesh M., Hosseini S. M., & Pourgholam-Amiji M. 2021b. The Effect of Irrigation with
Magnetically Treated Effluent on Chemical Properties and Soil Heavy Metals. Iranian Journal
of Soil and Water Research, 52(8): 2191-2203 (In Persian)

Kiani A.R., Khushrosh M., Mostafazadeh B., Mousavi S.F. 2017. Use of magnetic irrigation method
to improve water and soil and reduce water crisis. The first international conference on water
crisis. (In Persian)

Korom S.F., and Jeppson R.W. 1994. Nutrient leaching from alfalfa irrigation with municipal
wastewater. Journal of Environmental Engineering. 120(5): 1067-1081.

Kruse E., Eslamian S., Ostad-Ali-Askari K., and Hosseini-Teshnizi S.Z. 2018. Borehole
Investigations. Encyclopedia of Earth Sciences Series; Springer: Cham, Switzerland.

Liu B., Wang S., Kong X., Liu X., and Sun H. 2019. Modeling and assessing feasibility of long-term
brackish water irrigation in vertically homogeneous and heterogeneous cultivated lowland in the
North China Plain. Agricultural Water Management, 211: 98-110.

Morandini N.P., Petroudi E.R., Mobasser H.R., and Dastan S. 2020. Life cycle assessment of crop
rotation systems on rice cultivars in Northern Iran. International Journal of Plant Production, 14:
531-548.

Mostafazadeh-Fard B., Khoshravesh M., Mousavi S.F. and Kiani A.R. 2012. Effects of magnetized
water on soil chemical components underneath trickle irrigation. Journal of irrigation and
drainage engineering, 138(12): 1075-1081.

Nicholson F., Bhogal A., Taylor M., McGrath S., and Withers P. 2018. Long-term effects of biosolids
on soil quality and fertility. Soil Science, 183(3): 89-98.

Phogat V., Mallants D., Cox J.W., “Siminek J., Oliver D.P., Pitt T., Petrie P.R. 2020. Impact of long-
term recycled water irrigation on crop yield and soil chemical properties. Agricultural Water
Management, 237: 106167.

Pirali zefrehei A.R., Kolahi M., and Fisher J. 2022. Ecological-environmental challenges and
restoration of aquatic ecosystems of the Middle-Eastern. Scientific Reports, 12(1): 17229.

\Al



e s albaias olay b bl st

Pomazi I. 2012. OECD Environmental Outlook to 2050. The Consequences of Inaction. Hungarian
Geographical Bulletin, 61(4): 343-345.

Pourgholam-Amiji M., Liaghat A., Ghameshlou A., Khoshravesh M., and Wagas M.M. 2020.
Investigation of the yield and yield components of rice in shallow water table and saline. Big Data
in Agriculture (BDA), 2(1): 36-40.

Pourgholam-Amiji M., Liaghat A., Khoshravesh M., and Azamathulla H.M. 2021. Improving rice
water productivity using alternative irrigation (case study: North of Iran). Water Supply, 21(3):
1216-1227.

Qian Y.L., and Mecham B. 2005. Long-term effects of recycled wastewater irrigation on soil
chemical properties on golf course fairways. Agronomy Journal, 97(3): 717-721.

Ramesh A., and Ostad-Ali-Askari K. 2023. Effects of magnetized municipal effluent on some
physical properties of soil in furrow irrigation. Applied Water Science, 13(1): 26.

Rezapour S., Samadi A., and Khodaverdiloo H. 2012. Impact of long-term wastewater irrigation on
variability of soil attributes along a landscape in semi-arid region of Iran. Environmental Earth
Sciences, 67: 1713-1723.

Saatsaz M., and Rezaei A. 2023. The technology, management, and culture of water in ancient Iran
from prehistoric times to the Islamic Golden Age. Humanities and Social Sciences
Communications, 10(1): 1-22.

Schacht K., and Marschner B. 2015. Treated wastewater irrigation effects on soil hydraulic
conductivity and aggregate stability of loamy soils in Israel. Journal of Hydrology and
Hydromechanics, 63(1): 47-54.

Sin Y., and Lee H. 2020. Changes in hydrology, water quality, and algal blooms in a freshwater
system impounded with engineered structures in a temperate monsoon river estuary. Journal of
Hydrology: Regional Studies, 32: 100744,

SunY.,Wang C., Mi W,, Qu Z., Mu W., Wang J., ... and Wang Q. 2022. Effects of Irrigation Using
Activated Brackish Water on the Bacterial Community Structure of Rhizosphere Soil. Journal of
Soil Science and Plant Nutrition, 22(4): 4008-4023.

Turki N., Elaoud A., Gabtni H., Trabelsi I., and Khalfallah K.K. 2019. Agricultural soil
characterization using 2D electrical resistivity tomography (ERT) after direct and intermittent
digestate application. Arabian Journal of Geosciences, 12: 1-11.

Urbano V.R., Mendonca T.G., Bastos R.G., and Souza C.F. 2015. Physical-chemical effects of
irrigation with treated wastewater on Dusky Red Latosol soil. Revista Ambiente and Agua, 10:
737-747.

Van Nguyen N., and Ferrero A. 2006. Meeting the challenges of global rice production. Paddy and
Water Environment, 4: 1-9.

Wei K., Zhang J., Wang Q., Guo Y., & Mu W. 2022. Irrigation with ionized brackish water affects
cotton yield and water use efficiency. Industrial Crops and Products, 175:; 114244,

Zhang J., Wang Q., Wei K., Guo Y., Mu W., and Sun Y. 2022. Magnetic Water Treatment: An eco-
friendly irrigation alternative to alleviate salt stress of brackish water in seed germination and
early seedling growth of cotton (Gossypium hirsutum L.). Plants, 11(11): 1397.

Zhou B., Yang L., Chen X., Ye S., Peng Y., and Liang C. 2021. Effect of magnetic water irrigation
on the improvement of salinized soil and cotton growth in Xinjiang. Agricultural Water
Management, 248: 106784.

Zhu M., Wang Q., Sun Y., and Zhang J. 2021. Effects of oxygenated brackish water on germination
and growth characteristics of wheat. Agricultural Water Management, 245: 106520.

Zounemat Kermani M., Asadi R., Bay Y.M., Mirzazanjani P. 2014. Effects of Using Wastewater
Irrigation on the Chemical Characteristics of Soil Under Furrow and Drip Irrigation Methods.
Environmental Sciences, 12 (4): 81- 90. (In Persian)

YA



