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The gravitropic reaction of cress roots was investigated in static vertical magnetic field and alternative
electric field of different directions. The alternative electric field was tuned to cyclotron frequency of Ca2*
ions in vertical magnetic field. Three variants were investigated. In the first one the magnetic field and the
electric field are parallel between themselves and gravitational vector. So the roots were located perpendicular
to all of them. In second and third variants the magnetic field and the electric field are perpendicular to each
other and roots were located either perpendicular to electric field (second variant) or parallel to it (third
variant). In the first and second variants the essential inhibition of gravitropic reaction was observed.
Keywords: static magnetic field, alternative electric field, gravitropic reaction, roots direction, cyclotron frequency.

INTRODUCTION

The investigation of combined magnetic field (CMF, static and parallel to it
alternative magnetic field) influence on the plants roots gravitropic reaction was studied in
details before for different relative orientation of fields and roots [1-4]. It was shown that
the effect developed essentially on the orientation of roots relatively the CMF[3]. It was
shown that the roots direction relatively Bpc and Bac (Boc and Bac are inductances of
static and alternative magnetic fields) are essential for negative gravitropic reaction and
decreasing of gravitropic reaction observation [4]. The effect we obtained may be
explained by our theory based on Liboff’s hypothesis (the electric field was taken in
consideration) and ours previous work [3,4] The breathing of the membrane is important
only in the cases when the ions direction of moving is not parallel either for Bpc or Bac.

To confirm or deny our hypothesis we change the alternative component of magnetic
field by alternative electric field of different orientations. In the work the following
variants of roots location relatively to static component of magnetic field and alternative
component of electric field were studied.
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B At first variant the static magnetic field was directed parallel to the gravitation vector,
the alternative electric field was directed parallel to static magnetic field, roots were
directed perpendicular to both two fields components and gravitation vector;

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

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

MATERIALS AND METHODS

The materials and methods of the investigation were described before [2, 3].

The only distinction is the possibility to obtain the electric field that was parallel or
perpendicular to gravitation vector. For the purpose the samples were located in
capacitance between two non-magnetic planes (figl,2).
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Fig.1. The damping rubber (1) supported the holder of dielectric material (2). The p-
metal shield (3) surrounded the samples (4) that were mounted inside a moist chamber of
non-magnetic plastic material (5) and solenoids (8, 9). The magnetic field was measured
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and controlled by sensor elements (fluxgate magnetometer or SQUID), (6) inside a holder
(7). The solenoids (8, 9) have a cylindrical shape and comprise the system that generates
the static magnetic field (9). Two flat plates from non-magnetic material(10) were sourced
from LF generator. They are divided by dielectric plate (11). The enlarged central part of
the top view shows the orientation of 4 pairs of roots (4), arranged around the magnetic
field sensor (7). The coils of solenoids (8, 9) are the spaces between the circles in the
bottom part. The space between the innermost circles is the holder of dielectric material
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Fig.2. The damping rubber (1) supported the holder of dielectric material (2). The p-
metal shield (3) surrounded the samples (4) that were mounted inside a moist chamber of
non-magnetic plastic material (5) and solenoids (8, 9). The magnetic field was measured
and controlled by sensor elements (fluxgate magnetometer or SQUID), (6) inside a holder
(7). The solenoids (8, 9) have a cylindrical shape and comprise the system that generates
the static magnetic field (9). Two flat plates from non-magnetic material(10) were
sourced from LF generator. They are divided by dielectric plate (11)/ The enlarged central
part of the top view shows the orientation of 4 pairs of roots (4), arranged around the
magnetic field sensor (7). The coils of solenoids (8, 9) are the spaces between the circles
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in the bottom part. The space between the innermost circles is the holder of dielectric
material (2).

The only difference between fig.1 and fig.2 was the orientation of the electric field
created by non-magnetic planes.
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Fig.3. The magnetic (a) and electric (b) fields’ noises’ dependencies on frequency.

RESULTS AND DISCUSSION
The results obtained are shown on fig. 4, 5 and 6.
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roots

Fig.4. The gravitropic reaction of cress roots for 0.5 (a, c, €, g) and 1 hour (b, d, f, h).
The value of static magnetic field induction was equal to 40uT, the frequency of
alternative electric field was equal to 31.75 Hz, and the amplitude of electric field was

equal to 100 V/m.

angle,’

/§~—"F/i fdj

e e

— -

- —

T
2

time. hours

Fig.5. The dependences of divergences of cress roots from the horizontal plane on
time. Curve B corresponds to the first variant (alternative electric field is parallel to static
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magnetic field and gravitrpic vector and roots’ direction is perpendicular to all of them)
curve D corresponds to the second variant (alternative electric field is perpendicular to
static magnetic field and gravitrpic vector and roots’ direction is perpendicular to all of
them), curve F relates to the third variant(alternative electric field is perpendicular to static
magnetic field and gravitrpic vector and roots’ direction is parallel to electric field) and
curve H relates to the control experiment. The value of static magnetic field induction was
equal to 40uT, the frequency of alternative electric field was equal to 31.75 Hz, and the
amplitude of electric field was equal to 100 VV/m.

-—=—B
90 - l oD
)

80+

] o
o] ,V//%// A

50+

i# » ~1
40 e

30+

angle,’

time, hours

Fig.6. The dependences of divergences of cress roots from the horizontal plane on time.
Curve B corresponds to the first variant (alternative electric field is parallel to static
magnetic field and gravitrpic vector and roots’ direction is perpendicular to all of them)
curve D corresponds to the second variant (alternative electric field is perpendicular to static
magnetic field and gravitrpic vector and roots’ direction is perpendicular to all of them).

As it is clear from fig.5 the gravitropic reaction velocity depended essentially on the
direction of roots growing relatively the alternative electric field direction. At the first and
second variants the speed of gravitropic reaction is decreased essentially while at the third
variant does not differ from the control experiment. The biological effect was observed
only for the amplitude of alternative electric field 100V//m. We didn”t observe any effect
at the amplitude of alternative electric field 10V//m. We have to notice here that it is
impossible to determine the exact value of amplitude of alternative electric field because
of the wet environment. It depends on the humidity of the camera and the electric
resistance of the root. .

The results obtained in this work confirm the results of our previous works [3, 4]. It was
shown in the works [3, 4] that the biological effect on gravitropic reaction existed only in the
cases when the roots direction was perpendicular to static or alternative magnetic fields or to
both of them. In this work we showed that the same effect existed. The gravitropic reaction
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was sensitive to static magnetic field and alternative electric one only when the roots
direction coincided with the perpendicular to both static magnetic and the alternative electric
fields. So we could conclude that the effect was obtained only for cases when both fields
changed the direction of ions moving. So as in the works [3, 4] the main direction of Ca?*
ions’ moving was the moving along the roots

The effect we obtained may be explained by our theory based on Liboff’s hypothesis
(the electric field was taken in consideration) and ours previous works. The breathing of the
membrane is important only in the cases when the ions direction of moving is not parallel
either for Bpc or Bac or Eac. We have to notice that while the gravitropic reaction is absent,
the roots become thicker. The effect may be connected with water detained in roots.

CONCLUSIONS

1. The direction of roots relatively both static magnetic field and alternative electric field
iS very important.

2. The effect may be explained by membrane breathing caused by alternative electric
field.
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Borarnna H. U. Biusinme nepeMeHHBIX JJIEKTPHYECKMX I0JIeill pa3jiMYHbIX HalNpaBJIeHMH Ha
IPaBHTPONMYECKYIO PeaKLHI0 KOPHeil Kpecc-caiaTa B BEPTHKAJILHOM IMOCTOSIHHOM MArHHTHOM IoJe /
H. W. boratuna, H. B. Ileiikuna, A.C.Jlunauk // Vuenole 3amucku KpbiMckoro (¢enepanbHOro
yauBepcurera uM. B. W. Bepnanckoro. Cepust «buonorus, xumusi». — 2015, — T. 1 (67), Nel. — C.3-9.
HccnenoBanack rpaBUTpOIIYECKast peakiisi KOpHEH Kpecc-canara B ITOCTOSHHOM BEPTHKAIBHOM MarHUTHOM
Tojle M TMEepPEeMEHHOM »HJIEKTPHYECKOM II0JIe PA3NIMYHBIX HampaBieHHi. [lepeMeHHOe sJeKTpHdYecKoe Iojie
HACTPaMBaIM HA [UKIOTPOHHYIO YacToTy HOHOB Ca?* B BepTHKATHHOM MAarHuTHOM Toie. OTBIT MpOBOIMIICS B
MIPH TPEX PA3JIUYHBIX OTHOCUTEIBHBIX HANPABICHUSIX MarHUTHOT'O, 3MEKTPUUECKOro Mosiel 1 KopHel. B mepsom
BApUaHTE MAarHUTHOE M BJIEKTPUYECKOE TONS IMapaljielbHbl MEXIy cOo00H M BEKTOpY IpaBHTAlUM. Takum
00pa3oM, KOPHU PacHONIOKEHB! MEPIEHANKYIIPHO UM BCeM. Bo BTOpOM M TpeTheM BapuaHTaX MAarHUTHOE U
JNEKTPUYECKOE TIOMsT  PACIONOXKEHbl MEPHEeHIUKYIIPHO JpYyr MAPYrY, a KOPHH pPacloNoXeHbl Jubo
TIePIICHANKYISIPHO JIEKTPHIECKOMY MO0 (BTOpPOH BapHWaHT), JIMOO MapaiensHo eMy (Tpermil Bapuaot). B
TIEPBOM M BTOPOM BapHaHTe HalJII0/[aI0Ch CYIECTBEHHOE YTHETEHHE TPaBUTPOIINYECKON PEaKIHn.

Knrwowuegvie cnosa: mocTosHHOE MarHUTHOE IIOJIE, IIEPEMEHHOE 3JIEKTPUYECKOE I0JIe, PaBUTPOIUYECKas
peaxIysi, HarpaBJIeHHe KOpHEl, IMKIOTPOHHAs 4acTOoTa.
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