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INFLUENCE OF ALTERNATIVE ELECTRIC FIELDS OF DIFFERE NT
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The gravitropic reaction of cress roots was ingegéd in static horizontal magnetic field and al&tive
electric field of different directions. The altetive electric field was tuned to cyclotron frequgraf Cea*
ions in horizontal static magnetic field. Six dif@t variants were investigated. In the first vatighe
alternative electric field was parallel to magnetie and roots were perpendicular to both of tHarthe 2-nd
variant the electric field was perpendicular to metgc one and parallel to g, the roots were perjpetat to
all of them. In the 3-d variant the electric fieléhs perpendicular to magnetic one and paralle| theyroots
were parallel to magnetic field. In the 4-th vatidime electric field was parallel to magnetic oma aoots
were parallel to both of them. In the 5-th varit electric field was perpendicular to both thegnedic field
and g and the roots were parallel to magnetic figldhe 6-th variant the electric field was pergienlar to
both the magnetic field and g and the roots werallgh to electric field. The essential inhibiticof
gravitropic reaction has been observed only infillse variant. In the 6-th variant the essentiatr@asing of
gravitropic reaction has been observed only ab#dgnning.

Keywords: static magnetic field, alternative electric fielgravitropic reaction, roots direction, cyclotron
frequency.

INTRODUCTION

The investigation of combined magnetic field (CM$tatic and parallel to it
alternative magnetic field) influence on the plamtsts gravitropic reaction was studied in
details before for different relative orientatiohfields and roots [1-4]. It was shown that
the effect developed essentially on the orientatibroots relatively the CMF[3]. It was
shown that the roots direction relativelyBand B (Boc and B are inductances of
static and alternative magnetic fields) are esakfdr negative gravitropic reaction and
decreasing of gravitropic reaction observation [#he effect we obtained may be
explained by our theory based on Liboff's hypothe@he electric field was taken in
consideration) and ours previous work [3, 4]. Theakthing of the membrane is important
only in the cases when the ions direction of movwengot parallel either for & or Bac.

To confirm or deny our hypothesis we changed [5thé] alternative component of
magnetic field by alternative electric field of fdifent orientations. In the works [5, 6] the
following variants of roots location relatively &tatic vertical component of magnetic
field and alternative component of electric fieldrey studied.
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B At first variant the static magnetic field was dired parallel to the gravitation
vector, the alternative electric field was direciatallel to static magnetic field, roots
were directed perpendicular to both two fields congnts and gravitation vector;

B At second variant the static magnetic field wagcted parallel to the gravitation
vector, the alternative electric field was direcfmtpendicular to static one, roots were
directed parallel to alternative electric field;

B At third variant the static magnetic field was dierl parallel to the gravitation
vector, the alternative electric field was direcfmtpendicular to static one, roots were
directed perpendicular to both two fields composemtd gravitation vector.

It was shown, that at the first and second varitimsspeed of gravitropic reaction
was decreased essentially while at the third varadn't not differ from the control
experiment. The biological effect was observed dialy the amplitude of alternative
electric field 100V//m. We didn"t observe any effeat the amplitude of alternative
electric field 10V//m. We have to notice here tihatas impossible to determine the exact
value of amplitude of alternative electric field chese of the wet environment. It
depended on the humidity of the camera and thérigleesistance of the root.

To have the whole picture of the effects we obsktie analogous investigation in
the horizontal static magnetic field has been Ifatfi

The following variants of roots location relativelye static horizontal magnetic field
and alternative electric field were investigatedall variants the static magnetic field with
magnetic inductancedd was directed perpendicular to the gravitationateeg..

In the first variant the electric field was parblie magnetic one and the roots were
perpendicular to both of them..

In the 2-nd variant the electric field was perpentiir to the magnetic one and
parallel to the gravitropical vector g, .the roatsre perpendicular to both fields.

In the 3-d variant the electric field was perpentiic to magnetic one and parallel to
g, the roots were parallel to magnetic field.

In the 4-th variant the electric field was parallel magnetic one and roots were
parallel to both of them.

In the 5-th variant the electric field was perpentar to both the magnetic field and g
and the roots were parallel to magnetic field.

B |n the 6-th variant the electric field was perpentir to both the magnetic field
and g and the roots were parallel to electric fiBst.

MATERIALS AND METHODS

To obtain the horizontal magnetic field it was resagy to turn the settings that had
been drawn on fig 1 and 2 in the works [5, 6] om $ide by the same way as in the work
[3]. Then the axes of the shield and the soleneithine horizontal. In that case the setting
shown on fig 1 {works 5, 6) create horizontal eliecfield and the setting shown on fig
2{works 5, 6) create vertical electric field. Thepgndences of magnetic field and electric
fields noises on the frequency were similar todbeencies shown on fig 3 [5, 6]. But the
amplitudes of spectral densities of magnetic aedtat fields noises was approximately
by two times less.
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RESULTS AND DISCUSSION
The results obtained were shown on fig. 1 and 2.

First variant

Bnc"// LTI
Eac l
g

Second variant

Eac

’ roo;;
‘4, |
g

Third variant

83



Sheykina N. V.

Forth variant

Fifth variant
roots

Sixth variant
_ roots
R ——
Boc e E—
Eac

Fig 1. The gravitropic reaction of cress roots@ds (a, ¢, €, g, |, k) and 1 hour (b, d, f,
h, j, I). The value of static magnetic field indioct was equal to 40uT, the frequency of
alternative electric field was equal to 31.75 Had ahe amplitude of electric field was
equal to 100 V/m.
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Fig. 2. Dependence of cress roots angle of divergence fherhorizontal place on.
Magnetic field was directed perpendicular to giidnal vector g. Curve B corresponds
to the first variant (variant the electric field svaarallel to magnetic one and the roots
were perpendicular to both of them.); curve D cgponds to the second variant (the
electric field was perpendicular to the magnetie and parallel to the gravitropical vector
g, .the roots were perpendicular to both fields)ve F corresponds to the third variant
(the electric field was perpendicular to magnetie @and parallel to g, the roots were
parallel to magnetic field); curve H correspondshie forth variant (the electric field was
parallel to magnetic one and roots were paralldddth of them); curve J relates to the
fifth variant (the electric field was perpendicutarboth the magnetic field and g and the
roots were parallel to magnetic field); curve Latek to the sixth variant (the electric field
was perpendicular to both the magnetic field arahd the roots were parallel to electric
field). The value of static magnetic field inductiovas equal to 40uT, the frequency of
alternative electric field was equal to 31.75 Had ahe amplitude of electric field was
equal to 100 V/m..

It was clear from fig. 1 and 2 that the main conditunder which the gravitropic
reaction inhibition was observed was the followirifpe roots needn’t be parallel to the
static magnetic field.

The results obtained in this work confirm the reswoff our previous works [3, 4]. It
was shown in the works [3, 4] that the biologicHieet on gravitropic reaction existed
only in the cases when the roots direction was eyadigular to static or alternative
magnetic fields or to both of them. In this work sleowed that the same effect existed.
The gravitropic reaction was sensitive to simultarseeaction of static magnetic field and
alternative electric one only when the roots digctdidn’t coincide neither with the
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direction to static magnetic field nor with the atition of alternative magnetic field
created by alternative electric field. This resuincides well with the results of previous
works [3-7] and confirmed the fact that the mairection of C&" ions’ moving was the
moving along the roots. The results obtained irizootal magnetic field confirmed the
results obtained in vertical magnetic field.

The absence of gravitropic reaction changes irctses when the roots direction of
growing coincided with the static magnetic fieldedtion showed that the direction of
ions moving is important. In the case when there n@ preferred ions moving direction
the effect might be absent or decreased essentilflgse argument may explain the
difference between results obtained for differentfiling of one and the same
experiment. For instance the changes of gravitrogaction were much smaller when the
roots were growing on the sponge comparing with rhsults when the roots were
growing in the air [8].

The effect we obtained may be explained by ourrthbased on Liboff's hypothesis
[7] (the electric field of membrane was taken imsideration) and ours previous works.
The breathing of the membrane is important onlthis cases when the ions direction of
moving is not parallel either for BDC or BAC. HEBAC is the alternative magnetic field
created by alternative electric field.

We have to notice that while the gravitropic reactis absent, the roots become
thicker. The effect may be connected with wateaited in roots.

CONCLUSIONS

1. The direction of roots relatively both static matiméield and alternative electric field
is very important.

2. The effect has the physical nature and may be eguaby membrane breathing
caused by alternative electric field.
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HccnenoBanack TIpaBUTPONUYECKAass peaKLUs KOPHEH Kpecc-cajlata B MOCTOSHHOM TOPH30HTATbHOM
MAarHUTHOM TI0JIE M TEPEMEHHOM 3JIEeKTPUYECKOM TII0Ji€ Pa3IMYHBIX HampapieHui. Ilepemennoe
3NEKTPHUECKOE T0JIE HACTPAMBAIM HA HHKJIOTPOHHYIO YacTOTy HOHOB C&' B rOPH3OHTATHHOM MArHUTHOM
none. OnelT NpOBOAWICS I@PU WIECTH PA3IMYHBIX OTHOCHUTENBHBIX HAIPaBICHUSAX MArHUTHOIO,
JJIEKTPUYECKOro IoJel U KopHell. B mepBoM BapuaHTE 3IJIEKTpUYECKOE I0JIC MapajlIeIbHO MAarHUTHOMY, a
KOpHH NEPIEHIUKYJISIPHBI UM 000HMM; BO 2 BapHAHTE 3JIEKTPUUECKOE M0JIe MEPIEHIUKYIIIPHO MAarHUTHOMY H
TapajuiesIbHO BEKTOPY TPaBUTAlH, KOPHH MEPIEHIUKYISIPHEI IM 000uM; B 3 BapHaHTE dJIEKTPUIECKOE 1OJIe
NEPNEeHUKYISIPHO MarHUTHOMY M TapajuleIbHO BEKTOPY TPaBUTAlUM, KOPHH MapaiielbHO MarHUTHOMY
MOJI0; B 4 BapHaHTe 3/IEKTPUUYECKOE MOJIe MapauiebHO MarHUTHOMY, @ KOPHHU MapajiedbHbl UM 000HM; B 5
BapHaHTe 3IEKTPUUECKOE T0JIE MEPNEHIUKYISIPHO MarHUTHOMY U MEPNEHIUKYISIPHO BEKTOPY I'paBUTAIHH,
KOPHH NapajulelibHbl MArHUTHOMY I10J110; B 6 BapHaHTe 3JEKTPUYECKOE MOJIE NEPICHANKYIIIPHO MArHUTHOMY
TIOJII0 U NEPHEHIUKYIIIPHO BEKTOPY I'PaBUTALMU, KOPHU MapajlIe/IbHbI JEKTPUYECKOMY MO0, 3HAUUTEIBHOE
ociabieHne IpaBUTPOIMYECKON peaknuu HabGmiomaercs iauis B 1 Bapmante. B 6 BapmnanTte 3HaumMTenbHOE
ociabieHne MPOUCXOIUT JIUIIIb BHAYAJIC.

Knrwuesvie cnoga. NOCTOSHHOE MAarHUTHOE IOJ€, INEPEMEHHOE JJIEKTPHYECKOE II0JIE, TPABUTPONUYECKAs
peaxiys, HarpaBJIeHUE KOPHEHl, IMKIOTPOHHAs 4acTOTa.
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