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The results of research of the effect of magnetic field on the transport of
ions in plant cells are shown. The interrelation between the changes in the
concentration of ions in the plant cell with magnetic treatment and magnetic
field parameters has been established.
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Pre-sowing treatment of seeds makes it possible to raise agricultural
crops Yyield, to reduce plant disease incidence and increase agricultural prod-
ucts quality.

To implement the technology of magnetic treatment of seeds it is neces-
sary to reveal the mechanism of magnetic field effect on seeds, which will al-
low to determine optimal modes of processing. For this purpose it is necessary
to research effect of magnetic field on ions transport in plant cells.

The purpose of research - study the effect of magnetic field on
transport ions in the cells of plants

Results of research. It is currently believed that transport of nutrients
into the cell involves two autonomous mechanisms — passive movement of
substances along electrochemical gradient and their active transport against
electrochemical gradient. Since ions are electrically charged, their distribution
between the cell and its environment is defined both by potential difference
and concentration difference. These two values are commonly designated as
electrochemical gradient.

If a membrane is placed between solutions with different ions concentra-
tion, diffusion potential emerges, whose value is determined by the Henderson
equation [1]:

RT Ug-VD-WUz-Vp) - uf+v{ (1)
Fuf-v{)-wuh-vl) ub+vs
where R is universal gas constant, J/mole'K; T — solution temperature , K; F —

the Faraday number, C/mole;
U1(2) =Z(C4v4)1(2) 5 V1(2) =Z(C-V_)1(2);

U{(z) =2(C124v1)1(2); V1/(2) = 2(C_z_v_)1(2)
where C,,C. — concentrations of cations and anions correspondingly, mole/m®;
V., V- — velocity of cations and anions movement, m/sec, m/c; z,, z- — valence
of cations and anions; index 1 refers to ions in solutionl, index 2 — in solution
2.
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Diffusion potential is responsible for ion movement through phospholipid
membranes in plant cells.

lons are formed in the process of salts and ac-ids dissociation due to
chemical reaction:

z z
- + -
Kg+Ag_ =¢, K+ +g AT,

In the process of dissociation one molecule produces ¢+ cations with va-

lence z+ and ¢- with valence z-. Let us denote the product of these valuesby [3:
/3=g+2+ =§_Z_. (2)

Part of molecules that have been broken down to ions, is determined by
the degree of electrolytic dissociation [2, 3]:

n_ 3)
N,C
where n — number of molecules having broken into ions; Na — Avogadro’s
number, molecules/mole; C— molar concentration of substance, mole/l.

Under the effect of diffusion potential, ions start ordered motion generat-
ing electric current I. Current intensity is equal to the total charge of positive
and negative ions passing through the membrane pores per unit time.

It is the ions that are at the distance not exceeding their motion speed,
notably in the volume v;a?, that will pass through the membrane per unit time.
Then current intensity will amount to:

Kk
_ 22y 7. a2y 7. (4)
I_igl(nl+a Vi, Zj, e+nj_a Vi zj e),
where e — elementary charge, C.
When in motion, ions are affected by forces of electric field Fe, friction
F.m and interaction be-tween ions and solvent molecules F¢[2]. In accordance
with the Newton’s second law we get:
dVi
mi — =
dt

a =

F ~F, (5)

e ~Fmi Py
where mi— ion mass, Kkg.
Electric field strength is determined by the formula [2]:
Fei = zjeE = zjegrade. (6)
Forces of friction and interaction among ions are directly proportional to
speed [2]:

le = kmivI (7)
ng = k6[ Vi ) (8)
where k,, and ks~ coefficients of friction and ions interaction, N'c/m, corre-
spondingly.
Inserting (6), (7), (8) into the equation (5), weget:
dv;
m; d—t' = zjegradp —ky,. Vi —Kg, Vi. ©)

Having solved (9), we obtain the equation of ion motion:
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| — i iy (10)
Vizi.egraco 1-¢ M

+k
m; 76

As coefficients of friction and ions interaction by far exceed ion mass, we

kmi +k6i
Ly
can neglect the value e M [2] and consider that ion is moving with uni-
form speed
. _Ziegrado (11)
'k, ko
1 1
At gradep=1 V/m and k=0 ion is moving with absolute speed [2]:
WL (12)
K.

1
Interaction between ions and molecules can be considered with the use
of electric conductivity coefficient:

fi oy . (13)
kmi +k6i
Then speed of ion movement will be definedby the expression:
Vi :vio figrade. (14)

Substituting the expression for speed of ion motion (14) in the equation

(4), we shall obtain:
k

=X (n a2\0 f; zj egradp+n; a2\/o f; zj egrade). (15)

=1+ M - =T

As the Faraday number is determined by theexpression
F=eN,, (16)
the formula (15) can be written in the following form:
2 K
|=7a Fgrady > (ni V.0 fi Z; +0; Vp fi Zj ). (17)
Na  j=1 * 0 v+ L0

In the process of dissociation one molecule produces ¢+ cations and ¢-
anions, therefore
ni+ :gi+ ni;ni_ =Gi_ nj. (18)
Substituting the expression (18) into the membrane pores area and de-
gree of electrolytic dissociation are increased.
When in motion, ions are affected by forces of electric field Fe, friction
F., interaction between ions and solvent molecules Fzn and Lorentz force F,.
In accordance with the Newton’s second law of thermodynamics for normal ve-
locity component we get:
av,.

) i _ _ _ (21)
m; e Fei Fmi ng,
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or
dv..

X
m; Ttl = zje gradp—k,. Vi —Keg, Vj- (22)

If we neglect coefficients of friction and ions interaction [2], the solution
of the equation (22) will be:

Vy :vaigrad(p. (23)
Correspondingly, for tangential component we get:
dv
CYi_g g (24)
m'T_Fﬂi Fmi ng,
or
dv
R : _ 25
m'TI:Z'eBV_kmi Vi —Kg; Vi (25)
Having solved the equation (25), we get:
Vy, :vio f;Bv. (26)

Per unit time through membranes pores whose area will increase under
magnetic field effect and will amount to (a+K,gradB)?, those ions will pass that
are in the volume (Fig. 1)

Vi=aSpgcD =in (a+ KMgradB)2 +;K8Vyi (a+K,,gradB)grade, (27)
whereKs— coefficient of proportionality between distance that ions pass and the
gradient of diffusion potential, m?/T.

a+KugradB

N : 7

A PR =

Vx

g () c - . h

Fig. 1. The diagram of ions motion through the membrane

Under the effect of Lorentz force, ions that are in the CDF area (Fig. 1),
will move to the DEG area where concentration will increase. Therefore, it is
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advisable to change the direction of magnetic field action for these ions to
pass the membrane. In this case ions that are in the following volume, will
pass through the membrane:

Vo =Vy; (a+ KMgradB)2 +1f<,<1’<6vyi (a+K,,gradB)grade, (28)

where K, — coefficient considering the number of ions remaining in the DEG
area, of their total number that have moved from the CDF area. In the general
case coefficient K, is in the range from 0.5 to 1.0.

Intensity of current passing through cell membrane under the effect of

magnetic field will amount to:
K
| = i gl(nuvxi+ (a+K,,gradB)(a+K , gradB+ KKKeVyi+ gradp)z. e+ (29)
+ ”i_in_ (a+K,,gradB)(a+K, gradB +K1<K3Vyi_ gradw)zi_ e).

Substituting the expressions for component of ions motion speed (23)
and (26) in the equation (29), we get:

k
| = . 21(”i+vi0+ fi+ (a+K,gradB)(a+K , gradB +I<KKng)zi+e grade + (30)
|1 =

+ ni_vi0 fi (a+K,,gradB)(a+K, gradB+ K, K Bv)z; egrady).

Under the effect of magnetic field concentration of mineral elements that
enter plant cells, is changed. The speed of changing ions concentration will be
defined by dependence following from the expression (30):

dn:

f = nilvio fi(a+K, gradB)(a+K gradB + K, K,Bv)grade, (31)
where n;, - number of ions that have moved from the solution 1 to the solution
2.

In this case the change of ions number in the solution 2 will be:

t06p 0 32
Ani2 = ({ N, Vi fi(a+K,,gradB)(a+K , gradB + K, K ,Bv)grade dt. (32)

If magnetic induction is changed along seeds motion trajectory, for peri-
odic magnetic field [4]
gradB = Z—B, (33)

T
wherer— pole pitch, m.
In this case the number of ions in plant cells will increase by the value

2K, B, 2K,B 1
ang, =i, v fi(a+ 2@+ +5 KK BN y7)grade, (34)

where t,,— time of seeds processing in magnetic field, c; N,— number of mag-
netic reversals.

Considering (3) and (18) the expression (34) can be written in the follow-
ing form:

2K,,B 2K,,B 1
TM Y((a + %)to@ + K KgBN,t)gradp.  (35)

Change of ions concentration in the solution 2 will be defined by the de-
pendence:

0
Aniz = Qj NaCilgiVi fi (a+
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(36)

0 2K,,B 2K, B 1
ACi2 =Ci1Vi fi (a+ KMgradB)(a+ . Y(a+ : )to6p+EKKKgBNnT)grad¢.

As the time of seeds in magnetic field is
I N,z 37
togp =, = (37)
where | — the path that seeds pass in magnetic field, m,
the expression (36) will have the following form:

2K B.a 2K,B 1
ACi, =CipW fiN,r(a+ =23+ 551 L e Bygradg. (38)

Conclusions
Under the effect of magnetic field current passing through plant cells
membranes, intensifies. Current intensity depends on diffusion potential, gra-
dient and value of magnetic induction, as well as the speed of seeds motion in
magnetic field.
This leads to increased concentration of mineral substances involved in
chemical reactions, thus increasing their speed.
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HasedeHo pe3ynbmamu O0CniOXeHb ernugy MazgHimHo20 1o/ Ha
mpaHcriopm IOHI8 y KrimuHi pociiuHU. BcmaHoerneHo 83aeM038'A30K 3MIHU
KOHUeHmpauii ioHi8 8 KIimuHi poCruHU rpu MazgHimHit obpobui i napamempie
MagzHimHoz20 roJis.

MazHimHe nosnie, MacHimHa iHOyKyisi, 2padieHM Ma2HImMHO20 MoJisi,
weudkicmb ioHie, KOHUeHmMpauisi ioHie.

[pusedeHbl pe3ynbmambi uccriedogaHul 8IUSHUS MagHUMHO20 1015
Ha mpaHcropm UOHO8 8 Krlemke pacmeHul. YcmaHoserieHa 83aumMocesidb U3-
MEHEHUSs1 KOHUeHmpauyuu UOHO8 8 KriemkKe pacmeHUs rnpu mazHuUmHdou obpa-
bomke u napamempos8 Maz2HUMmMHoO20 MoJisi.

MazHumHoe none, MacHUMHasi UHOYKYUsl, 2padueHm Ma2HUMHO20
noJsisi, CKopocmsb UOHO8, KOHUYeHmpauusi UOHO8.
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