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A Study of

The Effect of Irrigation with Magnetically Treated
Water on the Translocation of Minerals in the Soil

as provided by Rami Noran*, Uri Shani**, Israe] Ljn#*:

SR acnetically Treated Water (MTW) is water passed through a magnetic fieid beforg being used. Applications
of MTW are abundant in industry, where it is used to prevent scaling on the inner walls of pipes conveving fluids.
especially water. In recent years scientists investigating the subject have concluded that the magnetic field interacts
with the surface charged of particles in the fluid solutions affecting the crystallization and precipitation of the sojids i
them. These processes are of significant effect on the translocation of minerals in irrigated soil.

In this work the contents of K, N. P, Na, and Ca+Mg as well as the total minz:ul content in MTW are irrigaed
with ordinary water. The soil was sampled at three different Iocations at three different distunces from the dripper line,
representing three different leaching states of the soil. Differences in concentrations were found in at least one of the
three Jocations with respect to each mineral and including the total mineral content. Most of the differences appeared in
the less leached parts of the soil, in the bed margin. It appears that there js a general tendency of minerais 10 precipitage
out of the solution faster in MTW c¢onditions.

*) The Instituie of Evolution, University of Haifa; Haifa 32199, Israel;
w “Aravah” Research Station, Yotvata: Mobile Post Office Ayaloth District 88820, Istael;

#m%y  Department of Mineral Engineering, Technician - Israel
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For many years now rescarch has been car-
ricd on showing the effects of magnetic
fields on growth processes and the devel-
opment of plant tissues (Tolomei 1893,
Ssawastin 1930, Audus 1960, Dubinskaya
1973, Pittman et al, 1979, Dayat & Singb
1986]. Such research as a rule involved
the exposure of an entire plant to an exter-
nal magneric field {Sheppard & Eizenbud
1977, McLeod et al. 1997}, induction of a
magnetic field in the soil surmounding the
plant’s root sysiem [Vodianitskii 1974,
Vodianitskii & Lunkova 1976], or imriga-
tion with water that had underzone mag-
netic ireaiment before being introduced
into the soil [Volkonskii et al. 1978, Lin &
Yotvat 1990, Moran et al. 1992, 1993].

Magnetically treated water
(MTW) is water subjected to treatmnent in
and by a magnetic field. Forirrigation pur-
poses this means water that had passed
appararus containing a penmnanent magnat.
The use of MTW {5 common in various
branches of industry as a precaution against
the accumulation of scale in the water sup-
ply sysiem, in cooling towers, and in ther-
mal and solar heating instalations [Lin &
Yotvat 1983, 1990].

Much work has been done in this
conpection, dealing with such minerals as
calcium carbonate, phosphorus carbonate,
barium sulfate, zinc phosphate, and <al-
cium oxalate. For example, laboratory
tests in a certain heating system fed with
MTW established that a deposit of 0.1 gr
of caleium carbonate had formed, as com-
parcd with 40 gr accumulated in a sysiem
using untreated water. Tests made in five
different hwmidity maintenance systems
showed that the rreamment prolonged their
service life from 1000-1500 hours 10 over
2200 hours, the observation being called
off afier that [Donaldsen 1990].

There is another system for mag-
netie water treatrment, which does not in-
volve the use of an external field. Water is
made to flow through a maze made of a
proprietary alloy apparams that is called
Catalytic Alloy Conditioner. [Institute of
Tachnology; Haifa 32000, Israel. {R}]. Its
principles of operation are discussed in
[Kim 1987].

In work done in recent years at
the laboratory of Professor Donaldson, De-
partment of Chemistry, Brunel University,
London, and dealing with the effects of a
magnetic field on liquids, the scientists
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(Figure 1) Schematic reprasentation of the experimental plot. The gketch

shows the locations of the samplings, (A), (B), and (C), distanced 5 cm, 40
cm, and 60 cm, respectively, from the dripperline. The boundary of the “wet
spot” (the wetting front) is 50 cm away from the line.

came to the conclusion that the principal
activity consists in the interaction between
the magnetic field and the surface charpes
of particles in the liquid. According to
these findings the fieid can react with a
wide variety of particles: Ions. polar mol-
ecules, ion pairs, free radicats. crystalline
erystallization nuelei. and suspensions with
a surface charge.

There are two kinds of reaction:
(1) Direct reactions with the charged par-
ticle and (2) magneto-kinetic modifications
(influence of the magnetic field on certain
energy levels of the molecule). As a result
of these reactions the bebhavior of the par-
ricles changes in the area of erysiallization
and precipitation of the solutes in the sol-
vent, The changes taking place were mea-
sured in 2 number of respects: The size of
the crystallizing particles. their shape, the
quantitative relationships between the dif-
ferent crystalline shapes, crystallization
processes, the solubility of the mineral, and
the rate of precipitation. In ail these re-
spects the influence of the magnetic treat-
ment of the liquid was revealed, and as a
result of these findings the main research
cffort is now focused on the study of the
modification of the erystallization pro-
cesses and the vadous scientific and com-
mercial aspects connected therewith
[Donaidson 1990].

The mechanism of MTW activ-
ity in the soil is as yct unclear. There is a

y possibility that the effect is physical,
through a change in the solvent capacity
of the water; an increase in that capacity
‘may be the explanation of the differences,
detectad while examining the soluble frac-
tiofl of the soil, between ordinary water and

z MTW. These differences varied between

30% and 300% [Harrary, M. & Lin 1989],
There is a conjecture that the water has a
direct effect on physiological processes in
the plant cells. and it is possibie that the
reactions of the plant are of secondary im-
portance. the direct influence being con-
centrated mainly on the composition or the
rmineral structure of the soil.

The movement of water during
drip irrigation caused a “wet spot” on the
soi] surface on both sides of the dnipper
line. The salt concentration in the soil
change as a result of the salts’ being dis-
solved and washed away by the irmgation
water, the movement of the salts in the soil
comresponding to the route of progress of
the wetting front of the water, This move-
ment starts at the dripper line, which is sit-
ated at the enter of the bed, and ends at the
borderline of the wet spot on hoth sides of
the line. The direction of the movement is
perpendicular to that of the line. At the
end of irrigation the wetring profile in the
soil assumes the shape of ap onion (the
“wetting onion™) the salt content of which
being so divided that the lowest concenira-
ktion is found next to the dripper and the high-
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near the borderline of the wet spot
resler 1975].

The aim of the present work was
ta clarify the influence of magnetic water
treatmetit on the movement of the salts in
the field drip-irrigated with MTW and to
determine if the distwibuton profile of the
minerals dissolved in the MTW-irrigated
area differs from that in the control area,
which was brigated with untreated water,

Materials and Methods

Location: The investigation was carried
out on an experimental plot of land, which
formed part of a field of fall metons grown
organically at Kibutz Yotvata. The area had
not been worked for three years before the

expetiment.
Leaching the soil: The melon field con-

taining the experimental plot was regularly
irrigated, an evaporation coefficient of 1.0
being taken into account. A dripper line
dispensing 2.3 1/hr per dripper and with
drippers spaced at intervals of 40 cm was
laid along the enter line of each bed in a
gropve 5-8 cm deep, One week after the
start of irrigation the magnetic treatment of
the irrization water was started on the plots
assigned to such weatment. The treated
and the control beds were adjacent 10 each
other and located in close proximity to the
outlet cock,

Magneticaflv treated water: The magnetic
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tretment was administered by passing the
imgation water through = metal pipe con-
tzining a magnetic apparatus called
“Agrimag” made by “Elir”™, recommended
to operate at a throughput of 0.9 m3/hr.
The magnetic trcatiment apparatus was set
up close to the water outdet of the main line.

Fertilization: The experiment was opera-
vonally connected with the organic melon

plot. and no minerat fertilizer was added. A
guano solution of varying concentrations
was occasionally applied.

Sojl wetpess; The “wet spot” - the bound-

ary of the sqil wetness as discernible by
visual inspection of the soil surface - at-
tained 50 cm on either side of the dripper.
Examinations made at two-week intervals
established that the amounts of water sup-
plied by the two dripper lines were equal.
One week before the end of the experiment
the water content of the s0il was measured,
repeated 4 umes, at a distance of 30 cm
from the dripper and a depth of 30 em. The
results were not significantly different:
86.5 + or- .3 % humidity int the MTW plot
against 85.8+or-.0% in the control piot,

ol li testing mineral concen-
tration; In drip imrigation the water move-
ment and mineral leaching profile in the soil
is in the shape of a half-ellipse or “onion™
[Mostaghimi & Mitchell 1974, Kaul &
Michael 1975, Bresler 1983]. The salt con-
tent of the “wetting onion™ i so distrib-

fig. 2 CONCENTRATION NEAR DRIFPER
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Accordingly, sampling points were set at
three distances: .

(A) Inside the “wet spot”, close to the dripper
line;

(B) Inside the “wet spot”, close to its boundary;
{C) Quiside the “wet spot”, but close 10 its
boundary.

It is impartant to stress that while point (A)
is in the area most highty leached of min-
erals, points (B) and (C) are in the area
where the minerals settle, in other words
the arca of higher concentration of the
leached minerals (Bresler 1973). By
means of points (A), (B), and (C) in Fig-
ure | These two different areas can be de-

fined in terms of the extent of leaching they -

have undergone:

1. Ares {(A-B) {(Between (A)and (B)) was
the most highly leached, because the water passed
through it and the wetting fromt moved across it
throughout al} the irtigation cveles.

2. Aren (B-C) {Between (B) and (C})) was
iess leached than the above. beciuse the water
passed through it and the wering front moved
across it for only part of the irmigaton cycles.

Soil sappling: Soil specimens were taken
after 28 days of irrigation with MTW. The

sampling, from a depth of 20 cm. was re-
peated four times at a distance of from 8
m o 10 m from the end of the plot. The
specimens, in paper bags, were dried in a
ventilated storeroom and then taken to the
Field Service Laboratory at Hadera.

Statistice: The confidence level of the dif-
ferences in the results was examined by the
test.

Conceniration of salts in the soil at
sampling location (A), the outlet of
irrigation water from the dripper (the
center of the “wetting onion”) ac-
cording to the data in Table 1, col-
umn A (see alsc Figure 1). No dif-
ference was found between tha
MTW-irrigated plot and control, as
ragards both overall electric con-
ductivity and the specific concentra-
tions of N, K, and Na. Only the re-
sults with respect to P and Ca+Mg
ditfer in this connection. See text.
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plots: The boun f the “wet spot”
was 30 cm distaot from the dripper line.
Soil samples were taken at points (A), (B),
and (C) after 28 days of irrigation in order
1o measure the overall concentration of
sohztes and the conesnirations of the salts
of K, P, N, Na, and Ca-Mg at different dis-
rances from the dripper line (see Figure |
and the Section, “Materials and Meth-
ods). The diffcrences observed berween
the MTW-Irmigated and the control beds
reached, at certain points, a coafidence
lavel of between 90% and 99% (Table 1).

The mineral concentrations in the soil

close to the dripper line as listed in Table -

MAGHETIZER

1 are illustrated in Figure 2, Near the line
the s0il is leached to & higher degree than
algewhere within the confines of the “wet-
ting onion™ [Bresler 1575}, and clear dif-
ferences in salt concentrations between the
MTW-irmigated and the control beds were
found onty with respect to the divalent
ions and phosphorus (Figure 2, Table 1).

{For definiticns of the zones sae the Sec-
tion, “Materials and Methods™,

1. Thecompletely ltached zone, be-
tween points (A) and (B), which define the
A-B zone. A fallin concenumions typical
of the “weting onjon” [Bresler 19757 is ob-
served, with no significant difference be-
tween the MTW-irrigated and the control

PAGE B4

beds (Tabie 13,

2. The paially leached Zope, be-
tween points (B) and (C), which define the
B-C zone. The translocation of salts in the
less leached zome is shown in Figure 3, pre-
pared on the strength of the data in Table 1,

As distinet from the A-B zones,
there are differences berween the B-C
zones of the two plots: in the one irrigated
with MTW a common ard characteristic
profile indicates a drip in salt concentra-
tions from Poing B 1o Point C (Figure 3b),
whereas in the control beds there is no com-
mon and characteristic profile (with regard
to some of the galts there is a tendency 1o
arse in salt concentrations from Point B to
Point  (Figure 3a).

(A) (B) (©)
DISTANCE FROM DRIPPER-LINE: Sem 40cm 60em
TREATMENT: Conrol MTW Control MTW Conmo] MTW
EC (mmho/cm) 33 47 55 109 101 83c| Jable 1: Electric Conductance
05 035 0.3 03 18 1.0 and Minerai Concentrations in
- t il ion at Differsl is-
Na (Meg/1) 166 169 450 555 45 19g | heSoilSolution at Diffe nt[I_:_) ®
10 19 50 51 128 14 tances from the Dl‘lppef‘ ine
(Average and standard deviation
CarMg  (Mea/1) NG 56.4a 730 744 92.2  6270| of 4 rapeats of each test)
68 623 14.9 19 126 14.2 ‘
K (Megf1) 1.2 13 120 9.7 56  Bac
0.1 ol 0.5 1.9 08 2.3
N[NO3] (p.p.m.) 6 40 34 153b 195 138
1105 13 52 65 16 | 2° P<00]
b- 0.0l =P =005
P [Qlsen] (p.p.m.) 118.9 239.0a 1233 195.8b 711 1173 ¢ - 0.05<F <010
139 174 515 284 200 265

Discussion

The aim of this work was 10 clucidate the
influence of magnetic water treatment on
the movement of salts in the soil. During
drip irrigation the movement of the water
perpendicularly to the dripper line cattses
& “wet spor” on the soil surface on both
sides of the line [Bresler 1975]. Acting on
the assumption that the magnetic fieid af-
fects the particles in the solution
[Donaldson 1990], the possibility was in-
vestigated that the field alters the intemac-
tion of the solutes with the water and the

s0il, and as a result the concentrations of
the mingrals in the s0il of the plot imigated
with magnetically treated water (MTW) at
given distances frotm thedripper line differ
from those in the control plot.
h i nee

_irri -
trol. The examination of the overall solute
concentrations and the concenirations of
specific salts (potassium, phosphorus, ni-
trogen, sodiam, and calcium + magnesiym)
produced results that support the basic as-
sumption that irrigation with MTW affects

the movement of salts in the soil: With
raspect to all the salts and at different dis-
iances from the dripper line diffarences
were found between the MTW-irrigated and
the control piot at confidence levels of be-
tween 90% and 99% (Table 1).

In Area B-C the analysis of the movement
of salts in the soil within the limits of the
“wet spot” showed clear differences be-
tween the MTW-treared plot and control

continued on pg. 26
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,
fom the point inside the “wet spot” to the
point ontside it (Figure 3b), whereas in

/ the control plot there is po such commot

and characteristic profile. Moreover, an op-
posite tendency is discernible in some of
the salts - viz. a tendency to a rise in salt
concantration from the point within to that
outside the “wet spot” (Figure 3a).

The fact that the differencas were
found in the B-C area (Figure 1, the area
subjected to partial leaching), and not in
the compietely leached Area A-B, (Figure
3) can be explaiped by the latter area’s salt
leaching having reached the highest, final
stage, both ot the MTW-irrigated plot and
on the control. At that stage it is already
difficult to detect any differences,

Caleium and magnesium salts. Close to

fig. 3a LEACH - (B-C} ZONE,

(Expressed as % of B)
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the dripper kine (at paint A) there is a
noticeably higher concentration of the di-
valent ions, (Ca+Mg), in the plow imi-
gated with MTW as compared with the
control plots (Figure 2). This result fits in
well with the known phenomencn of the
effect of MTW on the prevention of cal-
cium salt accumulation (“scale™) in the
pipes of indusirial systems, explained by
the fact that the passage of water through
magnetic and similar apparatus causes cal-
ciam salts to create, under the influence of
the said treatment, relatively large crystals
which sink casily, compared with the slow
crystallization and precipitation of these
salts in untreated water [Kim 1987].

The chapges jn phosphorus concentra-
tions in the soil. Already in close proxim-
ity of the dripper line the great difference

CONTROL
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in the concentrations of this mineral in the
MTW-irrigated and the control plots in evi-
dent {Table I, Figure 2). The data point to
the particularly high solubility of phos-
phate under the influence of the magnetic
treatment, conforming to the findings of
wotk carried out in connection with zine
phosphate at the laboratory of Prof.
Donaldson of Brunel University: Experi-
ments run in the laboratory, and data sup-
plied by industry, m showed the clear in-
fluence of the magnetic Teatment on the
increase in solubility (or in the level of
concentration in supersaturation) of zing
phosphate. As regards calcium phosphate
they show an increase of 50% in the disso-
Jution capacity after 24 hours of magnetic
meatment and a fivefold increase after 120
hours [Donaldson 1990].

fig. 3b LEACH - (B-C) ZONE, MTW

(Expressed as % of B)

140

EC

4D 40
| | I I | |
40 45 ) &0 40 45 50 55 &0
Distance from Drip Line (cm) Distance from Drip Line (em)
EIGURE 3: The change in sgalt concentrations In the soil in the 3a: Untreated. water

partal-leaching area {B-C) at diffarent distances from the dripper

{sme Figure 1).
centration at Point (B). -

The results are quoted as porcontages of the con-

Conclusions

3b: Magnetically treated water

The results of this work confirm the assurmption that as a result of the influence of a magnetic field on solutes [Donaidson 1990} the
interaction between soil particles and salts dissolved in ordinary water does not resemble the interaction between the soil partiles and
the salts dissolved in magneticaily treatcd water (MTW). Tt appears that, generally speaking, magnetic reatment of the water slows
down the movement of the minerals, perhaps due to the effect of MTW -+ speeding wp crystallization and precipitation processes of
the solute minerals. That effact is clearly discernible when flushing is not yet complete (Figure 3).

What is still required is an investigation of the kinetics of the mincral movement in the soil during irrigation in order to study the
dependence of the distribution profile of different minerals on the quantity of water introduced into the soil. It is worthwhile to clarify
the specific effect of imgation with MTW on gach mineral separately. The results obtained in the present work with respect to
phosphorus, and other works showing the effect of the magnetic field on the solubility of phosphorus salts [Donaldson 1990], are an
indication of the interest that artaches o the study of phosphate behavior in MTW-irrigated soil.
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