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INTRODUCTION

The electrical model of plant tissue is proposed as a system of speci-
fically connected resistances and capacitances (Hayden et al. 1969).
A simplification of this model should be a system consisting of only one
resistance and one capacitance connected parallelly. Some investigations
have shown that the resistance measured in plant tissues with a.c. is
a result of lithe resistance (R) and reactance X=I1/0C, where w—ZUj
(Beier 1968, Pilawski 1973).

By means of vector analysis (Fig. 1) and introduction of complex
numbers to the calculation we are obtaining a formula for parallelly
connected resistor and capacitor, called impedance (Z). A unit for impe-
dance is Ohm (1/). Measurements are often performed in inverted units
i.e. 1ZZ. This calles admittance (Y). A unit for this is one Simens (IS).
A model applied by Skierczynska et al. (1973a) proved to be very
consistent to the measurements on cell membranes of Characeae. There
are many data pointing to a dependance of electrical admittance (impe-
dance) of biological circuits on such factors as the kind of electrodes used,
frequency, .size and structure of the sample and physical factors such as

Fig. 1. Parallel combination of resistance (R) and capacitance (C) on complex
number plane in vector form, < — phase angle, tgqi=—0CR, i — imaginary unit,
ife=—1
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water and K+ and Na+ ions content in the sample and temperature of
the tissue (Hayden et al. 1960, Teske and Zajac 1971, Pu-
kacki 1979). A factor of highly significantly influencing the electrical
parameters of plant tissue is its vitality (Plater and Greenham
1959, Teske 1965, Van den Driessche 1972, T attar and
Blanchard 1976). Investigation of the electrical characteristics of
plant tissues permit a determination of changes in cell membrane perme-
ability caused by temperature or other stress (Ositerhout 1922,
Luyet 1932).

MATERIAL AND METHODS

Plant materiali. The investigation has been made on one-year
old shoots of Magnolia acuminata L., Magnolia kobus DC., and MagnoliaXxX
Xsouiangiana Soulange-Bodin. These Magnolias are growing in the Kor-
nik Arboretum. Shoots of M.Xsoulangiana were also collected from trees
from various places in Poland for one of the experiments.

Typical one-year old shoots, 12-16 cm long with properly formed

internodes were collected from the central part of the crown during the
autumn and winter.
Measurement of R, C, <), Y. Measurements of electrical resistance
and -capacitance in Magnolia shoots were performed by means of sinu-
soidal oscillation PW-9 and an oscilograph OG-2-21 served as a compen-
sation indicator. There was a voltage of 200 mV applied to the plant tis-
sue and the current passing through the sample was 10~5 A.

Admittance measurements, as well as those of -the phase angle and
of the real frequency function within the interval from 5 Hz to 500 kHz
were made by means of a BM-507 measuring device. The output voltage
for those measurements was 20 mV and the current ca 10“i A.

Other admittance measurements at a constant frequency (f=80 Hz)

were made with a <onductometer OK-102/1. Electrodes used for measu-
rements were 0.5 mm in diameter and 5 mm long fixed on a plexiglass
plate. Samples were kept during measurements wet in a polyethylene
bag. The temperature of the shoots was 20°C+,1°C.
Frost treatment. Magnolia shoots were placed into deepfreezers
type Grunland for freezing. The rate of cooling was 3°C/h. After being
kept -in a constant temperature for 24 hours they were defrosted again
with a similar speed 3 - 4°C/h. Temperatures of -the frozen ishoots were
measured with 0.2 mm Cu-constantan thermocouples and recorded. Frozen
shoots on which admittance has -been measured were put into wet sand
in climatic chambers (phytotron) in order to estimate their survival abi-
lity (Bialobok and Pukacki 1974). Browing of the tissues was
used as the criterion for rating damage.
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RESULTS
A. INFLUENCE OF VARIOUS ELECTRODES ON THE R, C, ¢ AND .Y VALUE

In the investigation of electrical characteristics of plant tissues great
care should be taken as regards the kind of electrodes used for measu-
rements., Gierurn and Zazula (1973) and Hayden et al. (1969)
applied chloridized silver electrodes for impedance measurement. Those
electrodes are considered nonpolarizable. In the majority of investiga-
tions performed on woody plants steel electrodes were applied (Wilner
1964, Van den Driessehe 1969, Gierum 1970, Skutt et al.
1972).

Three kinds of electrodes were used in the present work in order to
check their influence on electrical admittance of plant tissues. They were
as' follows: nidkel-plated steel, platinum, and chloridized silver (Ag/AgCl)
electrodes. The distance between the electrodes was always 1 cm.

Results presented in Table 1 show no differences between the admit-
tance measurements ,of Magnolia shoots done with the platinum or
nickel-plated steel electrodes. There is however a difference in the phase

Table 1

Admittance magnitude (¥) and phase :angle (%) for undamaged and dead Magnolia shoots
as a function of frequency using two different electrodes

Before freezing After freezing (dead shoot)
Frequency Pt Nickel-plated steel Pt Nickel-plated steel
[Hz] \% ff Y 9 \% f % P
LUS] LS] [gS] [9S]

80 18.3 - 15° 18.3 -11° 65.0 —25° 65.5 -17°

500 20.5 -8° 20.7 -8° 87.1 —ii° 86.6 -9°

1 000 215 -7° 21.6 -7 91.6 -8° 91.0 . —6°
5 000 235 -9° 23.6, -9° . 986 -5° 98.5 -5°
10 000 24.3 —11* 24.7 -11° 100.1 —4° 101.0 —4°

50 000 30.6 - 19° 31.0 -19° 105.1 -5° 105.9 —5°

Table 2

Resitance (R) and capacitance (C) of Magnolia shoots for three different electrodes at various
frequencies

Electrodes

Frequency Pt Ag/AgCI

[HZ] R c R c R c
[fi] [nF] [kR] [nF] (k5] [nF]
80 35.0 16.6 36.0 10.0 32.0 4.0
500 28.6 2.0 32.0 15 30.0 11
1000 27.0 11 30.0 0.9 28.0 0.8
5000 21.0 0.4 24.0 0.4 24.0 0.4
10 000 18.6 0.2 20.0 0.2 20.0 0.2

50000 15.0 0.01 16.0 0.01 15.6 0.01



222 P. PUKACKI

angle (%) at low frequencies. Those values are higher for platinum than
for nickel-plated steel electrodes. This difference increases after freezing
of the investigated shoots.

Measurements of resistance (R) and electrical capacitance (C) done
with three types of electrodes displayed some, differences (Table 2). C —
values obtained in measurements with platinum electrodes were higher
than with nickel-plated steel or Ag/AgCIl ones. Those differences occured
only at low frequencies of the applied current, between 80 Hz and
1000 Hz. Resistance did not change became of measurements with different
kind of electrodes. These results suggest that admittance values measured
with the nickel-plated steel electrodes could be influenced by capacitance
polarization. The chloridized silver electrodes however cannot be used

for a long time for admittance measurement in woody plants since they
decay rapidly.

B. THE EFFECT OF FREQUENCY ON MEASUREMENT OF R, C, ¢ AND Y

Figures 2 .and 3 present the results of resistance (R) and capaci-
tance (C) measurements plotted against the current frequency (f). Pla-
tinum electrodes were aplied. Measurements were done on shoots of
MagnoliaXsoulangiana. The data used were averages from three shoots
and three measurements on each. One can observe that a change of
frequency from 100 Hz to 100 kHz decreases the values of R and C.
The R value decreases much more in live tissue (unfrozen) than in
a freezing damaged shoots (Fig. 2).

The dependence of the shoot capacitance on the current frequency
(Fig. 3) was similar to that of the R(f) function. Capacitance decreases

Fig. 2. The plots of Magnolia shoots Fig. 3. The plots of Magnolia shoots
resistance R as functions of cur- capacitance (C) as functions of cur-
rent frequency. After freezing-dead rent frequency. Other wise as in
shoots (broken lines) and before Fig. 2

freezing (solid lines)
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with the rise of frequency. This decrease is most rapid at low frequencies
from 100 Hz to 1 kHz. Changes in capacitance due to damages in tissue
caused by low temperature are opposite to those in resistance. Non-
-frozen Magnolia shoots at 500 Hz of frequency showed a 0.001 pF capa-
citance While after being injured (frozen) a 5-fold increase of capacitance
occurred. At frequencies above 10 kHz the drop in capacitance was con-
siderably slower and the difference between sound and damaged tissue
was not so high.

Reciprocal comparison of capacitance and resistance (Fig. 4) depen-
ding on the degree of injury of shoots showed a high corelation (r=
=0.922). Values of R and C presented in Fig. 4. are from measurements
at 500 Hz. The more was the tissue damaged the less was its resistance
and a higher -simultaneous rise of its capacitance. The resistance of dead
shoots was below 12 ki1 their capacitance above 0.008 pF. Living tissues
had respectively over 25 ki1 and below 0.003 pF.

The resistance-capacitance model of plant tissues can also be investi-
gated by means of phase angle measurements This angle has been
presented in Fig. 5. plotted against current frequency. It is evident from
the obtained curves that the investigated biological system has a typical
capacitance character. Negative values of phase -angle are supporting
this opinion. They are lowest at 500 -Hz in a living shoot and-at 50 -kHz
in a killed (frozen) shoot. Above those values the phase angle increases
in both cases. Largest difference beeween the 9-a%gle of healthy and da-
maged Magnolia tissues occured at a frequency of 50 kHz. It was 9=
=—20°C and 9=—5°C in the living and in the killed shoot respectively.

1
dead "iINJURy! ALIVE

Fig. 4. Comparison of resistance (R) Fig. 5. The plots of Magnolia shoots

and capacitance (C) in Magnolia phase angle (9) as functions of cur-

shoots as related to freezing da- rent frequency. Otherwise as in
mage of tissues Fig. 2
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f(HZz)

Fig. 6. The plots of Magnolia shoots admittance (¥) as functions of current
frequency after exposure to —25°C and —196°C (liquid nitrogen) freezing tests,
C — unfrozen control

Changes in admittance value (Y) in Magnolia shoots depending on-
current frequency (f) are presented in Fig. 6. Nickel-plated isteel electro-
des were used for this experiment. It resulted in an increase of Y in Mag-
nolia shoots when the frequency changed from 10 Hz to 0.5 MHz. The
increase was most rapid within the interval of low (10 to 500 Hz) fre-
guencies. The more was the shoot 'injured by frost the faster was the
increase of admittance in this range of frequencies.

C. THE EFFECT OF GEOMETRY OF A SAMPLE ON Y MEASUREMENT

1. Influence of the distance between electrodes.
This influence has been checked at 80 Hziwith nickel-plated steel elec-
trodes stuck into the shoot (Fig. 7).

It has been established that the admittance value decreases with an
increase of the distance between electrodes. This influence of distance
on the decrease of Y was higher in damaged tissues. The largest dif-
ferences of admittance values between the living and injured tissues we-
re observed at short (0.5 cm and 1.0 cm) distances.

Fig. 7. Dependence of admittance (Y) on the interelectrode distance of Magnolia
kobus shoots. After freezing in —30°C (broken lines) and before freezing (solid lines)
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Table 3
Admittance values of Magnolia shoots at different diameters, before and after freezing

Electrical admittance

No. of internodes * Before freezing After freezing
[mm] Y y X y
[0S] [uS/mm2] DIs] Os/mm2]
1 2.27 11.50 2.8 41.9 10.3
2 2.6« 13.90 2.4 51.6 9.1
3 3.00 15.85 2.2 55.6 7.8
4 3.27 16.00 19 50.5 6.0
5 3.50 16.35 17 47.3 4.9
6 3.72 17.40 1.6 47.4 4.3
7 3.99 19.80 15 48.0 3.8
8 4.28 20.95 14 47.0 3.2

Y — values of the shoot admittance, y — unit admittance calculated for shoots area, d — diameter of the shoots,
* — mean values obtained for 10 shoots.

2. Influence of the diameter of shoot. Relation between
the admittance in Magnolia kobus shoots and their diameter is given in
table 3. Measurements were done on shoots with niokel-plated steel
electrodes 4 mm of length and distanced 7 mm. Current frequency was
80 Hz. Results obtained point to an evident influence of shoot diameter
on the measured admittance in unfrozen control shoots. The correlation
coefficient was here r=0.986. There was however no such relationship
for measurements of admittance done of shoots frozen to —30°C, r=
=0.005. The unit admittance (y), calculated from the formula: y=
=Y 'Sl [«Stmm~2] (where S is the area of cross section of the shoot)
decreased with the increase of diameter, both in unfrozen and in frozen
shoots.

D. INFLUENCE OF THE KIND OF TISSUE

One-year old shoots of Magnolia Xsoulangiana 'Amabilis’ were cut
into two sections. The upper one was subjected to -—30°C for 24 hours.
The lower section was split along its axis in two parts and the electrical
admittance was measured with nickel-plated steel electrodes at 80 Hz
frequency. First measurement was made immediately after the splitting
of the shoot followed by several measurements after removal of subse-
quent layers of tissue (bark, cambium and xylem). .On the frozen section
measurements were performed .in the same way. Result presented in
Fig. 8. are average of measurement made 5 shoots, three measurements
on each.

Particular .tissues have a different influence on the admittance value.
It was largest for bark and xylem. The difference between the admittan-
ce value of a sample with cambium and without it was low (3 iiS —
Fig. 8). This small influence of .the cambium on the current conducting
layer within the shoot. During the winter rest period the layer of cam-

15 Arboretum Kornickie
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Fig. 8. The contribution of bark, cambium, xylem and pith in admittance of
Magnolia shoots

bium in Magnolia shoots is very thin in comparison to other .tissues. On
the other hand in shoots treated with low temperatures the highest par-
ticipation in total admittance was due to cambium. After the removal of
this tissue admittance dropped from 183 pS to 10.7 pS. Differences in
admittance between the unfrozen control and frozen xylem and pithy
tissue were however slight.

E. ROEe OF THE WATER CONTENT IN SHOOTS

It has been investigated in Magnolia X soulangiana 'Amabilis’ shoots.
One-year old shoots were slowly drying outdoors. Their admittance we-
re measured simultaneously with a check of their water content (by

Fig. 9. Relationship between moisture content of Magnolia shoots and admittance.
Means for 20 shoots, Y at 80 Hz

means of weighing). According to the data obtained admittance decrea-
sed with a drop in water content (Fig. 9). When this content was about
50% of fresh weight, the average admittance was 20 pS. It decreased to
a half of that value when the water contentiwas decreased to 40%.
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F. K+ AND Na+ IONS IN THE SHOOTS

Role these ions in the admittance of plant tissue was investigated
on Magnolia X soulangiana shoots. The content of K+ and Na+ in them
was determined photometrically with the method given by Humph-
ries (1956). Admittance was measured with nickel-plated steel electro-
des at 80 Hz. Prior to determination of the influence of those ions on
the Y value in shoots their content of potassium and sodium in particu-
lar tissues was measured (Fig. 10). It has been established that greatest
amount of those elements is in bark and cambium, and the lowest in
xylem and pith.

An analysis of the influence of potassium and sodium on the admit-
tance of unfrozen and frost injured Magnolia shoots based on the above
results was done. They were collected from 47 specimens of M. X sou-
langiana planted all over the country. Due to the fact that over 80% of

Fig. 10. Percentage content of potassium and sodium in different Magnolia shoot

tissues
40r A
20-
y=23.4+76.0x
_ 0
tn
360 B *
40
20
y:24.0+41.3xr_o
°( 0,02 0(04 0,06 0(08
Na
Fig. 11. Effect of potassium content Fig. 12. Effect of sodium content in
tn barik tissues on the admittance bark tissues 'on the admittance of
of Magnolia shoots. A-before freez- Magnolia shoots. Otherwise as in
ing, B-after freezing to —30°C. Fig. 11

Each potat iS an average for one
individual

15»
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the investigated elements are contained in bark and cambium (Fig. 10),
analysis was limited to these two kind of tissues. There are averages ob-
tained from measurements of 10 shoots. Admittance was measured also
on 10 shoots, there -placed on each, both before and after frost treatment.

Results showed the significant influence of K+ and Na+ content in
Magnolia tissues on the measured admittance in non-frozen shoots (Fig.
11, 12). This influence was much more in shoots frozen in —25°C. Re-
gression lines present this dependence. An increase of admittance with
an increase in the potassium and sodium content -in the investigated tis-
sues can be observed.

DISCUSSION

Knowledge of the influence of physical factors on the electrical pa-
rameters of plant tissues is of great importance. It enables an expansion
of the practical applicatin of the results of electrophysiological studies.
An interpretation of the experimental results is often very difficult to
the physicochemical structure of plant tissue which is extremly compli-
cated. An adequate electrical model of both plant and animal tissue has
been -elaborated yet in form -enabling proper conclusions.

Several -electrical parameters of Magnolia shoots have been presented
in this paper in relation to the destruction caused by low temperatures.
Obtained results indicate some influence of the polarization of electrodes
on the measured admittance value (Table 1 and 2). One of the theories
explaining the error in admittance measurements caused by this polari-
zation is the Stern theory of doubled -electrical layer. This layer on
a metalic electrode works like a condensator. The resistance and reac-
tance: of such a condensator determining the admittance of electrodes.
Glaser (1975) determined the -specific capacitance of -a platinum elec-
trode immersed in a biological solution for ca 20 pF at-1 kHz frequency.
According to S-lyn ko (1972) the polarization of -electrodes is mostly
expressed at low frequencies. Formulae given by him determine the
polarization capacitance and polarization resistance of electrodes as fol-
lows: Ca=\.//Jw, Ra—y/iJw, where Ca and Ra are the polarization capaci-
tance and resistance respectively, - — is a constant value, co=277f. The
chloridized silver electrodes show -the lowest capacitance polarization and
they -could be best for -lignified tissues if they were not susceptible to
mechanical injuries during measurements. On the basis of results of this
study as well as according to some literature data (Gl-erum and Za-
zu la 1973) -it could be -suggested that the influence of nickel-plated steel
electrodes on the admittance measurement due to their polarization was
small and non significant. When very exact measurement are needed an
application of nonpolarizing electrodes (e.g. Ag/AgCl) seem reasonable.
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Appropriate frequency of the applied current is essential for the ad-
mittance measurements in Magnolia shoots. With the rise of this (f) the
resistance (R) and capacitance (C) of the shoots are decreasing. Similar
relation was observed in some Algae (Skierczynska 1969, Skier-
czynska et al. 1973a, i1973b). Changes of resistance and capacitance of
biological objects depending on frequency are explained in the above
related papers with the relaxation processes to which the proteine mole-
cules, ions and entire cells are subjected in a changing electric field.
This way every cell become a large ion dipole (Pilawski 1973). Accor-
ding to the assumption of Hayden et al. (1969) a plant tissue could
be simplified to an analogous RC circuit. This kind of circuit shows an
evident dependence of its admittance components Y—G+B i.e. the ac-
tive (G) and passive (B) conductance, the frequency since both include
the cycle frequency (w), (SKkierczy nska et al. 1973a). The increment
of admittance happened when the frequency rose both in sound and
frost damaged tissues. A great increase of the admittance in frozen
shoots at low frequencies was caused by the injures of cytoplasmatic
membranes and by the rise of electrolyte concentration in the cell wall
channels. The cytoplasmatic membranes in living tissues are a hard im-
pediment for a low frequency. current due to their high capacitance,
determined for ca ! pF. Disappearance of the typical dependence of re-
sistance on the frequency in killed tissue (Fig. 2) suggests that the cur-
rent can pass also through the protoplasm of cells in damaged shoots.
Similar observations were done .in Acer, Quercus and Pinus tissues da-
maged by fungi (T a1l ar 1974). According to them it was connected to
an increase of ion mobility and concentration.

The plant tissue admittance presents an evident dependence on the
sample size which could be approximately written in a formula: Y—
=y Si1L-1, where S is the cross section area of the shoot sample, L is
its length and vy is the specific admittance of the sample.

The established influence of shoot diameter on admittance value
must be connected among others to the thickness of particular tissues.
The current is conducted in uninjured normal Magnolia shoots mostly
by xylem. It shows the lowest resistance to the low frequency current.
It is due to the construction and composition of cells. adapted for water
and mineral salts transport. The cambium tissue is a relatively thin layer
of cells during the winter dormancy and has a little importance for the
entire conductance of the shoot. In shoots damaged by low temperature
a considerably higher increase of bark and cambial admittance is obser-
ved than in the xylem. This supposition is justified by the observed
strong damages of these tissue in Magnolias (Biatob ok 1974). .

lons are emerging from the frost damaged cells to the adjacent
areas. It has been proven by Van den Driessche (1969) that the
amount of K+, Ca2+ and Mg2+ ions getting outside was proportional to
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the degree to which the tissue was injured by frost. There was only
a slight influence of the K+ and Na+ ions concentration on the admittan-
ce value in unfrozen shoots established in .the present paper. A higher
influence however was observed far potassium in frozen shoots (r=
=Qj57, Fig. 11). This observation can be explained by the fact, that fewer
ions are taking part in current conductance in healthy tissue since the
way of the low frequency current 80 Hz does not lead through the cell
inside (H.ayden et al. 1969). An evidently higher potassium and sodium
content in ixark and cambial tissue than in xylem should be also of im-
portance with respect to that.

The ion dissociation and mobility (K+, Na+) depends essentially on
water relations. A decrease of water content in the tissue of 5% causes
a 30% drop of admittance as related to the value measured before the
loss of water. It is obvious that water as the electric load bearing medium
has essential influence on admittance in Magnolia shoots.

The hydrogen and hydroxy ions concentrations in plant tissues have
however less influence on electrical resistance (Tat tar .et al. 1972).
Temperature influences the dissociation and mobility of the ions i. e.
also the admittance of the shoots. It rises with the arise of temperature
(Pukacki 1979).

It can be concluded on the basis of the investigation related above
that there are many factors influencing thei value of plant tissue admit-
tance. Howe'veir use of the admittance measurements for the estimation
of the degree of shoot damages caused by frost in woody plants should
be realiable. Howel™ it is necessary to create constant conditions for
those measurements as regards humidity, temperature, shoot diameter
(with some tolerance), distance between electrodes and an adequate
(low) frequency between 50 -1000 Hz. When those recommendation were
observed a high correlation of the admittance value of the shoots with
their frost resistance has been found (Bi.al ob oik and Pukacki 1974,
Pukacki 1978, 1981).

SUMMARY

Investigation on several electrical parameters of plant tissues were
conduced .on one-year old shoots of two Magnolias: M. X soulangiana
and M. kobus. The resistance (R), capacitance (C), phase angle (jp) and
admittance (Y) have been determinated depending on: 'the kind of elec-
trodes 'used, a.c. frequency (f), sample size, kind of tissue and water and
K+ and Na+ ions content with respect to the injures made by low tem-
perature.

1. It has been observed that the effect of polarization of the resistan-
ce and capacitance values of shoots appears in the interval of low
frequencies (80 - 500 Hz). As concerns admittance however, no differen-
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ces between the values obtained by means of the nickel-plated steel and
platinum electrodes were found.

2. The resistance (R) and .capacitance (C) of Magnolia shoots decrease
when current frequency rises. In frozen damaged shoots the .capacitance
is 5 times as high as in the -unfrozen ones. As concerns R the result is
invented: there is a considerable decrease of R in damaged shoots with
a simultaneous -lesser .influence of frequency on resistance. The Y(f)
function (admittance) rises with a rise of frequency and degree to which
the shoot was damaged by frost. The big decrease of resistance or incre-
ase of admittance in shoots injured by freezing is caused by the damage
of cytaplasmatic membranes -and a connected to that increase of elec-
trolyte concentration in cell wall channels. The negative of the phase
angle (—<p) obtained in the course of the experiments point to a capaci-
tance character of the investigated biological system.

3. It has been shown that admittance decreases with the extention
of the distance between -the electrodes. The influence of the sample
diameter was opposite. The movemerit of ions in.plant tissue is influen-
ced not only by the sample size but also by the structure -of the tissue.
The largest admittance in sound tissue was in bank and xylem and in
frozen tissue in the cambium.

4. An increase of water and K+ and Na+ ion content in the tissue
increases the admittance. The influence -of potassium -and sodium on the
Y-value was more significant in the frozen shoots than in the unfrozen
ones.

I wish to thank Dr. H. Faber for his help in ions analyses.
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PAWEL PUKACKI

Wptyw uszkodzen mrozeniowych peddéw magnolii na parametry im-

pedancji

Streszczenie
Badania nad poznaniem niektorych parametrow elektrycznych tkanek roslin-

nych prowadzono na jednorocznych pedach trzech magnolii: Magnolia acuminata L.,
MXsoulangiana Soulange-Bodin i M. kobus DC. Okre$lano warto$¢ oporu wiasci-
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wego (R), pojemnosci (C). kata przesuniecia fazowego (tp) i admitancji (Y) pedéw
w zaleznosci od: rodzaju elektrod pomiarowych, czestosci pradu (C), wymiaréw
probki, rodzaju tkanki i zawartosci wody i jonéw K+ i Na+, na tle zmian destruk-
cyjnych wywotanych niskg temperatura.

1. Stwierdzono, ze polaryzacyjny wptyw elektrod' na warto$¢ oporu i pojem-
no$¢ pedéw wystepuje w zakresie niskich czestosci (80 - 500 Hz). Natomiast w przy-
padku admitancji nie stwierdza sie réznic miedzy warto$ciami Otrzymanymi przy
pomocy elektrod stalowych niklowanych a platynowych.

2. Opér (R) i pojemnos¢ elektryczna (C) peddéw magnolii maleje wraz ze wzro-
stem czestosci C), przy czym w pedach uszkodzonych na skutek mrozenia pojem-
nos$¢ jest wyzsza (pie¢ razy) niz w zdrowych. Natomiast w przypadku R jest od-
wrotnie, uszkodzone pedy wykazujg silny spadek oporu przy jednoczesnym mniej-
szym wplywie czestosci na R. Funkcja Y(f) wykazuje wzrost admitancji przy
wzroscie czestosci pradu i stopnia uszkodzenia mrozeniowego pedéw. Silny spadek
oporu (R) czy tez wzrost Y przemrozonych pedow spowodowany jest uszkodze-
niem blon cytoplazmatycznych i zwigzanym z tym wzrostem stezenia elektrolitow
w kanatach $cian komorkowych. Otrzymane ujemne wartosci kata przesuniecia
fazowego (<p wskazuja, ze badany obwdd biologiczny ma pojemnosciowy charakter.

3. Wykazano, ze wraz ze wzrostem odlegtosci miedzy elektrodami admitancja
maleje, natomiast wptyw Srednicy jest odwrotny. Oprocz wymiaréw prébki na
ruch jonéw w tkankach ma roéwniez wplyw ich budowa. W zdrowych tkankach
najwieksze przewodnictwo wykazujg tkanki kory i drewna w przemrozonych kam-
bium.

4. Stosunki wodne i jonowe w tkankach w istotny sposéb wplywaja na prze-
wodnictwo elektryczne. Wzrost zawartosci wody i jonéw K+ i Na+ w tkankach
zwieksza admitancje. Wplyw stezenia potasu i sodu na Y jest bardziej istotny
w pedach przemrozonych niz w zdrowych.

MABENT MYKALKW

BnvaHne noBpexkaeHus Nno6eroB MarHonmm MOpPO30M
Ha BENNU4YMHYy KnmMmneaaHca

Pe3tome

VccrneoBaHns M0 M3YYEHMIO HEKOTOPbIX 3MEKTPUYECKUX MapaMeTpoB  PacTUTENbHbIX
TKaHell GblNn BbINOMHEHbI Ha OAHONETHWX Moberax Tpex marHoawiA* Magnolia cuminata L.,
M. soulangiana Soulange-Bodin n M. kobus DC. Onpegensnm 3HaueHWe YAenbHOro
conpotueneHus (R), emkoctu (C), yrna hasoBoro nepeaswdkeHus (<p) u agmmtaHca (Y)
no6eroB B 3aBUCHMOCTM OT: BMAA M3MEpPUTE/bHbIX 3NEKTPOAOB, yacToTbl Toka (f), pasmepos
obpasua, BMAa TKaHW W cofdepaHus B Hell Bogbl M MoHOB K+ u Na+, Ha (hoHe gecTpyk-
TUBHbIX W3MEHEHUIA BbI3BaHHbLIX AEVICTBMEM HU3KUX TemMnepatyp.

1. HaiifieHo, 4TO MOMAPW3ALMOHHOE BAKSAHWE 3/IEKTPOAOB Ha 3HAYeHWEe COMPOTUBIIEHWA
W eMKOCTM MposBAseTC y noberoB B AuanasoHe HM3kux yactoT (80 - 500 Hz). B cnyuae
afMMTaHCa He BbISB/IEHO Pa3NNuuii MEXAY 3HAYEHWAMM MOYYEHHbIMU C MOMOLLLIO CTa/lbHbIX
HUKENMPOBaHHbIX W MNATMHOBLIX 3/1EKTPO/O0B.

2. ConpotueneHue (R) W anekTpuyeckas emkocTb (C) noGeroB mMarHoAMM yMmeHbLUaeTcs
no mepe pocta yactoTbl (f), npuyem B moberax MOBPEXAEHHbIX B Pe3ynbTaTe 3aMOPaKU-
BaHMS €MKOCTb B MSATb pa3 Bblle,- YeM B KOHTpone. B cnyvae R Hao6opoT, noBpexaeHHble
nobery XapakTepusyrtoTCsi 3HauWTeNlbHbIM MafeHWeM COMPOTUB/IEHWUA MPU  OLHOBPEMEHHOM
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MEHbLUEM BUSHUKM 4YacToTbl Ha R. ®dyHkums Y (f) nmogTeepkpaeT pocT agmmTaHca npw
YBENMYEHNN YacTOTbl TaK W CTeMeHW MOBPEXAEHWUS NOBGEroB MOPO30M. 3HauMTeNlbHOe NafieHue
conpotusneHns (R) mam pocT Y NpOMOPOXEHHbIX MOGEroB SBNSETCA CNEACTBMEM MOBPEX-
JEHU LMTONNa3MaTUYECKUX MeMOpaH W CBS3aHHbIM C 3TWM POCTOM KOHLEHTPaLUUW 31eKTpo-
NINTOB B K/IETOYHbIX CTEHKaxX. [lofyyeHHble OTpuMLaTe/bHble 3Ha4YeHUs yria ha3oBOro ne-
peaBukeHus (<)) YyKasblBalOT, YTO uccredyemas OMonormyeckas LUenb WMEeT 06bEMHbIN
XapakTep.

3. Bblno foKasaHo, YTO MO Mepe pocTa pPacCTOSATH MexAy 3/eKTpoLaMu, 3HaueHue
ajMMTaHca YMEHbLLAeTCs, B TO BpPeMs, Kak AuMameTep OKasblBaeT o6paTHoe BAusHME. Kpome
pasMepoB 06pasla Ha [BWKEHWE MOHOB B TKaHSX OKa3blBaeT TakKXkKe WX CTpoeHue. ‘B 340-
POBbIX TKaHsSX Camoii GOMbLUOA MNPOBOAMMOCTLIO XapaKTepU3YHOTCA TKaHW KOpbl W ApeBe-
CUHbI, @ B NMPOMOPOXEHHBIX Kambus.

4. CopgepxxaHvie B TKaHSIX BOAbl W MOHOB CYLLECTBEHHbIM 0OpPa3oOM BAWSET Ha 3MEKTPO-
NpoBOAHOCTb. PocT coaepkaHus Bogbl W moHoB K+ u Na+ B TKaHX YBENMUMBAET afmMu-
TaHe. BAMsHME KOHUEHTpauuMu Kanms W HaTpus Ha Y 6onee CyLeCTBEHHO B NMPOMOPOXKEH-
HbIX MoGerax, Yem B 3[10POBbIX.
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