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Abstract: The results of experiments showed an effect of negative magnetic field on some chemical and physical properties of water.

A slight increase in iron (Fe) content, a decrease in zinc (Zn) level and an increase in surface tension (Dc) were observed in the study.

At the same time the effect of magnetically modified water on an increase in effectiveness of tested zoocides was observed in the

control of the two-spotted spider mite (Tetranychus urticae Koch). A strong and statistically significant increase in the effectiveness of

zoocide Talstar 100 EC was recorded after the application of one and three magnetizers, preparation Omite 30 WP after the applica-

tion of two magnetizers, acaricide Magus 200 SC after the application of one and two magnetizers as well as a simultaneous use of

one magnetizer and two semi-rings. Acaricide Ortus 05 SC showed a marked increase in the effectiveness in all treatments with the

use of magnetically modified water.
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INTRODUCTION

In chemical plant protection water is used as an ex-
tender of most applied plant protection agents. How-
ever, numerous compounds occurring under natural or
artificial conditions affect physico-chemical properties of
both water itself and the spray liquid containing assumed
amounts of plant protection agents. These compounds
may have a negative effect on biological effectiveness of
plant protection agents in the control of pests. Such water
properties include e.g. pH, hardness (minerals dissolved
in water, primarily calcium and magnesium salts) and
suspended organic particles. In order to improve water
quality different chemical compounds and substances as
well as special water treatment facilities are used. Adju-
vants are among agents applied for treatment of water
used in plant protection measures. They are surfactants,
modifying physico-chemical properties of spray liquid
(Praczyk 2001; Woznica et al. 2005). Magnetic activators,
which are used as water treatment facilities, are success-
fully used in power, food, automobile industries and
medicine (Szczypiorski et al. 2001; Kotecka 2005; Worsz-
tynowicz 2005).

Magnetic field generated by a magnetizer causes the
ordering and combining of conglomerates, i.e. clusters of
water molecules, to form larger elements having an in-
creased electric charge, trapping from the environment
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ionized molecules with an opposite charge. The action
of a magnetizer results in a changed concentration of
gases in water. The concentration of oxygen (O,) increas-
es while levels of carbon dioxide (CO,), ozone (O,) and
chlorine (Cl,) are reduced. It also turns out that after each
water magnetization process iron (Fe*) content in water
increases. As a result of the elevated oxygen bivalent this
iron is oxidized to trivalent Fe*. Thanks to this reaction
iron hydroxide Fe(OH),is promptly precipitated. This re-
sults in a situation when iron compounds in magnetized
water have a lesser effect on its total hardness. The action
of the magnetic field also changes the electro-kinetic po-
tential of water, its surface tension and viscosity and con-
tributes to the stabilization of pH. At present few studies
are available on the application of magnetic activators in
agriculture (Rochalska 2002; Podlesny et al. 2003; Kotecka
2005), especially in plant protection (Wachowiak and
Kierzek 2002; Gorski and Wachowiak 2004).

The aim of the study was to determine the effect of
new generation magnetic activators ECOMAG, with
negative polarity, modifying the properties of the spray
liquid, on the effectiveness of selected zoocides in the
control of the two-spotted spider mite (Tetranychus urticae
Koch). Effectiveness of zoocides was evaluated after the
application of water with different magnetization rates.
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MATERIALS AND METHODS

Experiments on the effect of water magnetized with
a negative magnetic field on the effectiveness of selected
zoocides in the control of the two-spotted spider mite
(T. urticae) were conducted in 2006 and 2007 at the De-
partment of Plant Protection Methods, the Poznan Uni-
versity of Life Sciences.

Tested plant protection agents were applied at mini-
mum doses (Table 1). The minimum dose was considered
to be such an amount of the preparation which killed ap-
prox. 50% specimens in the analyzed two-spotted spider
mite population. The minimum dose was determined ex-
perimentally, by gradually reducing recommended doses.

Water for the experiments was taken from the wa-
ter supply system, on which magnetic activators with
a negative polarity ECOMAG by Akra (Warsaw, Poland)
were installed in the following treatments: one, two, three
magnetizers (each magnetizer consisting of a magnetic
semi-ring with magnets mounted inside) or one magne-
tizer and additionally one ring made from the treatment
of two magnetic semi-rings of single magnetizers. In the
control treatment no magnetizers were applied and ordi-
nary tap water was used to prepare spray liquid.

Experiments were conducted under laboratory condi-
tions on plants of bean cv. Pigkny Ja$ cultivated in con-
tainers. Two-spotted spider mites were transferred onto
plants at the two-leaf stage. Bean leaves with feeding pests,

Table 1. Zoocides and their doses applied in the study

selected for testing, after several days were immersed for
3s in a prepared solution of zoocides, containing mag-
netized water with different magnetization rates. Leaves
covered with the preparation solution were placed onto
glass plates lined with moistened filter paper. To provide
accurate determination of the number of pests, plastic
plates with openings of 3cm in diameter were placed
on leaf surface. Two-spotted red spider mite specimens
were counted in the plate openings using a binocular. Af-
ter counting was completed, plastic plates with openings
were covered with glass plates so that the glass covered
tightly all openings. The glass plate constituted a physical
barrier preventing mite migration.

Each treatment was performed in five replications. Ef-
fectiveness of tested zoocides was determined using the
Henderson-Tilton formula, based on the number of pest
specimens found before and 24 h after treatment.

During the study physical parameters and pH of wa-
ter used in the experiments were measured at the Depart-
ment of Plant Protection Methods, the Poznan University
of Life Sciences. Surface tension (Dc) of spray liquids was
measured by tensiometry. Tested liquid was poured into
a weighing bottle and placed on a pan of a tensiometer
equipped with an electronic system for the replication of
the assumed number of tests and display of results. After
preliminary calibration of the device results were given
in mNm". Measurements were taken at an identical tem-
perature (20°C) in 3 replications.

No. Name of zoocide Ac.tive substapce recomm.ended fiosg perone | Minimal .dose ap.pli.ed per
and its content in g/1 litre of liquid one litre of liquid

1 Magus 200 SC Fenazaquin-200g 0.06ml 0.015ml

2. Omite 30 WP Propargite —-300g 1.00g 0.500g

3. Ortus 05 SC Fenpyroximate —50g 1.60ml 0.400ml

4 Talstar 100 EC Bifenthrin — 100 g 0.25ml 0.125ml

Electrolytic conductivity (EC) was measured using

conductometry with a CX 732 universal computer device RESULTS AND DISCUSSION

type EPS — 2ZE by Eurosensor and a temperature probe.
Readings were taken 3 min after sample preparation and
results were presented for 25°C. Measurements were tak-
en in three replications and results were given in mS.

Reaction was measured using a CX 732 universal
computer device, coupled with a combination electrode
by Hydromet and a temperature sensor. Results were re-
ferred to the temperature of 25°C. Analyses of pH were
performed in 5 replications, with 3 measurements being
used in statistical analysis, and the minimum and maxi-
mum values were always rejected. Statistical analysis was
performed on using the obtained results.

Results of pH, electric conductivity (EC) and surface
tension (Dc) were subjected to statistical analysis using
t-Student’s test at the significance level p=0.05.

A detailed chemical analysis of tested water treat-
ments was performed at the Department of Horticultural
Plant Nutrition, the Poznani University of Life Sciences
in Poznan, in order to determine contents of macro- and
microelements and water hardness. Results are presented
in table 2.

As it was reported by Chibowski et al. (2003), magnet-
ic activation of water may result in changes in its chemical
properties. Also in this study chemical analysis of tested
treatment of water with different magnetization rates
showed the effect of magnetic field on selected chemi-
cal properties of water (Table 2). A slight increase in iron
(Fe) and a decrease in zinc (Zn) contents were recorded.
A higher iron concentration in water subjected to mag-
netic activation was also reported by Szczypiorowski et
al. (2001).

Reactions taking place in magnetized water may affect
chemical processes occurring in spray liquid containing
different plant protection agents. Chemical composition
of the plant protection agent and contents of adjuvants
included in its formulation may be modified by treated
water and as a consequence influence biological effective-
ness of the preparation in pest control. Moreover, the time
between the preparation of spray liquid and its applica-
tion, as well as meteorological conditions may also have
a multisided effect on chemical processes taking place in
the sprayer tank.
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Table 2. Effect of water magnetization on its chemical and physical properties

Experimental object
No- one magnetizer | two magnetizers | three magnetizers Ontewn;asiﬁ;ffggasnd control
Macro- and microelements in mg/1
1. N-NO, trace element trace element trace element trace element trace element
2. N-NH, 0.300 trace element trace element 0.300 0.300
3. P-PO, 0.700 0.700 0.700 0.700 0.700
4. K 4.400 4.300 4.300 4.300 4.400
5. Ca 67.800 70.300 68.000 66.400 69.700
6. Mg 18.200 18.700 18.400 18.300 18.800
7. Na 26.000 26.000 25.800 26.000 26.100
8. Cl 31.500 31.700 31.400 30.900 31.900
9. S-SO, 52.100 51.900 52.000 51.300 52.300
10. Fe 0.009 0.023 0.030 0.033 0.014
11. Mn 0.019 0.015 0.022 0.019 0.016
12. Zn 0.015 0.014 0.011 0.011 0.020
13. B 0.012 0.011 0.013 0.012 0.011
14. Cu trace element trace element trace element trace element trace element
15. HCO, 231.200 235.500 229.900 230.600 233.600
Hardness in °dH
16. Hardness Ca 9.500 9.800 9.500 9.300 9.800
17. Hardness Mg 4.200 4.300 4.300 4.200 4.400
18. pH 7.3900 a 7.4000 a 7.4100 a 7.4100 a 7.3900 a
Physical properties

19. EC* 0.5910 a 0.5920 a 0.5916 a 0.5907 a 0.5944 a
20. Dc** 72.5600 ab 724100 a 72.8500 b 73.3700 ¢ 72.3000 a

* EC — electric conductivity (mS)
** Dc - surface tension (mNm™)

Mean values marked with the same letter do not differ at the significance level p = 0.05 according to t-Student’s test

Table 3. Effect of magnetized water on the effectiveness of zoocides in the control of two-spotted spider mite (Tetranychus urticae

Koch)
. . Mean effectiveness of zoocides in percentage
No. Experimental object -
Talstar 100 EC Omite 30 WP Magus 200 SC Ortus 05 SC
1. One magnetizer 68.96 ¢ 58.16 ab 82.36 bc 76.26b
2. Two magnetizers 51.83b 71.80 b 76.60 b 87.20 bc
3. Three magnetizers 65.06 ¢ 58.43 ab 58.36 ab 85.13 be
4. One magnetizer and two semi-rings 54.40b 59.56 ab 83.80 ¢ 97.46 c
5. Control 41.63 a 43.56 a 46.30 a 55.26 a

Mean values marked with the same letter do not differ at the significance level p = 0.05 according to t-Student’s test

No significant effect of magnetic field on changes in
water pH and electrolytic conductivity (EC) was found
in the conducted experiments. In contrast, magnetic
treatment of water was observed to influence the value
of surface tension (Dc). The biggest and at the same time
statistically significant increase of surface tension was ob-
served in the treatment with strongly magnetized water,
i.e. that magnetized with one magnetizer and addition-
ally two semi-rings. A significant increase in surface ten-
sion was also found in the treatment with three magnetiz-
ers. In agricultural practice increased surface tension of
spray liquid used in plant protection is not desirable and
— depending on the used spraying equipment — it most
frequently leads to the deteriorated coverage of plant sur-
faces with spray liquid (Wachowiak and Kierzek 2003).

Results presented in table 3 indicate an effect of mag-
netized water used to dilute plant protection agents on
their effectiveness. After the application of water magne-
tized using magnetic activators by ECOMAG generating
a negative field, the efficiency of all tested zoocides in the
control of two-spotted spider mite (T. urticae) was found
to increase. A strong and at the same time statistically
significant increase was observed for the effectiveness of
zoocide Talstar 100 EC after the application of one and
three magnetizers, Omite 30 WP after the application of
two magnetizers, acaricide Magus 200 SC after the ap-
plication of one and two magnetizers, and one magne-
tizer together with two semi-rings. Acaricide Ortus 05
SC showed a marked increase in the effectiveness for all
treatments with the use of magnetically modified water.



90 Journal of Plant Protection Research 49 (1), 2009

In the conducted experiments a higher effectiveness
was found for tested plant protection agents in the con-
trol of the two-spotted spider mite in comparison to ear-
lier results reported by Gorski and Wachowiak (2004). It
should to be mentioned here that Goérski and Wachowiak
(2004) in their experiments applied identical preparations
as it was done in the present study. Differences in results
may be a consequence of a different polarity of applied
magnetizers.

The effect of magnetized water used to prepare spray
liquid on the effectiveness of plant protection agents was
also observed by Wachowiak and Kierzek (2002). These
authors reported an increased effectiveness of selected
fungicides in the control of phytophthora fungus [Phy-
tophtora infestans (Mont.) de Bary] found on potato, af-
ter the application of these fungicides diluted in water
subjected to the action of a magnetic field generated by
a MULTIMAG magnetic activator.

CONCLUSIONS

1. Magnetization of water with a strong magnetic field
with a negative polarity using ECOMAG magnetizers
did not cause significant changes in the chemical com-
position of water. Slight changes were only observed
in contents of iron (Fe) and zinc (Zn).

2. Magnetic modification of water did not cause changes
in its pH and electrolytic conductivity (EC). However,
it resulted in a slight increase in surface tension (Dc).

3. A negative magnetic field generated by an ECOMAG
magnetic activator had an advantageous effect on
the effectiveness of plant protection agents. It was
found that water subjected to magnetic modification
resulted in an increased effectiveness of zoocides:
Magus 200 SC; Omite 30 WP; Ortus 05 SC and Talstar
100 EC in the control of the two-spotted spider mite
(T. urticae).
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POLISH SUMMARY

WPLYW NAMAGNETYZOWANEJ WODY
UJEMNYM POLEM MAGNETYCZNYM NA
SKUTECZNOSC DZIALANIA WYBRANYCH
ZOOCYDOW W ZWALCZANIU PRZEDZIORKA
CHMIELOWCA (TETRANYCHUS URTICAE KOCH)

Badania nad wplywem wody namagnetyzowanej
ujemnym polem magnetycznym na skutecznos$¢ dzia-
fania wybranych zoocydéw w zwalczaniu przedziorka
chmielowca (Tetranychus urticae Koch) przeprowadzono
w latach 2006 i 2007, w Katedrze Metod Ochrony Roslin
Uniwersytetu Przyrodniczego w Poznaniu.

Testowane $rodki ochrony roslin stosowano w daw-
kach minimalnych. Za dawke minimalna uznano taka
ilod¢ preparatu, ktéra spowodowata $miertelnos¢ okoto
50% osobnikéw badanej populacji przedziorka chmie-
lowca. Dawke minimalng wyznaczono doswiadczalnie,
stopniowo obnizajac dawki zalecane. Do doswiadczen
stosowano wode pobierang z instalacji wodociggowej, na
ktérej zamontowano aktywatory magnetyczne o ujemnej
biegunowosci, typu ECOMAG firmy ,, Akra” z Warszawy,
w kombinacjach: jeden, dwa, trzy magnetyzery (kazdy
magnetyzer zbudowany jest z pdétpierscienia magnetycz-
nego z umieszczonymi wewnatrz magnesami) lub jeden
magnetyzer i dodatkowo pierscienn powstaly z potacze-
nia dwoch poétpierscieni magnetycznych pojedynczych
magnetyzeréw. W kombinacji kontrolnej nie stosowano
magnetyzeréw, a do sporzadzania cieczy uzytkowej uzy-
wano zwyklej wody wodociaggowe;.

Wybrane do testéw liscie fasoli odmiany , Piekny Jas”
z zerujacym przedziorkiem chmielowcem zanurzano na
3 sekundy w przygotowanym roztworze $rodka ochro-
ny roslin rozcienczonego w wodzie poddanej aktywacji
magnetycznej, a nastepnie umieszczono je na szklanych
ptytkach wylozonych zwilzona bibutg filtracyjna. Smier-
telno$¢ szkodnika okre$lono po uptywie 24 godzin od
momentu naniesienia preparatu.

Przeprowadzona analiza wody o réznym stopniu
namagnetyzowania wykazata wptyw pola magnetycz-
nego na jej niektdre wlasciwosci chemiczne i fizyczne.
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Zauwazono bowiem niewielki wzrost zawartosci zelaza
(Fe), spadek ilosci cynku (Zn) oraz wzrost napiecia po-
wierzchniowego (Dc).

W prowadzonych badaniach stwierdzono wplyw
wody poddanej modyfikacji magnetycznejna wzrost sku-
tecznosci dziatania testowanych zoocydéw w zwalczaniu
przedziorka chmielowca (T. urticae). Silny i zarazem sta-
tystycznie istotny wzrost efektywnosci zoocydu Talstar

100 EC zanotowano po zastosowaniu jednego i trzech
magnetyzeréw, preparatu Omite 30 WP po uzyciu dwdch
magnetyzerdw, akarycydu Magus 200 SC po zastosowa-
niu jednego i dwdch magnetyzeréw oraz jednego magne-
tyzeraijednoczesnie dwoch pdtpierscieni. Preparat Ortus
050 SC wykazywal zdecydowany wzrost skutecznosci
dzialania we wszystkich kombinacjach z zastosowaniem
wody poddanej modyfikacji magnetyczne;j.






