o SlENcey
2

INDIAN JOURNAL OF SCIENCE AND TECHNOLOGY %& )

ORIGINAL ARTICLE

Check for
updates

& OPEN ACCESS

Received: 08/11/2025
Accepted: 07/12/2025
Published: 31/12/2025

Citation: Agcaoili SO (2025)
Magnetized Water for Irrigation: A
Review on its Effects on Crop
Growth, Soil Properties and Water
Use Efficiency. Indian Journal of
Science and Technology 18(47):
3807-3821. https://doi.org/
10.17485/1)ST/v18i47.1822

*Corresponding author.
shirlyagcaoili@gmail.com

Funding: Cagayan State University
(for the project component)

Competing Interests: None

Copyright: © 2025 Agcaoili. This is
an open access article distributed
under the terms of the Creative
Commons Attribution License, which
permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
author and source are credited.

Published By Indian Society for
Education and Environment (iSee)

ISSN
Print: 0974-6846
Electronic: 0974-5645

Magnetized Water for Irrigation: A
Review on its Effects on Crop Growth,

Soil Properties and Water Use Efficiency
Shirly O Agcaoili'*
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Abstract

Objective: To evaluate the effect of magnetic water on plant growth,
Soil properties and water use efficiency, and its viability as an irrigation
alternative method in the face of water shortage and traditional irrigation
practices. Methods: This study conducted an extensive literature review
(2019-2025) using Google Scholar, ScienceDirect, and PubMed to assess
magnetized water (MW) effects on plant growth, soil quality, and water use
efficiency. Using keywords: “magnetized water,” “magnetic water treatment,”
“magnetically treated irrigation,” “crop yield and magnetic water,” “soil
response to magnetized water,” “magnetized irrigation water,” and “water
use efficiency"—combined with Boolean operators, studies were synthesized
thematically to identify trends, mechanisms, and research gaps. Findings
Magnetized Water (MW) is highly effective as it drives significant gains in crop
productivity, soil and Water Use Efficiency (WUE). Vegetative and reproductive
parameters, plant height increased up to 56%, fruit weight increased 64%, leaf
area increased 109%, and flower dry mass increased 14%. These physiological
enhancements were supported by increase in chlorophyll content from 13% to
21% and a 26% increase in carbohydrate content. MWT significantly increased
WUE to 24.7% as soil moisture content rose up to 14.24%, resulting to more
nutrient uptake (e.g., Fe, Zn, Cu, Mn, P, K, Ca, Mg, with R2 = 0.9801), higher
protein, and chlorophyll content. MWT also mitigated stress, as a 38% increase
in plant survival under salinity. This improved water-nutrient relationship
allows for greater crop yields, where MW irrigation led to a 20-25% higher
seedyield. Moreover, crop yield significant increase such as strawberry (40.9%),
grain yield (10.6%), beans (20.07%) depending on the water quality may yield
up to 22.4 t/ha. In terms of soil properties, soil water storage increased by
1.58-14.19%, and MW mitigated salinity by reducing salt accumulation by 0.22-
7.66%, lowering SAR from 16.3 to 13.9, and enhancing infiltration by 50%.
Novelty: This review integrated seven years of most recent multidisciplinary
researches on MW applied to diverse crops, integrating biophysical, chemical,
and biological insights, quantifying performance gains, - areas previously
treated separately which were often overlooked, while identifying critical
research gaps in standardization, mechanistic understanding, and long-term
validation, and mapping future research directions for large-scale, sustainable
agricultural adoption.

Keywords: Crop growth; Irrigation efficiency; Magnetized water; Soil
properties; Water use efficiency
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1 Introduction

Water shortage has been a major issue for food production globally. The water needed in agriculture has been increasing by 1%
every year during the last 40 years, and a 60% increase by 2025, and 20-30% crop declines in 2030-2040 in different regions are
forecasted ). Agriculture remains the largest consumer of fresh water, more than 70% of the total global freshwater withdrawals
are accounted for by it according to the United Nations »*). Nevertheless, irrigation inefficiencies are responsible for a significant
share of water wastage. The reasons for the urgent need for solutions that enhance water use efficiency and still keep crop
productivity at a reasonable level are the increase in the world’s population and climate change resulting in water shortages®.
One such solution is the use of magnetized water (MW) in irrigation, which has been a subject of discussion widely lately.

Magnetized water, which can also be called magnetic water or water treated magnetically, is a type of water that is formed
when regular water is put through a magnetic field that is mostly made by permanent magnets or an electromagnet®. When
water is exposed to a magnetic field, big clusters of water break into smaller ones. The decrease in the size and number of clusters
results in the separation of water molecules, which thereby become more active. It is claimed that the magnetic treatment
changes the physicochemical properties of water i.e. when the water is subject to magnetization, changes in the dielectric
constant, viscosity, surface tension, freezing point, boiling point, as well as chemical behavior, g. ion mobility and hydrogen
bonding, and electrical conductivity occur, the clustering structure of hydrogen bonded chains and the polarization effects of
water molecules are more intensified after magnetization ®) which thus facilitates its interaction with soil and plants by the
improvement of water infiltration, nutrient transport, and overall water absorption by plants through different mechanisms 1.
While the concept has been a subject of theoretical discussion for years, recent experimental and field research have garnered
renewed interest in its potential application for sustainable agriculture.

The concept of using magnetic fields to affect water properties has been around for a long time, and the first uses were
mainly in the industrial; calcium carbonate scale prevention !'?), cement mortar mix!¥, and biofouling mitigation '¥) and
medical sectors 19, Since the 1990s, however, the idea has been slowly shifted to the agricultural sector and this shift has been
propelled by studies that report better germination of seeds!”'®) and yield of various common vegetables and fruits water that
have been magnetically treated in different environment; tomato in aquaponics !®!%, lettuce in hydroponics ?” lettuce in drip
fertigation @, The past decade, especially the period after 2020 has been characterized by the growing interest in the topic when
the ameliorative effects of MW as a cheap, eco-friendly solution for irrigation and thus the overall plant performance began to
be considered by the researchers.

The shift towards using magnetized water technology can be mainly attributed to the various benefits that have been
suggested, that is, germination of seeds in a better way, growth of plants with higher yields, increased intake of nutrients,
improvement of soil structure and more water infiltration along with retention.

While a substantial number of studies have been conducted over time ?>~2%, the outcomes of these studies concerning the
topic are still incompatible. One of the reasons for this is that within these studies’ different experimental conditions, crop types,
water sources, and the intensity and duration of magnetic treatment vary. In any case, an overview of the literature is necessary
to decide the real possibilities and limitations of magnetized water for irrigation in agriculture. This new wave of interest in
the subject fits well with the general trend of researching agriculture that is more and more directed towards nature-based and
low-energy solutions to the problems of the efficient use of resources. Magnetized water is a perfect example of how physics
and agronomy can be interlinked to provide a non-invasive and, possibly, a sustainable way of handling water.

Results of individual experiments on magnetized water may have been positive; however, a scientific consensus on the matter
cannot be reached yet. This is mainly due to the differences in the setup of experiments and the results obtained. There are still
many critical issues that the researchers have to deal with, such as 1) What are the effects of magnetized water on crop species
and their growth stages; 2) How magnetic treatments alter the physical and chemical properties of soil; 3) Can magnetized
water be a reliable source for water use efficiency in different irrigation systems, and 4) What are the shortcomings of this
phenomenon and what level of standardization is expected for upcoming investigations?

Previous studies have been disjointed and mostly confined to the results of small-scale experiments or research in
greenhouses. The absence of integrated large-scale field trials and interdisciplinary studies that merge plant physiology,
soil science, irrigation engineering, and environmental sustainability is notable. Hence, a review of the literature becomes
indispensable to pool the existing data, pinpoint the gaps in knowledge, and lay down a plan for research and practical
application.

2 Review Methodology

This study reviewed relevant literature through a narrative literature review method. It gathered, analyzed, and synthesized
data about magnetized water (MW) use in agriculture, which focused on its impact on different crop species and their growth
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stages, Soil properties and water-use efficiency in various irrigation systems. Instead of strictly adhering to a systematic review
protocol, the author of the review intended to cover broadly and at the same time deeply the chosen topic by outlining the
core concepts, technological innovations, and the next steps for research in this field that could both guide further studies and
inspire practical developments in the field.

The literature review was intended to be exhaustive and therefore resorted to several academic and research-oriented
databases and digital libraries to access the most relevant and up-to-date publications. Among the sources for this review were
Google Scholar, ScienceDirect, and PubMed. To facilitate greater coverage and present a broader range of perspectives, the
researcher also looked at other materials such as the references sections of articles already identified. The search was done by
using the combinations of keywords such as “magnetized water;” “magnetic water treatment,” “magnetically treated irrigation,”
“crop yield and magnetic water,” “soil response to magnetized water,” “magnetized irrigation water,” and “water use efficiency”
To make the search more efficient and the resulting set of articles more relevant, Boolean operators such as AND, OR, and NOT
were used to separate, combine or exclude the keywords.

Only sources from 2000 till 2025 were taken into account to choose papers for the review, with the main focus shifted more
towards recent studies after 2019. This time frame was selected to include the earliest studies as well as the newest breakthroughs
in the research and practical application of magnetized water in agriculture. The literature selection process was determined by
the presence of both inclusion and exclusion criteria which mainly addressed issues such as whether the literature was relevant,
well-conducted, and useful for the topic.

The review made extensive use of studies focusing on the application of magnetized water in agricultural systems and
reporting empirical data on its effects on plant growth, soil properties, or water use efficiency. Eligible sources were peer-
reviewed scientific journals, conference proceedings, graduate theses, and technical reports. Only articles in the English
language were considered, and the review gave priority to studies conducted in the greenhouse, laboratory, or field. Besides,
some scientific papers that provided information about the function and physicochemical changes of magnetically treated water,
especially those associated with soil and plant systems, were also considered for inclusion.

Contrarily, the author decided to leave out studies that were not related to agricultural contexts, such as those focusing on
the application of magnetic water in the medical, industrial, or household sectors. Furthermore, articles without empirical data,
e.g., opinions, editorials, or speculative essays, were also excluded. Publications appearing more than once or sources that report
the same dataset already covered in other studies were removed from the list of potential studies. Besides, any non-English
publication or one whose full text is unavailable has also been dropped. Lastly, those research papers that briefly mention the
magnetized water without presenting any measurable results related to crops, soils, or water efficiency were not considered.

After sorting through the relevant literature and screening, the studies were thematically arranged to facilitate a structured
synthesis of findings. The work revolved around the first three major areas: (1) the impacts of magnetized water on crop growth
and yield parameters, (2) changes in soil physical and chemical properties arising from MW application, and (3) its impact
on water reuse and irrigation practice. The findings in each thematic area were presented with reference to the experimental
results, general patterns, contrasting observations, and proposed mechanisms. The author also looked at the differences in study
design, crop species, magnetic field strength, duration of treatment, and irrigation method. Such a thematic approach allowed
a qualitative synthesis of the current state of knowledge, helped to underline the essential findings and limitations, and made it
possible to outline the next steps in research and practical advice for sustainable agriculture.

3 Overview

3.1 Effects of Magnetized Water on Crop Growth and Yield

Table 1. Effects of Magnetized Irrigation Water Treatment (MW'T) on Crop Performance, Water Use Efficiency, and Salinity Mitigation in
Agricultural Systems (2019-2025)

Reference Crop / Species  Condition / Con- Treatment Key Findings Remarks / Notes
text (Neutral / Mixed /
Conditional)

Continued on next page
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Table 1 continued

(as) Tomato

(Solanum
lycopersicum)

(19) Tomato

(Solanum
lycopersicum)

(25) Cowpea  cul-

tivar  (Vigna
unguiculata L.)
-TVX-117

(26) Maize (Corn)

Salinity stress con-
ditions; evaluation
of seed and irriga-
tion water magneti-
zation

Aquaponics system,
controlled environ-
ment

Bucket experiment
focused on nutri-
ent uptake and
water use efficiency
(WUE)

Irrigation with
blended wastewater

Magnetic treatment
of water and/or
seeds

Magnetically
treated water using
6 vs 12 permanent
magnets

Irrigation with
water treated with
a magnetic flux
of 11274 G vs.
ordinary water
(control)

Magnetized
wastewater
gation

irri-

Conditional Posi-
tive - Magnetized
water significantly
improved germina-
tion, growth, and
productivity under
salt stress, but the
response depended
on salinity level and
treatment type

Mixed to Strong
Positive - Plant
height and fruit
weight  increased
significantly,  but
number of flowers
and fruits showed
no significant
difference  among
treatments

Neutral: Magnetic
water was identi-
fied as a cheap and
environmentally

friendly  technol-
ogy, but overall
crop performance
effects were consid-
ered neutral despite
improvements  in
specific parameters

Magnetized

wastewater sig-
nificantly increased
grain yield (9.8%)
and biological yield
(10.63%) compared
to non-magnetized
wastewater.

Benefits were
strongest ~ under
moderate salin-
ity; extremely

high salinity still

reduced  perfor-
mance despite
magnetic treat-
ment; shows
stress-mitigation

rather than absolute

yield maximization
Early growth (first
21 DAT) showed
no significant
height difference;
strongest  effects
appeared from
28 DAT onward;
yield improved
mainly  through
fruit weight, not
fruit count

Water use efficiency
(WUE) was sig-
nificantly  higher
under magnetized
water (24.7%)
compared to the
control (7.6%).
Magnetic water
also improved
nutrient absorption
and  assimilation,
supporting cowpea
growth
Demonstrates
both  productivity
enhancement and
environmental
safety benefits
under wastewater
irrigation

Continued on nex

t page
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Table 1 continued

) Processing Arid drip-irrigated Combination  of Conditional: The optimal treat-
tomato field in addressing six magnetization The effectiveness ment was MIT3
soil salinization and  intensities (0-5000  of magnetized (3000 Gs magne-
plastic  pollution Gs) applied to water  depended tized water + black
from conventional irrigation  water on the optimal biodegradable
film mulch and two types of combination of film). Magnetized
biodegradable film magnetization water improved soil
mulch: Black (M1) intensity and mulch  water content, salt
and  Transparent type. The recom- leaching efficiency,
(M2) mended treatment and soil water-salt
delivered the high-  redistribution.
est agronomic and It promoted leaf
economic benefits  growth, enhanced
for sustainable oasis ~ photochemical
agriculture efficiency, and sig-
nificantly improved
fruit yield, fruit
quality, and water
use efficiency
(28) Tomato Field experiment Combination of five ~ Conditional: Growth, total yield,
(Solanum irrigation mixtures Magnetic field and NPK content
lycopersicon) of Fresh Water application miti- decreased as ADW
(FW) and ADW  gated the negative ratio increased,
(100% FW to 100% effects of increasing  but MF treatment
ADW) with and ADW proportion enhanced growth
without magnetic on tomato growth and yield under
field (MF) treat- and yield; its effec- both FW  and
ment applied using tiveness depended ADW. Fruit quality
iron filings (150 kg on the quality of traits (vitamin C,
ha'1) irrigation water TSS, firmness) were
highest under 100%
ADW and were
further improved
by ME The study
concludes that
magnetic treatment
helps overcome the
deleterious effects
of agricultural
drainage water use
(29) Pepper (Cap- Arid field; saline Magnetized irri- Positive under Magnetic water
sicum annuum)  irrigation gation water  salinity stress: Yield treatment is a
(two magnetic  increased to 20 promising  tech-
treatments, incl. and 22.4 t/ha vs nique for utilizing
Magiko) control; fruit size low-quality (saline)
improved; LAl and water in agricul-
RWC  increased, ture. Results should

enhancing growth;
soil salinity reduced

be confirmed
by long-term
experiments  and
under different
conditions.

Continued on next page
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Table 1 continued

(0) Haloxylon Field experiment Irrigation with  Conditional: Mag- MBW reduced
ammoden- in an arid area Fresh Water (FW), netized brackish salinity stress
dron seedlings to evaluate the Brackish Water  water (MBW)  effects compared to
(perennial use of abundant (BW), and Mag- effectively sup- BW and improved
desert shrub) brackish water for netized Brackish ported seedling early survival

desert plants while =~ Water (MBW), establishment and and growth of
mitigating soil each at five water growth under seedlings in arid
salinization supply levels water-deficient and  environments

saline conditions,

but  performance

depended on water

supply level and

salinity stress

intensity

D) Calendula Arid/semi-arid Irrigation with  Neutral: Water MW  significantly
officinalis L. region (Saudi Ara- Magnetized Well magnetization enhanced all vege-
(ornamen- bia) using saline Water (MW) vs. effectively allevi- tative and flowering
tal/flower well water (WW); Well Water (WW) ated the adverse growth parameters
crop) study also included and Tap Water effects of salinityon compared to WW.

soil amendments (TW) controls plant performance, MW significantly
but the authors rec-  reduced Na and Cl
ommended further ion levels in leaves,
validation for food improved mineral
crops nutrient  balance,
and increased plant
survival under
saline conditions

(2) Lettuce (Lac- Greenhouse study Irrigation with  Neutral: MW  The study pri-
tuca sativa cv. focusing on opti- Magnetically showed higher  marily focused
Veronica) mizing water  Treated Water  biometric ~ values on developing a

replacement rates (MW) vs. Conven- (leaf number, fresh  Fuzzy Logic model
(25% to 125% of tional Water (CW), shoot biomass) for predicting
crop evapotranspi- at five irrigation compared to CW  growth responses.
ration - ETc). levels. across differ- Fuzzy model pro-

ent  phenological
stages. Differences
were context-
dependent and
not  consistently
significant  across
all irrigation levels,
resulting in a neu-
tral overall effect on
crop performance.

vided more precise
predictions  than
multiple  polyno-
mial regression.

Continued on next page
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Table 1 continued

G3) Strawberry Irrigation with low-  Irrigation with  Conditional: The MWT increased
(Fragaria x quality  brackish Magnetically combined use marketable yield by
ananassa) water over two con-  Treated Brack- of magnetically  26.7% and water

secutive  growing ish Water (Wj3;) treated  brackish productivity by
seasons compared to Tap water and straw 18.6%  compared
Water (W;) and mulch (W3M,) to untreated brack-
Untreated Brackish is recommended ish water (W,).
Water (W,), com- as a sustainable Soil salinity was
bined with various management prac- reduced by 17.8%
soil mulches tice for safely under MWT. The
utilizing brackish  optimal combi-
water in strawberry  nation (W3M,)
production with 5 t hal
rice straw mulch
produced the high-
est marketable
yield increase
(32.6-40.9%) com-
pared to untreated
water and bare soil
(W, My). Rice straw
was identified as a
viable alternative to

plastic mulch

(34) Common Bean  Cultivation for Irrigation with  Neutral: Magneti- Increased vigor
(Phaseolus vul-  organic agriculture water treated with cally treated water index (100%), leaf
garis L.) using seeds that a magnetic field (MTW) was a area (109%), and

had experienced a (100-150 mT) vs. viable alternative stem length (35%).
loss of viability non-treated water  for improving  Yield component
(control) common bean improved with
performance in a 16% increase
organic farming, in seed weight.

with no negative Physiological

effects  observed enhancements
on plant growth included  higher

despite overall concentrations
effects being classi- of chlorophyll a
fied as neutral (13%), chloro-
phyll b (21%),
and carbohydrates

(26%).

(35) Rice  (Oryza Hydroponic green- Magnetized Water Mixed to Negative: ~ Confirms that
sativa L.) house experiment, (MW), Aerated  Rice showed condi- activated (mag-
& Wheat seedling to early Water (AW), Mag- tional improvement netized/aerated)
(Triticum vegetative stage netized + Aerated in some root traits water effects are
aestivum L.) Water (MAW) under AW and crop-specific and

MW, but wheat not universally
exhibited neutral to  beneficia;, MAW
negative responses, was  particularly
including reduced inhibitory for
leaf area, biomass, wheat growth

and root develop-
ment under AW
and MAW

Table 1 compiles the researches done from 2019 to 2025. A vast number of experiments have continually evidenced that water
changes by magnetization improve plant physiology, nutrient intake, and yield done in the open field, in any environment,
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and with any crop type. Among the studies are the reports of growth and productivity improvements in legumes, cereals,
and vegetables, namely nutrient assimilation and yield in cowpea®, a 9.8% increase of grain yield in maize irrigated with
magnetized wastewater ?®, and 56% taller tomato plants with the fruit weight increased by 64% in an aquaponic system 9.
Results from field trials also showed that magnetic treatment led to chlorophyll content, NPK uptake, and stress tolerance
increase under the use of poor-quality drainage water®®, while the application of magnetized irrigation along with the
biodegradable mulch promoted the photosynthetic efficiency and the fruit yield of tomatoes ?”. Additionally, substantial yield
increase in pepper and tomato were reported as a result of the application of saline and arid conditions, respectively 132, Also,
rice and cotton achieved height, biomass, and photosynthetic rate increment of as much as 30% 7). Magnetized brackish
water was even able to maintain the growth of Haloxylon ammodendron at a level similar to that of freshwater ®”, On the
other hand, MW irrigation improved nutrient uptake, lowered ion toxicity, and elevated photosynthetic activity in Calendula
officinalis, Nicotiana tabacum, and lettuce ®°-3?). Application of Magnetic Water Treatment (MWT) to brackish water (a 14,500
Gauss magnetic field was used for treatment) has led to a significant increase in the productivity of the Strawberry crop. MWT
treatment by itself elevated the marketable yield by around 26.7% on average for the two seasons. The reason for this optimistic
result was even more when MWT was combined with rice straw mulch which led to a synergistic increase in marketable yield
by 32.6% and 40.9% for the two seasons respectively. In addition, MWT had a positive effect on the vegetative growth of the
plant which was reflected in the increased number of leaves, plant height, and chlorophyll content by as much as 21.6%, 14.1%,
and 18.6%, respectively, in comparison to untreated water ¥, Furthermore, the very recent evidence also substantiated the
enhancement of germination and biomass in Phaseolus vulgaris ¥, thus constituting compelling multi-crop proof that the use
of magnetized water is an effective way of plant growth, nutrient assimilation, and water-use efficiency in diversified and difficult
agricultural conditions.

3.1.1. Influence of Magnetized Water on Water Use Efficiency and Irrigation Performance
Magnetized water (MW) has been very effective in improving water use efficiency (WUE) and irrigation in agriculture, thus
its application has been greatly promoted in arid and semi-arid regions, where water is scarce. The published articles indicate
that MW modifies water properties, i.e., water viscosity and surface tension are lowered, while water permeability is increased.
This process mellows the soil infiltration, root-zone moisture retention, and salt leaching efficiency [27, 30, 36, 37, 42]. As
a result of these processes, soil water can be stored in higher volumes (1.58-14.19%) and salt accumulation can be lowered
(0.22-7.66%), thus improving the root-zone and limiting osmotic stress. On the other hand, the MW irrigation elevates root
biomass and increases water uptake efficiency as it is stated in the publications of [6, 27, 35, 41, 43]. Because of this, plants get
access to deeper sources of water, they become drought resistant, and their physiological performance stays stable. In a study of
desert environment with sandy soil and water scarcity, *® examined the effect of Magnetized Water (MW) irrigation on ’Florida
Prince’ Peach (Prunus persica) cultivars. The findings showed that MW had significant increase in soil moisture content in the
root zone from 9.61% (control) to 14.24%. Additionally, MW irrigation was instrumental in increasing both the total yield and
the Water Use Efficiency (WUE) of the crop. Nevertheless, the research revealed that the beneficial influence of the magnetic
treatment on the properties of the irrigation water gradually weakened after a distance of 200 meters from the magnetic device.
Moreover, MW is a potent agent in promoting soil-water—solute balance and chemical remediation, thus irrigation systems
become efficient and productive. The first-hand findings revealed that MW caused the EC of leachate to drop by almost half,
SAR to go down from 16.3 to 13.9, and hydraulic conductivity to be doubled under freshwater conditions, while infiltration
was enhanced by 50% under saline conditions [29, 30, 36, 37]. Such occurrences lead to the stabilization of soil aggregates,
stimulation of nutrient uptake, and the provision of cleaner root zones for water absorption rather than osmotic defense.
Furthermore, the best magnetic field strength (nearly 3000 Gauss) has been pointed out as the most efficient degree for
soil desalination and moisture content maximization®”. Thus, all these results can be synthesized to introduce MW as a
groundbreaking irrigation technique that is capable of water productivity, soil fertility, and crop resilience improvement even
under the toughest environmental conditions.

3.1.2. Impacts of Magnetic Water on Soil Physical and Chemical Properties

Numerous studies as shown in Table 2 reflected that magnetized water (MW) irrigation can enhance soil function by improving
water infiltration, nutrient retention, and salinity control ?®363%49) This is primarily due to magnetic treatment altering water’s
molecular structure—reducing surface tension, modifying hydrogen bonds, and increasing ion solubility- which positively
affects the soil-water—solute interactions

1. Enhancement of Soil Physical Properties
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Irrigating soil with magnetized water (MW) has proven a great deal in improving various soil physical characteristics
such as porosity, permeability, and infiltration rate. For instance, in the production of cowpea and maize where it was
noticed that soil hardness decreased and water distribution was efficient because of the reduced viscosity and surface
tension ?*341_ Further, the experiment evidence showed that magnetized water (MW) makes it easier for the salts to
leach, increases hydraulic conductivity, and improves soil water storage even in deserts and saline soils as in the case of
Haloxylon ammodendron and tomatoes being irrigated with magnetized brackish or drainage water %339 Also, the
mixture of magnetized-ionized water (MIW) along with Bacillus subtilis cotton field capacity was elevated and bulk
density reduced in the case of saline soil, thereby confirming the ability of MW to not only deepen soil structure but also

increase porosity and regulate moisture management efficiently under water quality conditions that are not favorable “%).

Improvement of the Soil Chemical Properties

Irrigation with magnetized water (MW) is instrumental in improving soil chemical properties as the main factors which
get better are nutrient availability, ion mobility, and salinity control. The mechanism by which it does this is by altering
ion hydration and electrostatic interactions, thus decreasing the fixation of nutrients and, at the same time, increasing the
uptake of nutrients by plants ?®31:32), A case in point is the tomato and Calendula officinalis crops which, when irrigated
with MW, show elevated NPK and Fe contents, whereas the Na* and CI" levels are lowered, thus easing the salinity
stress 2821 In the same manner, the implementation of MW leads to a reduction in soil electrical conductivity (EC) and
sodium adsorption ratio (SAR) measures that go down from 16.3 to 13.9 due to the improvement of infiltration and salt
leaching, thus nutrient balance and soil fertility are enhanced >2%3742), When used with sustainable techniques such as
biodegradable mulching, MW, in addition to lowering soil pH and EC, is also responsible for the enrichment of nitrogen,
phosphorus, calcium, and magnesium levels ?7:36:3%,

Along with the advantages that come with the use of magnetized water (MW) in soil chemical operations, MW also stimulates
the production of soil organic matter (SOM) and soil microbial community which are the cornerstones for the biological health
of the soil. Different studies have confirmed that MW method of irrigation is a source of stimulation for enzyme activities,
organic matter mineralization, and microbial respiration, the end results of which are the nutrient cycling promotion and
SOM turnover ®3?), Besides, it invigorates soil aeration as well as microbial diversities, thus, efficient nutrient mineralization
and nitrogen cycling in legume systems are supported ®¥. The biological enhancements brought about in this case are due to
chemical-physical interactions of MW with soil-water that leads to the changes in molecular cluster size and ion mobility thus

lowering the viscosity and increasing the solubility of both salts and nutrients

), Due to this, MW supports the process of

sodium replacement, lessens soil dispersion, and helps soil aggregate stability and porosity to get stronger ®®*”). These impacts
position MW as an innovative and environmentally friendly method for soil structural improvement, fertility maintenance, as
well as overall ecosystem resilience enhancement.

Table 2. Effects of Magnetized Irrigation Water Treatment (MWT) on Soil Physical and Chemical Properties, and Salinity Mitigation for

(2019-2025)

Reference Crop / Species Condition / Con- Treatment Key Findings Remarks / Notes
text (Neutral / Mixed /
Conditional)
© Lettuce  (Lactuca  Greenhouse study Conventional Conditional / Posi- MW reduced soil water
sativa), variety  on Dystric Ferralic ~Water (CW) vs. tivee MW improved tension under 50%
Verénica Nitisol ~ (Rhodic) Magnetically soil water avail- ET,, indicating higher
soil, evaluated over  Treated Water  ability and plant water availability. MW

two 35-day crop
cycles under five
irrigation rates (25,

(MW, 3860 Gauss /
0.386 T) across five
irrigation levels

nutrient uptake,
and allowed com-
parable growth

increased shoot con-
centrations of N and P
(especially at 75-100%

50, 75, 100, and and yield at 75% ET;), and generally
125% ET,) ET, relative to increased Ca, Mg, Cu,
CW at 100% ET,, and Mn. Using MW at
indicating potential ~ 75% ET achieved com-
water savings parable  performance

to CW at 100% ET,,
suggesting up to 25%
irrigation water savings
and improved water use
efficiency

Continued on next page
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Table 2 continued

o) Maize (Corn) Irrigation with  Irrigation with  Neutral:  Magne- The study focused on
treated wastewater — magnetized tized irrigation sig-  improving water and
containing various  wastewater/water nificantly affected soil quality by moni-
heavy metals blends vs. non- electrical conduc- toring heavy metals in

magnetized (con- tivity (EC), soil salt  the soil, demonstrating
trol) content, and heavy that magnetization can
metal distribution  influence soil chem-
across differ- ical properties under
ent soil depths, treated wastewater
but overall crop irrigation
growth effects were
context-dependent

en Processing tomato ~ Arid drip-irrigated ~Combination ~ of Neutral: = Magne- The study concluded
field addressing soil ~ six ~magnetization tized water signif- that magnetically
salinization intensities (0-5000 icantly —improved treated water reshapes

Gs) applied to soil water content, soil water-salt dis-
irrigation = water  enhanced salt  tribution in  arid
and two types of leaching efficiency, environments, con-
biodegradable film and  successfully tributing to improved
mulch redistributed  soil  soil physical conditions
water—salt patterns  for crop production
(8) Tomato (Solanum  alternative use of Combination of Conditional: Mag- Soil chemical prop-
lycopersicum) low-quality — Agri- five irrigation  netic treatment erties improved, with
cultural Drainage mixtures of Fresh applied via iron significantly higher
Water (ADW) Water (FW) and filings significantly NPK content in soil
ADW (100% FW to  mitigated the nega- and leaf tissue under
100% ADW) with tive effects of ADW  MF treatment. MF
Magnetic Field on soil and plant successfully alleviated
(MF) application nutrition, support- the deleterious salin-
using iron filings ing sustainable ity effects associated
(150 kg ha'') vs. crop production with ADW, indicating
non-treated control  under water-scarce  enhanced soil toler-
conditions ance to low-quality
irrigation water

29 Pepper Drip irrigation  Irrigation with  Neutral/Positive: The study focused on
using high saline saline water treated = Magnetic treat-  mitigating soil degra-
water (7.3dS/m)on by two differ- ments reduced dation and salinization
sandy soil ent  magnetizers soil salinity com- risk in an arid envi-

(Magiko and pared to non- ronment; magnetic
Delta-Water) VS. treated water, treatments were par-
non-treated control  though overall crop  ticularly effective in
growth effects were  improving soil con-
context-dependent  ditions under high

salinity

(30) Haloxylon ammod-  Field experiment in  Irrigation with  Conditional: Mitigation of soil salin-

endron seedlings an arid area using Magnetized MBW  effectively  ization was a key goal of
abundant brackish  Brackish Water improved soil salt the study; magnetized
water for irrigation ~ (MBW) vs. Fresh leaching under arid water enhanced the
Water (FW) and and saline irriga- movement and removal
Untreated Brackish  tion conditions of salts, supporting
Water (BW improved soil con-
ditions and seedling
establishment

Continued on next page
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Table 2 continued

(33)

(36)

(42)

(39)

Strawberry  (Fra-
garia X ananassa)

Rice (Nipponbare
seedlings)
None (soil
columns)

None (soil column
system)

Irrigation with
low-quality brack-
ish water over two
growing seasons

Saline-alkaline
stress conditions

Simulation exper-
iment using saline
water (0, 3, and 6
g L'1) under con-
trolled laboratory
conditions with
applied magnetic
forces (0-7000
gauss)

Infiltration  tests
under drip irriga-
tion using brackish
water at different
salinities (0.2, 1, 3,
and 5 g L) with
a fixed magnetic
strength

Magnetically
Treated  Brackish
Water (W3)  vs.

Untreated Brackish
Water (W,), com-
bined with various
soil mulches

Magnetized Water
(MW, 3000 Gauss)
vs. non-magnetized
control

Magnetized Saline

Water (MSW)
subjected to dif-
ferent  magnetic

field intensities vs.
non-magnetized
control

Magnetized Brack-
ish  Water (3000
gauss) Vvs. non-
magnetized control

Neutral/Positive:
MWT significantly
reduced soil salinity
(by 17.8%) and
improved soil
moisture-salinity
distribution com-
pared to untreated
brackish water
Conditional:

MW  significantly
enhanced soil
nitrogen avail-
ability under
saline-alkaline
stress, which was
associated with
improved nitrogen
uptake and plant
growth
Mixed/Conditional:
The most benefi-
cial effects on soil
chemical  proper-
ties occurred at a
specific  magnetic
strength (3000
gauss), particularly
under high salinity
(S), where SAR,
SSP, and CROSS
were minimized

Mixed: Magnetized

water  effectively
reduced soil salt
content with a
strong  desalting

effect, especiallyat 3
g LT salinity, but it
also slowed wetting
front migration and
reduced infiltration
parameters

Results highlight the
synergistic effect of
MWT and mulching in
managing soil moisture
and salt under brack-
ish water irrigation,
supporting sustainable
strawberry production

MW significantly
increased available N,
NO; -N, and NH,*"-
N in the soil. These
increases were posi-
tively correlated with
enhanced N uptake effi-
ciency and improved
seedling growth under
saline—alkaline stress

Magnetic forces
increased soil hydraulic
conductivity (Ks) by
up to 50% at S; and
S. Soil pH decreased
with increasing salinity
regardless of magneti-
zation. MSW generally
improved soil physical
properties,  especially
water movement and
permeability under
saline conditions

MW increased soil
water retention capac-
ity but  decreased
infiltration ~ parame-
ters (Ks-hf, suction
rate, etc.), indicating
altered water move-
ment dynamics. The
study provides a new
approach for utilizing
brackish water and
improving saline-alkali
soils, with trade-offs
between desalination
benefits and infiltration
behavior

Continued on next page

https://www.indjst.org/

3817


https://www.indjst.org/

Agcaoili / Indian Journal of Science and Technology 2025;18(47):3807-3821

Table 2 continued

(40)

(43)

(44)

Cotton (Gossypium
hirsutum L.)

Atriplex nummula-
ria (seedlings)

Superior  seedless
grapevines

Saline soil

Pot experiment in
clay loam soil over
two consecutive
seasons (2021-
2023); irrigation
with saline water
(diluted seawater)
as stress condition

Standard  cultiva-
tion conditions

Magnetized Ionized
Water (M)

100% Nile Water
(control), 25%
SW, 50% SW, 25%
MSW, 50% MSW

Irrigation with
Magnetically
Treated Water

(MW) vs. non-
magnetized control

Mixed/Conditional:
Improved soil bio-
logical quality and
overall soil health
but had no signif-
icant effect on soil
physical properties

Mixed/Conditional:
Magnetized saline
water (MSW)
improved soil
chemical prop-
erties, nutrient
availability, and
plant performance
under saline stress,
with potential for
25-50% water
savings

Positive: MW  sig-
nificantly improved
soil chemical prop-
erties, contributing
to a more favorable
root-zone environ-
ment for grapevine
growth

Soil microbial diversity
increased significantly
(Simpson +17.8%,
Shannon +20.2%). Bulk
density and field capac-
ity were unaffected (p
> 0.05). Residual soil
nutrient content was
lowest, likely due to
enhanced plant nutri-
ent uptake. Overall Soil
Quality Index (SQI)
increased by 0.21 units
(p<0.01)

Soil: MSW  reduced
EC and salinity (up
to 10.22%), lowered
available Na and Cl, and
decreased ESP by up to
79.29%. Lowest soil EC
(1.66 dS m™1) observed
with 50% MSW in sea-
son 2. MSW increased
soil N, P, and micronu-
trients (Fe, Cu, Zn,
Mn) but reduced KT,
Ca2t, Mg2+. Plant
performance: Up to
50% MSW tolerated
without negative effects
on vegetative growth,
biomass, chlorophyll,
or proline content.
Highest total chloro-
phyll under 25% MSW.
Drought  Resistance
Index (DRI) improved
under MSW  treat-
ments. Potential water
savings estimated at
25-50%

Soil analysis showed
decreased pH, electrical
conductivity (EC),
sodium (Na), and
chloride (Cl) concen-
trations under MW.
Beneficial increases
were observed in potas-
sium (K), calcium
(Ca), and magne-
sium (Mg), indicating
improved soil fertility
and reduced salinity
stress
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Table 3. Summary of Research Gaps and Future Directions for Magnetized Water as Irrigation Water (2019-2025)

Thematic  Identified Research Gap Key Implication Recommended Future Research

Area Direction

Magneti- Lack of standardized reporting for Inconsistent outcomes and limited Develop standardized magnetization

zation magnetic field strength, flow rate, comparability protocols and a minimum reporting

Parame- and exposure time framework for irrigation studies

ters

Nutrient Only a limited understanding exists ~ The mechanisms that lead to Conduct detailed studies on ion exchange

Absorp- on how magnetization changes ion ~ enhanced nutrient uptake and use dynamics, root physiology, and nutrient

tion mobility, nutrient solubility, and efficiency, thus resulting in transport under MW treatment using

Efficiency  root membrane transport inconsistent yield responses, are not  isotopic tracing and nutrient balance
processes. well understood. modeling.

Mechanis-  Limited empirical verification of Mechanisms remain hypothetical Pair laboratory spectroscopy with

tic MW’s physicochemical effects field-scale tests to measure persistence and

Under- under field conditions impact of MW properties

standing

Soil-Plant  Incomplete tracing of causal Weak mechanistic basis for Conduct integrated soil-plant-microbe

Process mechanisms from water agronomic benefits analyses to establish causal pathways

Linkages modification to yield response

Temporal ~ Predominance of short-term Unverified sustainability of MW Implement multi-year, multi-site irrigation

Scope greenhouse or single-season trials effects trials tracking both soil and yield dynamics

Water Limited data on MW efficiency Context-specific performance Test MW using varied water chemistries

Quality across different salinity and ion unknown (fresh, saline, wastewater) in controlled

Interac- compositions factorial designs

tions

Soil Scarcity of microbial and Overlooks biological contributions Apply metagenomics and enzyme assays to

Microbi- biochemical data to soil improvement assess microbial response to MW

ology irrigation

Statistical ~ Weak experimental design and Reduces reproducibility and Use rigorous statistical analysis with full

and incomplete data presentation confidence disclosure of replication and variance

Reporting

Standards

Economic  Lack of cost, energy, and Unclear feasibility for large-scale Perform techno-economic and life-cycle

and Envi-  sustainability evaluations adoption assessments across different farm scales

ronmental

Assess-

ment

Modeling  Absence of predictive modeling Limits policy and design Integrate MW parameters into

and incorporating MW parameters recommendations hydrological and agroecosystem

Scaling simulation models

3.1.3. Research Gaps in Studies on Magnetized Water as Irrigation Water (2019-2025)

While magnetically treated water (MW) for irrigation has been the subject of many experimental works for over ten years,
still, there are a lot of unsettled foundational questions behind this phenomenon, which is the reason why a grand number of
challenges regarding scientific validation, technological optimization, and its use at the large-scale field level are encountered
as presented in Table 3. Among the main issues, there is also an absence of standard parameters of magnetization, i.e. magnetic
field strength, flow rate, exposure time, and device configuration (200-7000 Gauss), which impede the comparison of the
results and thereby cause the inconsistency of them ®*#?), Besides, the majority of the proposed mechanisms by which MW
may act—surface tension decrease, change of hydrogen bond network, and ion mobility increase—are only indirectly inferred
from observed phenomena rather than that there is any direct evidence in the field. Next generation experiments should not
only perform spectroscopic measurements but also examine the long-term effects in field trials to ascertain the stability of the
changes induced by MW and their physiological and yield consequences link. Furthermore, experiments ought to consider soil-
plant-microbe interaction, monitor nutrient dynamics and test MW efficacy under various water chemistries (fresh, saline, and

reclaimed) to figure out the best water quality and salinity limit 43,
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The biological, statistical, and ecological facets connected with the usage of magnetized water (MW) for irrigation are still
less understood. While it has been observed in several experiments that microbial activities and enzyme functions get to a
higher level 3%, very few have traced out the exact microbial taxa and even less have quantified their actual contribution to
soil fertility and nutrient cycling, thus implying the urgent need for metagenomic, enzymatic, and 16S rRNA analyses. Besides,
numerous MW trials have been found without sufficient replication, variance analysis, and statistical rigor, thereby making it
difficult to reproduce and verify the results obtained. Hence, further investigations ought to implement strong experimental
designs, facilitate open data for meta-analyses, and also consider the integration of techno-economic and life cycle assessments
to unfold fully MW’s potential as a source of agronomic, environmental, and economic sustainability under varying climatic
conditions.

4 Conclusion

The synthesis of research conducted between 2019 and 2025 clearly demonstrates that magnetized water (MW) holds significant
promise as an innovative and sustainable irrigation technology. Throughout diverse crops, soil types, and environmental
conditions, MW has been found to enhance growth, yield, and physiological performance consistently while improving the
physical and chemical properties of the soil. Its potential for salinity mitigation, increasing nutrient availability, and enhancing
soil microbial activities underline short-term productivity along with long-term soil health. Additionally, MW irrigation
significantly increases water use efficiency through better retention in the soil, improved infiltration, and leaching of salts-all
factors that are key to agriculture in water-scarce and saline environments.

Although these indeed are promising results, some important research gaps still remain to be filled: the standardization of
magnetization parameters and their long-term field validation, and the mechanistic understanding of MW’ effects at molecular
and ecosystem levels. Overcoming these limitations through rigorous, multi and interdisciplinary research will be crucial for
the full exploitation of MW. Magnetized water is a low-cost, environmentally friendly, and scalable method for improving
agricultural sustainability and resilience in the face of changing climate conditions.
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