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INTRODUCTION

The experiments carried out in our laboratory on the biopotentials of
coleoptiles of Avena sativa L. and other higher plants (12, 13, 14, 15)
have given results similar to those obtained by other workers (4, 5, 3,
6, 7, 8, 9, 10, 11, 16, 17).

The following problems have been directly related to biopotentials:
the distribution of potentials in coleoptiles, the polarity of coleoptiles and
the geoelectric effect.

It seems that the coleoptiles — which have been the standard material
in physiological research — are not suitable as research material in ele-
ctrophysiological experiments because of their weak reaction to stimuli.

In works related to action potentials in plants there is a very consi-
derable similarity as far as the amplitude is concerned while the wide

range of frequencies from 1/hour (5) to 1/min (18) and 1/sec (1) having
been found.

Irregarding the time scale the shape of the curves was always similar.
This shape is also very similar to the curves obtained at the stimulation
of nerves, although with nerves the order of 1 to 10% Hz and the ampli-
tude is of the order of 102 uV to 100 mV. In the present work the resting
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and action potentials of Lupinus angustifolius L. have been observed. The
plants were stimulated electrically by square current pulses of 9 V for
30 sec or chemically by diethyl ether.

MATERIALS AND METHODS

Plant material. The research was carried out on 16-day old plants of
Lupinus angustfiolius L., variety Wielkopolski, crop 1970. The lupin seeds were
placed in Mitscherlich vessels and incubated under stable conditions of light, tem-
perature and humidity. Sixteen-day old plants were placed separately in test
tubes with Knopp nutrient (the roots sumberged) and placed in the measuring
chamber.

Apparatus. The block-diagram of the apparatus in shown in Fig. 1A.

Electrodes. Calomel, nonpolarizing, liquid-contact electrodes were used,
Fig. 1B.

Method. The potentials differences were measured after three hours of
adaptation in the measuring chamber. Three modes of measurement were perfor-
med: a) potential of plants in a normal, i.e. nonstimulated, condition, b) poten-
tials of plants stimulated chemically, c) potentials of plants stimulated electrically.
The potentials of plants in a normal condition were measured in order to obtain
a base for the experiments b) and c¢). The chemical stimulus was given in the form
of a tampon of cotton woll soaked in diethyl ether. The tampon was placed on
the upper end of the shoot, about 14—16 cm above the electrode 1, Fig. 1C. We
assume that the moment when the tampon was applied was the beginning of
the stimulation period. The tampon remained on the plant until action potentials
ceased to be registered, i.e. after about 30—45 minutes. It was not possible to
determine the end of the period of stimulation because of the rapid evaporation
of ether.

Action potentials related to chemical stimulation were also measured in
a modified way using the three-channel recorder. Such an arrangement allowed
for the continuous measurement of potentilas (every three seconds) at three points
on the shoot, Fig. 1 D. Action potentials related to electrical stimulus were mea-
sured by introducing a separate stimulating system isolated from the measuring
system (Fig. 1 A and 1E).

In each of these experimental series 15 plants were examined. Every expe-
riment lasted 12 hours from 8th hour to 20th hour.

RESULTS AND DISCUSSION

The measurements of the potentials showed that nonstimulated plants
were characterised by noticeably stable values during the 12-hour measur-
ing period. The potential values measured were different in separate speci-
mens and fluctuated within the limits of —80 to +50 mV with 2/3 of the
results lying within the limits of —10 to —40 mV. One of the characte-
ristics curves of resting potentials can be seen in Fig. 2 A. This was
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A -— Block-diagram of the apparatus; 1 and 2 — calomel electrodes, 3 -— chamber,
4 — amplifier (I, =101Q), 5 recorder
B — Diagram showing the contact of the electrode with plant; 1 — calomel ele-
ctrode, 2 — glass tube filled up with 0.1% KCl, 3 — the camel wool pinsel wet
with 0.1% KCl insuring liquid contact with plant, 4 — the plant
C — The way of the application of a chemical stimulus. 1 and 2 — calomel ele-
ctrodes distant 6 cm, 3 — cotton wool tampon impregnated with ether

D — The way of the application of a chemical stimulus using the 3-channel re-
cording apparatus. 1, 2, 3 and 4 — calomel electrodes
E — The way of the application of electrical stimulus. 1 and 2 — calomel ele-
ctrodes, 3 — stimulating device consisting of two steel inserted electrodes and
a battery

considered a sufficient background for the examination of action po-
tentials.

The action potentials of plants stimulated with ether were charaste-
ristic, and occurred in 13 of the 15 experiments performed. The charac-
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Fig. 2
A — Typical record of the resting potential ("’background")

B — Curve of the potential changes accompanying the application of a chemical
stimulus. The time of the stimulus application is shown as a dotted line (see
Fig. 1C)

C — Typical time-course of the biopotential changes in response to a chemical

stimulus (see Fig. 1D); curve a — changes recorded with electrode 4, curve b —
with electrode 3, curve ¢ — with electrode 2

D — Typical time-course of the biopotential changes in response to the electrical
stimulation (9 V for 30 sec). The time of the application of the stimulus is shown
as a short line under each curve

E — Typical time-course of the biopotential changes appearing after electrical
stimulation in different conditions (for explanation see text)

teristic curve is shown in Fig. 2 B. The shape of the curve (amplitude,
frequency and type of changes, as well as the amount and temporal ar-
rangement of peaks) was repeated in almost all measurements. The exi-
stence of a latency period of a few minutes and the regular repetition
of after-responses with diminishing amplitude is also interesting. Ether
is less definite as a stimulus than electricity, which may have led to the
irregularity in responses. The return of the potentials to the background
level should be noticed. An entirely normal potential value is reached
after a gradual diminution in amplitude, suggesting that the plant re-



Bioelectrical Potentials in Lupinus angustifolius L. Shoots 5

turns to a normal state, in about 35—40 minutes. It was possible to ap-
ply the next ether stimulus after three hours.

With the three-channel recording system further results were obta-
ined. The typical pattern of potential changes under the stimulus of
ether, measured simultaneously at three points on the shoot, is shown
in Fig. 2 C. The first response after application of ether appeared suc-
cesively at the first, second and third electrodes. Further responses, ho-
wever, were found to proceed simultaneously at all the electrodes as
shown in Fig. 2 C. From the time of the appearance of rezponses at the
electrodes one can anticipate the rate of the movement of excitation
which is about 2 em/min. In contrast to this, the after-responses occur-
red simultaneously at all measurement points every 6--7 minutes, until
the complete disappearance of the responses after about 40 minutes.
Action potentials in electrically stimulated plants also showed characte-
ristic changes, differing from chemically induced responses, and observed
in 12 cases out of 15.

The plants were subdued to a three hour adaptation period, during
which the background level was measured, and then the electrical sti-
mulus was used. After the first stimulus there occurred the first type
of the curve (Fig. 2 DI) and after the second and following stimuli —
the second type (II). In Fig. 2D there are given characteristic sections
from the 12 hour curve, at 11th, 12th, 13th and 14th hour. The rapid
return to the background level can be seen clearly; the impulse condu-
ction speed is about 5 cm/min and after-responses are not observed.
The experimental conditions described above, i.e. the value and time of
application of the stimulus (whether chemical or electrical), the appli-
cation method seem to be the optimum ones. Application of the stimuli
every ten minutes, for example, gave no response. Application of an
electrical stimulus every thirty minutes gave responses as shown in Fig.
2 E. The response is weaker and more deformed. In these conditions the
stimulus must be longer for a response to be obtained. This suggests
that refraction time in plants may be determined. The same is probably
true for the other parameters. The determination of their threshold and
maximal or optimal values could supply material for an attempt for
a theoretical explanation of the conduction of stimuli in plants.

On comparing of the results obtained by other workers with ours
some correlations were revealed (Fig. 3). Clark (5) etherizing coleop-
tiles of Avena noted changes in potentials of the order of 1/hour —
Fig. 3 A. The experiment described here has given similar results except
that the frequencies measured were of the order of 1/min — Fig. 3 B.
Bures et al. (2) described the results of the electrical stimulation of
the sartorius muscle of Rana esculenta — Fig. 3D. For comparison, in
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Fig 3 C are shown the results obtained from the electrical stimulation of
the lupin shoot. There is an obviously similar form and amplitude with
a difference in the frequency.
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Fig. 3. Comparison of the results obtained in the present study with the data of
other authors (see text)

Considering the small number of works discussing the action poten-
tials in higher plants, this comparison is based exclusively on analogies.
Nevertheless, the problem may be put in the from of a hypothesis, that
the mechanism of conduction is similar in plants and nerves.

CONCLUSIONS

1. Characteristic changes in action potentials occur in young lupin
shoots stimulated chemically and electrically.

2. The biopotential changes caused by a chemical stimulus are dif-
ferent from the changes caused by an electrical stimulus. (see Fig. 2 B
and D).

3. The characteristics of both changes reveal a far-going analogy with
changes observed in other plant species and in animal muscles and
nerves stimulated in the same manner.

4. 1t is possible to measure the characteristic parameters of the sti-
mulating proceses in plants, such as: latency time, relaxation time, re-
fraction time, the threshold value of the stimulus etc., which would al-
low for a quantitative description of the phenomenon, and would give
a basis for a theoretical explanation of the conducting mechanism.
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STRESZCZENIE

Badano elektryczng aktywnos¢ (zmiany biopotencjaléw) w todygach
16-dniowych siewek Lupinus angustifolius L., odmiany Wielkopolski ze
zbioréow 1970 r. Rosliny stymulowano chemicznie lub elektrycznie. Bo-
dziec chemiczny (eter) lub elektryczny (prostokatne impulsy 9 V przez
30 sek.) podawano miejscowo w gorne partie lodyg. Kalomelowe elektrody
pomiarowe umieszczano w Srodkowych i dolnych czesciach lodyg.

Wartosci biopotencjalow wystepujace w todygach roslin nie stymulo-
wanych przyjeto jako tlo do badan potencjaléw czynnosciowych. Charak-
terystyczne krzywe potencjaléw czynnosciowych (amplituda rzedu 50—
80 mV i czestosé ok. 1/min.) zarejestrowano w 80% przeprowadzonych
eksperymentow. Krzywe te powtarzaja sie regularnie z nieznacznymi
zmianami amplitudy i czestosci dla poszczegdélnych osobnikoéw. Zaobser-
wowano zjawisko ,,zmeczenia” u roslin stymulowanych. Powtorne uzys-
kanie ,,odpowiedzi” na bodziec moze nastapi¢ po odczekaniu ok. 1 dc
3 godz. Ksztalt krzywych biopotencjalow czynnosciowych zalezy od odle-
glosci elektrod pomiarowych i od miejsca podania bodzca, zachowuje sie
jednak typowy dla danego bodzca charakter zmiany.

Uzyskane wyniki wykazujg daleko idgce analogie do wynikow uzyski-
wanych w podobnych warunkach na innych gatunkach roslin. Ksztalt
tych krzywych jest bardzo zblizony do ksztaltu typowych krzywych
zmian potencjaléw czynnosciowych w nerwach lub wléknach miesnio-
wych. Roznica wystepuje tylko w szybkosci zmian (ok. 100 razy wolniej
u roslin).

PE3IOME

MccnenoBsanu 3nNeKTPUUECKYHO AKTMBHOCTL (M3meHeHus 6uonoTteHumanos)
B ctebnax 16-aHeBHbIX ceaHues Lupinus angustifolius L., copt senukonons-
ckun, ypowas 1970 r. PacteHus cTUMynupoOBanuM XMMHUECKUM WMNK INEKTPH-
yeckum cnocobom. Xumuueckuin (3UP) MNU 3nexkTpuueckuid pasgparKuTenu
(npsamoyronbHele umnynbckl, 9 V B TedeHue 30 cek) AeircTBOBanu Ha Bepx-
HIolo uYacTb cTebnein. KanomenbHbie MamepuTenbHele 3nexTpoAbl Bbinu pac-
NonoMeHsbl B cepeauHe u BHu3y cTtebnent.

3HaueHus 6uonorteHunanos, sbicTynalouux B crebnax HecTumynupoBaH-
HbIX pacTeHuit, 6binu MCNONb30BaHLI AN MCCNEAOBAHWH NOTEHLUMaNoB Aew-
cTeEwa. XapaKTepHble KPUBblie NOTEHUMANoB AelcTsua (amnnutyna psaa 50—
80 mV, uactotra okono 1/muH.) 3apeructpuposaHel B 80% nporegeHHbIX
3KCNEPUMEHTOB. DTU KPUBbIE ANS WMCCNEAOBAHHLIX PACTEHMA MNOBTOPAIOTCS
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PerynfipHoO € HEe3HAUUTENbHbIMM W3IMEHEHUSMH AMNAWTYAbl M YacToTkl. Buo-
noTeHuuansl AEHCTBMUS, CBS3AHHLIE C XMMMUUECKMM PA3QPAKUTENEM, HMEIOT
COBGPLIEHHO APYryl0 XapakTepuctuky, dYem 6uonorteHumansl, cpsasaHHbie
C 3NEeKTPUUYECKUM pasgpakurenem. Y CTUMYNMPOBAHHbIX pacteHud Habntio-
panu seneHue ,ycranoctu''. BropuuHein ,,0TBET"’ Ha paspparutrens mMoxer
Hactynute nocne 1—3 uac. Mopma KpuBbIX NOTEHUWMANOB AEWCTBWMSA 3aBu-
CMT OT PACCTOSHWMA MEXAY 3NEeKTPOAAMM M MecTom pasapaxeHus. OpHako
NPpU 3TOM COXPAHALTCA TURMUHBLIN ANS AAHHOTO PAa3APaXWTENns XapakTep
M3MeHeHns.

MonyueHHsle peaynbTathl 06HAPyIKMBAIOT 3HAUWTENbHOE CXOACTBO C pe-
3ynbTatamu, NONYYEHMHbIMM HA APYrux BuAaX pacteHuin. Dopma 3Tux Kpm-
Bbix ouyeHb 6nuaxa Kk Popme KPUBbLIX M3MEHEHWH NOTEHLMANOB AEHCTBMA
B HEPBAX WUNM MbILIEYHbIX BONOHKAX. PasHWUbI BLICTYNAlOT TONBKO B CKOPO-
ctu n3meHeHui (y pacteHwin meanenHee npubnusurensHo s 100 paa).
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