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Background: Though the magnetic field action on biological object is proved now by many experiments
it cannot be explained. The counterarguments are the small value of magnetic induction, that is effective
for static magnetic field and the small value of ions free path length for ion cyclotron resonance presence.
Objectives of the article were to generalize all the results that had been obtained before in static,
alternative and combined magnetic fields and to explain all results by one and the same primary physical
mechanism.

Materials and methods that were used to obtain experimental results were based on the using of well
reproducible magnetic conditions. For this purpose 3 lays p-metal shield and superconductive shield with
warm volume were used. The artificial magnetic field was created in the shield. The objects of the
investigation were roots of cress, maize and pea. Their gravitropic reaction was studied.

Results and discussion: All experimental results were compared with the theories and calculations maid
before and following from the three mechanisms proposed below.

It was shown that there were three physical primary mechanisms that could lead to effect of low
frequency alternative and combined magnetic fields and permanent magnetic field on gravitropic reaction
in plants. All of them depended on the relative location of roots, gravity and components of permanent
and alternative magnetic fields between themselves. The first mechanism is based on the classic model of
the rotation of ions in the plane that is perpendicular to the magnetic field direction or precession of
magnetic moments round the direction of magnetic field vector. The second mechanism is connected with
the piezoelectric properties of starch grain (porous piezoelectricity). This property of starch may create
the change in the moving of starch grains in alternative and combined magnetic fields, and even in static
one. The third mechanism is caused by the phase transition in water created by weak combined or
alternative magnetic fields.

Conclusions: The comparison of effects of these three mechanisms between themselves allowed
choosing the most possible one. It was shown that the first mechanism was preferred. Only the first
mechanism can explain the dependence of observed effects on magnetic field direction.

KEY WORDS: combined magnetic field; alternative magnetic field; permanent magnetic field; cyclotron
frequency of ion; starch grains; piezoelectricity; hydronium; free path of ion.

MNEPBUYHBIA ®U3NYECKUI MEXAHU3M I[EﬁCTBHH PA3JIMYHBIX MATHUTHBIX
IOJIEI HA KOPHU HEKOTOPBIX PACTEHUI
H.B. ]Jleiimmal, H.M. BoraTuna®
' Hayuonanvuwiii Gapmayesmuuecxuil ynugepcumem, ya. Iywxunckas 53, 61002, Xapovkos, Ykpauna
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AKTyanbHOCTB. JleificTBHe MarHWTHBIX TMOJiell Ha OHOJOTHYecKHEe OOBEKTHl B HACTOSIIEE BpEMs
JIOKa3aHO MHOXECTBOM 3KCIIEPUMEHTOB, OJHAKO €IMHOTO (M3MYECKOTO0 MEXaHW3Ma, OOBICHSIOLIETo
MarHuTHele A(¢exTel, 1o cux nop He cymectBeT. OIHUM M3 MOJEKYJSPHBIX MEXaHH3MOB
OHMOJIOrMYECKOrO JEHCTBUSl TEPEMEHHBIX MAarHUTHBIX TOJIEH MOXET ObITh HOHHBIA IIMKJIOTPOHHBIH
pe3onanc. OqHAKO, B TAKOM CJIydae CTAHOBSTCS TPYIAHOOOBSICHUMBIMH HAOJIFOJJacMbIC Majas BEIHYHHA
MarHUTHOM UHAYKOWUW JJI1 TMIOCTOAHHOI'O MAarHUTHOI'O IOJIA U MaJiasd JJIMHa CBO60[{HOFO npoGera HOHOB
JUIsl KOMOMHUPOBAHHOTO MarHUTHOTO TOJIS.
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Heas pa6orsl. Llensio paboThl ObUTO 0000MHUTE COOCTBEHHBIE pPE3yNbTATHI, TOJXYYCHHBIE paHee B
MTOCTOSTHHOM, TICPEMEHHOM M KOMOWHHUPOBAHHOM MAarHUTHBIX ITOJISIX U OOBSICHUTH UX C IIOMOIIBIO OTHOTO
MIEPBUYHOTO (PU3MYECKOI0 MEXaHU3MA.

Matepuanbl u Metoabl. Mcmonb3yemple B paboTe METOABI OCHOBAHBI Ha COOJIOACHHH XOPOIIO
BOCIIPOM3BOAMMBIX MarHUTHBIX YCIOBHHU. J{JIs1 3TOTO MCIIONB30BAHN 3-X CIOHHBIC TIEPMAIIOEBBIE IKPAHBI
W CBEPXIPOBOJSIIUI KpaH € TEIUIbIM pabounM 00beMoM. VICKyCcCTBEHHOE MarHMTHOE IOJIE CO3JIaBajly
BHYTPHU 5KpaHoB. M3y4ayace rpaBuTponuyeckas peakliis KOpHel Kpecc-calaTa, KyKypys3sl U Topoxa.
PesyabTaThl M 00cy:kaeHne. Bce momydeHHBIe pe3ysbTaThl CPaBHHUBAINCh C TEOPUSIMHU M pacdyeTaMy,
CAETIaHHBIMU PaHEe, U TpeMsl MEXaHW3MaMHU, MPeII0KEHHbIMU HIKE. BbUIO MOKa3aHO, UYTO CyLIECTBYET
TPU  TEPBUYHBIX  (U3MUECKMX  MEXaHWU3Ma  BO3ACHCTBUS  IOCTOSIHHOTO, ITIEPEMEHHOTO U
KOMOMHMPOBAHHOTO MAarHUTHOTO IOl HA T'PaBUTPOIMYECKYIO PEakiuio pacteHuid. OHHM 3aBUCAT OT
B3aUMHOTO PACIIOJIOKEHHUST KOPHEW, CHJIBI TpaBUTAMM W B3aMMHOIO PACIOJOKEHHUS KOMIIOHEHT
MarHUTHOTO TIOJIS (TIOCTOSTHHOM W mepeMeHHON). [lepBhIif MexaHM3M OCHOBaH Ha KIIACCHYECKOW MOMIEIH
BpaIeHus HOHOB B INIOCKOCTH, MEPICHINKYIIIPHON HAIPABICHUI0 MAarHUTHOTO TOJS, JHOO TPEIecCHn
MAarHUTHBIX MOMEHTOB BOKDPYI HaIIpaBJICHHs BEKTOpAa MarHUTHOTO NOJsA. BTOpoil MexaHu3M CBsI3aH C
MBE303JCKTPHUECKUMHI  CBOHCTBAMH KpPaxXMaJIbHBIX 3epeH (TMOpHUCTOe TMHE30IIEKTPUUYECTBO). ITO
CBOMCTBO Kpaxmalla MOKET BBI3BIBATh M3MCHEHHUS IBIKCHUS KpaXMaJbHBIX 3epeH B KOMOMHUPOBAHHOM,
MEPEMEHHOM U Ja)Ke MOCTOSTHHOM MarHUTHOM roJie. TpeTnii Mexanu3m cBsizaH ¢ ()a30BBIMHU IEPEX0OAaMU
B BOJIC, BBI3BAHHBIMH CJIa0bIM KOMOMHUPOBAaHHBIM WITH [IEPEMEHHBIM MarHUTHBIM T0JIEM.

BoiBoabl. CpaBHeHue 3((GEKTOB, BBI3BAHHBIX TPEMsl 3THMH MEXaHU3MaMH MEXIy COOOH, MO3BOJIMIIO
BBIOpaTh HamOoyiee BEpOSITHBI MexaHM3M. [loka3aHo, YTO TEpBBIH MEXaHU3M SBJIsSIETCS Hanbosee
MPEANIOYTUTENBHBIM, TOCKOJIBKY OH II03BOJISIET OOBSCHHTH 3aBHCUMOCTH HaOMoJaeMbIX 3(QEKTOB OT
HaIIPaBJICHUs] MATHATHOTO TTOJIA.

K/IFOYEBBIE CJIOBA: kKoMOMHMpPOBaHHOE€ MAarHUTHOE II0Jie; INEPEMEHHOE MAarHUTHOE IIOoJe; MOCTOSHHOE
MarHuTHOE I0JI€; IMKJIOTPOHHAs YacTOTa MOHOB; KpaxXMaJlbHbIE 3€pHA; MbE30JIEKTPUUECTBO; HOHBI H;0"; ninHa
cBOOOHOTO Mpodera HoHa.

NEPBICHUM ®I3UYHUI MEXAHI3M I[II PI3BHUX MATHITHHUX I1OJIIB HA KOPIHHS
JAEAKNX POCJIMH
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2 isuko-mexuiunuii incmumym nuzvkux memnepamyp im. b.1. Bepkina HAH Yxpainu, npocn. Hayku 47,
61102, Xapxis, Yxpaina

AkTyanbHicTh. J[it0 MarHiTHUX NOJiB HA 010JIOT1YHI 00'€KTH Ha TENEPIlIHIA Yac JOBEICHO BEIMKOIO KiTbKICTIO
EKCIICPUMCHTIB, OJTHAK €JIWHOTO (PI3MYHOI0 MEXaHi3Ma, SKWH OW IMOSICHIOBAB MAarHiTHI e()eKTH, JIOCI HE iCHYE.
OnmHUM 3 MOJIEKYJSIDHUX MeXaHi3MiB OionoriyHoi [ii 3MIHHHMX MarHiTHUX TIIOJIIB MOXe OyTH 1OHHUH
LUKJIOTPOHHUH pe3oHaHc. OfHaK y bOMY BHMAJIKy BRXKO MOSICHUTH Maly BEIMYMHY MarHiTHOI iHIyKmii Ayist
MTOCTIHHOTO MATHITHOTO TIOJIS 1 Mally AOBXKHHY BUTBHOTO Tepediry i0HiB Il KOMOIHOBAaHOTO MAarHiTHOTO TIOJIS,
110 CIIOCTEPIraroTHCs.

Merta poGoTru. Meroro poboTm Oyino y3aralbHUTH BJIACHI pe3yiabTaTH, M0 OyiaM OTpPHMaHi paHime B
MOCTIfHOMY, 3MiHHOMY 1 KOMOiHOBaHOMY MAarHiTHHX IIOJIIX Ta MOSICHUTH X 3a JOMTOMOTOI0 OJHOTO IEPBUHHOTO
(bi3uUHOTO MEXaHi3My.

Marepiann i merogu. 3actocoBaHi y poOOTI METOAM 3aCHOBaHI Ha BHMKOPHCTaHHI 100pe BiITBOPIOBaHHX
MAarHiTHUX yMOB. JIJif IIbOr0 BHKOPHCTOBYBAIM 3-X IIAPOBI MEPMAUIOEBI CKPAaHU Ta HAAMPOBIAHUN CKpaH 3
TemmuM pobounM o0'emom. IllTydHe MarHiTHE Iojie CTBOPIOBAIM BcepenuHi ekpaHiB. JlocmimpkyBanach
TPaBITPOIIYHA PEaKIlisi KOPIHHS Kpec-calaTy, KYKYpY/I3H i TOPOXYy.

Pe3yabTaTu Ta 06roBopeHHs. Bci oTpuMaHi pe3ynbTaTi MOpiBHIOBAIMCS 3 TEOPISIMU 1 pO3paxyHKaMHu, siKi Oyiu
po3pobieHi paHime, i TppOMa MeXaHi3MaMH, 3alpOINIOHOBAaHUMH HIDKYe. byllo moka3aHo, M0 iCHye TpHU
MEpBUHHNX (I3MYHUX MEXaHi3MH BIUIMBY IIOCTiHHOTO, 3MIiHHOTO Ta KOMOIHOBaHOTO MATHITHOTO TIOJNIB Ha
TPaBITPOMIUHY peakilito pocinH. BoHH 3amexaTs BiJl B3a€EMHOTO PO3TAllyBaHHS KOPEHIB, CHJIM TpaBiTarlii i
B3a€MHOT'0 PO3TAITyBaHHS KOMIIOHEHT MarHITHOTO ITOJIS (TTOCTiHHOI Ta 3MiHHOT). Ilepmmit MexaHi3M 3acCHOBaHHN
Ha KJIACMYHIA Mofeini oOepTaHHs IOHIB B IUIOLIMHI, 10 MEPHEHIMKYJSIPHA HAMpPsSMY MarHiTHOro mnoJjs, abo
mperecii MarHiTHUX MOMEHTIB HAaBKOJIO HANpPsIMKY BEKTOPY MarHiTHOTO mois. Jpyrwmii MexaHi3M HOB'S3aHUM 3
N'€30€JIEKTPUYHAME ~ BJIACTHBOCTSIMH  KPOXMaJIbHUX 3epeH (mopucra m'e3oenekrpuka). Ll BiacTuBicTh
KPOXMAJTI0 MOKE BUKJIMKATH 3MiHH PyXy KPOXMaJIbHUX 3€peH B KOMOIHOBAHOMY, 3MIHHOMY 1 HaBiTh ITOCTIHHOMY
MmarHiTHOMY moii. Tperiii MexaHi3M mNoB'si3aHMi 3 (a30BMMHU IepexoJaMd y BOAI, LIO BUKIMKAHI CIaOKUM
KOMOIHOBaHMM a00 3MiHHMM MarHiTHHUM IIOJIEM.
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BucHoBku. [TopiBHSIHHA e(eKTiB, BUKIHKAHAX TPhOMa IIMMH MEXaHi3MaMH MK cO0O0, JO3BOIWIO BHOpATH
HalOUIbII MOBipHHH MexaHi3M. [lokazaHo, IO TEPHIMA MEXaHi3M € HaWKpalluM, OCKIIBKHA BiH O3BOJIIE
MOSICHUTH 3aJISKHICTh CIIOCTEPE)KYBAHUX B MATHITHOMY ITOJIi €(PEKTiB BiJ HAIIPSIMYy MAarHITHOTO TOJIS.
KJIIOYOBI CJIOBA: komM0iHOBaHE MarHiTHE MoJie; 3MiHHE MAarHiTHE MOJe; MOCTiiHE MAarHiTHE MOJie; UKIOTPOHHA
YacTOTa i0HiB; KPOXMaJIbHi 3epHA; IOPUCTA I'e30eeKTprKa; ionn H3;O'; foBkuHA BiNbHOrO MpOGiry ioHy.

Bogatina N.I. supposed many years ago that the primary mechanism of magnetic field
action on biological objects had the physical nature [1]. It was shown in [1] that there were
many analogies between the action of magnetic field and gravity. The action of permanent
magnetic field and gravitry had the thresholds and their threshold values correlated very well
between themselves. These conclusions were made on the base of the experimental works of
Bogatina et al. on the observing of the threshold of growing reaction of wheat’ coleoptiles and
roots [2] and work of Merkis [3] who observed the threshold dependence of gravitropic
reaction of roots and coleoptiles of plants on gravity.

In our previous works we obtained the following experimental results.

1. The presence of threshold for gravitropic reaction of plants both in permanent and
alternative magnetic field [4, 5].

2. The biological effect in combined magnetic field (static magnetic field and collinear to
it alternative magnetic field) depended on the direction of roots relatively permanent and
alternative magnetic fields and the direction of these fields relatively the gravity force and each
other [6, 7, 8].

3. The observation of negative gravitropic reaction for roots in some cases [9-13].

4. The distribution of amyloplasts and Ca*" ions in the roots differed from the usual while
the negative gravitropic reaction was observed. For small time of treatment in combined
magnetic field amyloplasts were located in the center of the cells. For long time they moved to
the upper part of the cells. Ca*" ions moved to the upper part of the cell in contrary its usual
movement to the down part [10, 12, 13].

5. The dependence of biological effect on concentration of Ca*" ions was not linear [10].

The aim of the work is to compare the experimental results obtained by us before with the
new theoretical propositions and accounts supposed by other authors and us and selection of
the preferred model.

MAGNETIC AND ELECTROMAGNETIC CONDITIONS

It is important to notice here that all experimental results we used here to build the model
of static, alternative and combined magnetic fields action on biological objects (roots in our
case) were obtained under well reproducible magnetic and electromagnetic conditions [4-13].
These conditions were achieved by using two- coated p-metal shields and superconductive
shield with warm volume on the technical base of the Institute for Low Temperature Physics
and Engineering of National Academy of Science of Ukraine (Kharkov, Ukraine).

The static and alternative magnetic fields were created artificially by 2 coaxial solenoids
in p-metal shield. The remained magnetic field in p-metal shield was equal to 20 nT. The
level of magnetic noise at the frequencies we used was not more than 2 nT/Hz".

For superconductive shield with warm volume the remained magnetic field was equal to
5-7 nT. The static magnetic field was frozen in the work volume by transition the Pb shield in
the superconductive state in external magnetic field from the circular couture, that wasn’t
located in the bottom part of the shield. The magnetic noise level for superconductive shield
was not more than 0.01 nT/Hz"’.

The alternative magnetic field was created by using of long solenoid. The data in
combined magnetic field were obtained for cyclotron frequency of Ca®‘ions. The static
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magnetic field’s induction was 8.65uT, the alternative magnetic field’s amplitude was
15.9uT, the frequency of it was equal to 6.85 Hz.

MECHANISM OF MAGNETIC FIELD ACTION

In [7] we proposed the mechanism of action of permanent magnetic field and combined
one. It was based on the results of our experiments of action of both the permanent magnetic
field and combined one and the theoretical work of Liboff with coauthors [14].

Here we developed our proposition [7].

In [7] we showed that the absence of permanent magnetic field leaded to the decreasing of
any ions stream diameter near the membrane and to the changes of pressure on the membrane.
So it might to lead to the shutting of some channels for ions and to the presence of biological
effect. The effect had to have the threshold for magnetic inductance value that depended on the
minimal distance between the ion’s channels.

This model was used recently by Bingi V.N. [15]. The dependence of the probability of
biological effect on the magnetic field inductance coincided very well with the obtained by us
in [4, 5] even in details. (Fig. 1, 2).
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Fig. 1. The dependence of quantity of roots with anomalous gravitropic reaction (that is up and perpendicular to
gravity) on the inductance of permanent magnetic field (experimental results [4]).

But we have to notice, that the value of the effect in the experiment was about 60%, while
the predicted one was only 15 %. The difference might be connected with the difference of the
parameters values (here a — was the parameter of signal interaction and t —was the parameter
of the thermal interaction). The other reason for the difference was the following. In [15] the
averaging was made for all directions of ions, but in our case we had evidently one main
direction.

From the comparing of our results with the results of assessments [15] we can obtain
besides the threshold value that is equal to 0.1-1 puT, the time of thermal relaxation for ions. It
is of order 107 s for electrons, 10~ s for proton and 102-10"s for ions. The qualitative
accordance between curves on Fig. 1 and Fig. 2 was good. As we noted [7] the effect is more
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for directed moving of ions. And it can decrease and even disappear when there was no
distinguished direction of ions moving or this direction coincides with the direction of
permanent magnetic field. As it was noticed in [15] the biological effect may be much more
than the primary probability effect that had been counted.
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Fig. 2. “Effect of magnetic vacuum” is the increasing of probability of primary reaction caused
by the permanent magnetic field decreasing [16] (y is the gyromagnetic attitude; t is the time of
thermal relaxation). The probability R is zero dimensional magnitude and the magnitude yHr is
zero dimensional too.

The only criticism that might take place was the big value for thermal relaxation time. It
might be got over by the last theory of Del Guidice [16] who noted that adjacent to the
membrane in EZ water (the type of water, variously called vicinal, interfacial, and now
excluded zone, or E-Z water) the free path’s length of ions could be much longer because of
the domain structure of the water. This fact was confirmed indirectly by our work on
hydronium [17, 18] and directly in the work of Liboff [19] they observed the phase transitions
in the pure water in combined magnetic field and alternative magnetic field.

The same threshold effect was obtained for alternative magnetic field treatment while the
static magnetic field was absent [5, 20]. We studied the gravitropic reaction of cress roots on
time at the amplitudes of alternative magnetic field from 20 nT up to 5 uT and wide diapason
of frequencies (from parts of Hz up to 50 Hz).[5]. We revealed the presence of the step at the
curve of dependence of roots’ divergence angle on amplitude of alternative magnetic field. It
was located approximately at 2uT. At amplitudes less than 0.2 pT the gravitropic reaction of
cress roots was decreased essentially, but at the amplitudes more than 4 uT the gravitropic
reaction was usual. So both static and alternative magnetic fields starting from certain
magnitude began to influence on the gravitropic reaction of roots. The influence consisted in
the essential increase of gravitropic reaction above some amplitude of alternative or static
magnetic field. The threshold induction value is more for alternative magnetic field, than for
static one. The fact coincides with the accounts [15].

The explaining of the effect is based on two hypotheses. The first one takes in to account
membrane electric field and the second one proposes that Ca** ions flow by narrow directed
stream.
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The roots treated in the alternative magnetic field are present some part of period in the
magnetic field that is less than the threshold of static magnetic field. This fact leads to
decreasing of gravitropic reaction. When the amplitude of magnetic field becomes more than
definite value, the ion’s stream widens and captures more channels. So the gravitropic reaction
has to increase until the definite limit. The limit is determined by ions’ free path length [5, 20].

The effect didn’t depend on the frequency while we substitute the permanent magnetic
field by the alternative one [15] for the frequencies more than 1Hz.

In the work [17] we explained the effect of combined magnetic field action by the fact that
in combined magnetic field some part of the time our roots were in the magnetic field that was
less than the threshold value and it might lead to the essential decreasing of gravitropic
reaction. And this model was calculated in the work of Bingi V.N. [15].

As it was shown in [7] all the ions that had velocity non parallel to the magnetic field
direction were pressed to the cell membrane (the centrifugal force appeared during the rotation of
ions). The induction of combined magnetic field changed from 0 to its maximum value during
the period of alternative magnetic field so the pressure on membrane changed from maximum to
0. The amyloplasts might be carried away by ions stream to the membrane and pressed to
membrane. When the inductance became too small and aspired to 0 the amyloplasts might be
thrown away from the membrane to the center of the cell or even more to the upper or lower-
laying part of the cell. As the concentration of ions in the lower-laying part of the cell was more
than in the upper one due to the gravity, the concentration of amyloplasts in the upper part of the
cell might exceed the concentration in the lower-laying part of the cell. All these facts were
observed by us in [10, 12, 13]. The maximum effect had to be seen when there was the directed
movement of one type of ions and it might be increased by the resonance at cyclotron frequency
that coincided with the frequency of the alternative magnetic field. The amyloplasts might even
to defense the investigated ions from the collisions with other ions and to increase their free
path’s length. The ions might be also carried away with the amyloplasts to the upper part of the
cell. As the amyloplasts had a big mass compared to the ion’s mass the way at which the ion lost
its speed also increased when it moved with the amyloplasts. Besides the change of Ca*" ion
concentration might lead to the change of the concentration of auxin ions because Ca*" ion took
part in the process of syntheses of auxin and so to change of gravitropic reaction.

All these considerations might to explain all effects we observed. We can also explain all
the results about the dependence of biological effect of the direction of combined magnetic
field. The absence of any effect for parallel directions of roots and combined magnetic field
may be easily explained. The direction of ions stream didn’t change in parallel to its direction
magnetic field. The investigation of combined magnetic field influence on the plants roots
gravitropic reaction was studied in details before [6 — 13]. The different results obtained for
different roots directions are shown on Fig 3.

It was found that roots gravitropic reaction was negative in first case and it was slowed
essentially in the second one. In third case it was usual. So for the combined magnetic field the
model for cyclotron resonance of ions is preferred because of the absence of any biological
effect in some directions.

The other effect — the dependence of biological effect on the method of observation of
gravistimulation may be easily explained in frames of this model. While observing the
gravitation reaction on wet plane when the roots touched the plane with all their length we
changed the direction of ions moving and so changed the biological effect.

The only objection from this model was the fact that the free path of Ca®" ions was small.
We estimated it. The average thermal velocity for Ca®" ions was equal to 200 m/s, time
between collisions was of the order 10™ s. So the free path was equal to 2:10” m (200 nm). As
the distance between the Ca*" channels was of the order 5-10 nm [21] the ion had time for
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interaction with many channels. If the free path might be increased by 5 — 50 times, then any
objection about the possibility of cyclotron resonance could be overcome because its length
will approach the dimension of plant’s cell. In the case with static or alternative magnetic
fields we didn’t need longer free path. Obtained free path is quite enough. We shall notice here
that for H™ ions the average velocity and so the free path was by 7 times more than for Ca®"
ions.

Boc
(s o — N
B ac I Bpc root Bac
= / >
root root
Bac
g o v
= £
1 2 3

Fig.3. Different biological effect for different directions of combined magnetic field. Here Bpc is
the induction of static magnetic field component; Bac is the induction of alternative magnetic
field component. They are parallel to each other. Combined magnetic field was parallel to the
gravitation vector, the roots were located perpendicular to gravity and combined magnetic field
vector (1); combined magnetic field was perpendicular to the gravitation vector and roots were
located perpendicular to combined magnetic field and gravity (2); combined magnetic field was
perpendicular to the gravity and roots were located parallel to combined magnetic field (3). The
primary direction of roots always lays in the horizontal plane and is directed perpendicular to the
acceleration due to gravity g. On the photos the gravitropic reaction of roots was fixed after 2
hours’ treatment in different combined magnetic fields. The orientation of roots and
corresponding the photo combined magnetic fields components relatively gravity vector g were
showed above each photo. Here results were shown for cress’ roots. Analogous results were
obtained for pea’ roots and maize ones. All results were obtained for the frequencies of
alternative magnetic field component tuned to the cyclotron frequency of Ca*'ions in the static
magnetic field Bpc.

The other effect that we couldn’t throw away was the fact that the amyloplasts were the
starch grains (porous piezoelectric), and thus they are piezoelectric particles. While they are
pressed to membrane the grains might polarize and create the electric field near themselves. As
the direction of created dipole of the starch grain near the membrane wasn’t determined it had
to rotate and aspire to be parallel to the direction of electric field even in the contrary to the
gravity. The created electric field is alternative one and had the frequency of alternative
component of combined magnetic field. So in combined magnetic field the dipole had to
change its direction with the changing the direction of alternative magnetic field. Besides the
dipole moves in combined magnetic field and creates electric field. That should to lead to
electromagnetic field generation from the dipole. So the grains lost the energy and gravitropic
reaction may be changed. The resonance had to take place when the frequency generated by
electric dipole coincided with the frequency of alternative component of combined magnetic
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field. But this frequency had nothing with the cyclotron frequencies of ions observed in
experiment. The advantage of this model was in the absence of necessity of long free path for
particles. This model couldn’t explain the threshold for the dependence of biological effect
probability on the induction of magnetic field. But the direction of dipoles relatively combined
magnetic field was also important. The generation of electromagnetic noise from plants was
observed by us in [9].

The third independent physic-chemical mechanism is connected with our last experimental
work [18]. It is based on the result that the hydronium ions took immediate part in the
gravitropic reaction. Though there was no any negative gravitropic reaction for these ions (it
was only the essential decreasing of the gravitropic reaction) the peak for H;O" ions was well
observed.

We also observed the increasing of concentration of H+ ions (pH measurements) during
treatment of the pure water in combined magnetic field alternative component of which was
tuned to the cyclotron frequency of hydronium ions. According to the hypothesis of Del
Giudice [16] the free path for ions in the water near the membrane was much longer than in
usual because of domain structure of this water and ion might jump between the domains. The
change in the H;O" and H' ions concentration that took place at the frequency of alternative
magnetic field equal to the cyclotron frequency of the H;O" ions led to the change of other
water characteristics It might lead to the changes of stretching and it might be different in
different parts of the root. So it might lead both to decreasing of gravitropic reaction and to
negative gravitropic reaction.

As the peaks of Ca®" ions and hydronium ions were located very close between themselves
the effects might be mixed. All the ions including the ions of metals may get to the EZ zone
near membrane (the zone of structured water) but it is not clear whether they will have the long
free path in that zone or only water components will have the long free path in that zone.

The measurements of conductivity of pure and clean water with the fixed concentrations
of Ca”" ions can give the answer on this question.

CONCLUSIONS

Three physical primary mechanisms were proposed in the work. The first one was
preferable (this was the mechanism of action of magnetic field on ions).

It could explain the presence of the threshold in the dependence of probability of
biological effect (changes in gravitropic and growing reactions in our case) on the induction of
static magnetic field and the same effect in the alternative magnetic field (the threshold
character of the changes in gravitropic reaction on amplitude of alternative magnetic field
induction).

This mechanism was responsible for the resonance interaction of combined magnetic field
alternative component of which was tuned for the cyclotron frequency of the ion (or for the
magnetic moment of the ion that was one and the same). It could explain also all direction
dependencies of biological effect. The only objection that the free path of the ion was too short
for existence of ion cyclotron resonance might be overcame by the hypothesis that in EZ-water
near the membrane the free path of any ions (not only hydronium) was much longer. But we
couldn’t exclude the other two primary mechanisms. Beside the third one was the first
mechanism fitted to the water.
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