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Investigation of Electric Potentials in Plants *
Badania nad potencjalami elektrycznymi u roslin

UccnenoBanusa OMO3IEKTPUYECKUX NOTEHIMAJIOB y PACTEHMIt

Tte electric potential differences in plants were measured by means
of a Penick-bridge (PB) and Kaiser’s electroencephalograph (EEG).

PB (Fig. 1) was constructed, using a 6Zh 1Zh penthode as the electro-
meter valve (2). A plate current I, = 10 mikroA was given by a plate
voltage U, = 6V, heating current I, =100 mikroA and grid voltage

s = —3V. The plate current I, = 34 mikroA was measured for U, = O.
The first grid of the valve 6Zh 1Zh was connected with the cathode,
the second grid had the same potential as the plate, the third grid was
grounded through a resistor 1.2:108Q, The potential drop across this
resistor was measured. The heating current was supplied by a d-c
battery of large capacity. The zero position of the bridge was regula-
ted by means of the 5k and 38kQ potentiometers, so that the galva-
nometer (type GES2-A2, sensitivity 5.410—°A/div) showed no current
without input voltage and was stable (zero drift 2—3 div/hour). The
potentiometers of 1k were used to adjust the zero position under
working conditions, The relation between input voltage and current
flowing through the galvanometer was plotted for different sensiti-
vities. The voltages were measured as follows:
up to 17 mV with a precision 0.15 mV/div in the range (1)

” ” 25 ” ” ” 020 ”» ” ” ” (2)
1" " 45 " " " 0.30 ” " " " (3)
" 1" 90 " " " 0-75 1] »oon " (4)

Platinum wires were used as electrodes. On the plant under investi-
gation the grounded electrode was below the measuring electrode,

* We are indebted to Komitet Botaniczny PAN (the Botanical Committee of
the Polish Academy of Sciences) for financial support.
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which was connected to the grid of the electrometer valve. The plant
with the electrodes attached was placed in a Faraday cage. The EEG
used in these investigations could detect a wvoltage in the range
0—200 mikroV, alternating in the range 0.3—70/sec.

1kQ 3k

12-0° Q

Fig. 1

THE EXPERIMENTAL METHODS

In measurements with the help of the Penick-bridge the plant-
electrode contact was made as follows:

a. The electrodes were inserted into the plant, 2—3 mm deep

b. The electrodes were fixed to the plant, using leukoplast with
cotton-wool soaked in water, or agar-agar between the plant and the
electrode.

c. The electrodes were fixed on the supports and put in contact
with the plants by the use of special manipulators.

a. Measurements with inserted electrodes

Twenty-nine measurements were made on Pelargonium zonale from
18th to 29th May 1960. The average room temperature was 18°C.
After the insertion of the electrode into the plant, the monotonic
changing potential (increasing or decreasing) was registered. This reached
an end-value in 5 to 50 min. There were no potential jumps. The results
are presented in Table 1.

The measurements from 1—12 were made on a plant of Pelargo-
nium zonale with four lateral shoots, and the next on a Pelargonium
zcnale with one stem.
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Table 1
3 4 5 6 7

APt . (cm) | (cm) | (mV) |(min)| (mV)
1 | 18.V1| at the base of 2 successive leaves (Fig.2) | 10 4 33/ 30 26
2 18.v1 " ” » ” ” ” ” 14 3 76 5 97
3 (18.VI| » » » » » " " 15 35 63| 8 97
4 20.VI ” ” ” ” ” ” ” 13 2 6 6 11
5 | 20.vI| between two branchings (Fig. 3) 5 6 21 30 |— 11
6 | 20.VI| perpendicular in the stem (Fig. 4) 13 2 |— 6| 26 |— 10
7 |20.VI » n o» » » 0 |10 |{— 49| 17 [— 90
8 | 21.VI » » o» » ” 6 |11 |— 88 5 |— 86
9 | 21.VI » noo» n ” 7 | 10.5|—121 8 [—135
10 | 21.VI » noo» " ” 6 6.5|— 90| 30 |— 41

11 | 21.v1| at the base of the leaf and at the base
of the lamina (Fig. 5) 14 9 66| 28 95
12f22:vr| 8, WY " ¥ t 10 | 7 46| 18 50

No. — the test number, 1 — the date, 2 — the position of the electrodes, 3 —
the aistance of the electrode from the ground, 4 — distance between electrodes,
5 — the potential value 10 sec after switching on the bridge, 6/7 — the value
of the potential in mV after minutes.

In the 9th measurement, when the potential had the value — 135 m V,
the surrounding air was heated 8°C above average. The potential
then achieved the new value —108 mV, which returned to the pre-
vious value — 135 mV 10 minutes after the removal of the heater.
The following measurements (13—21 and 22—26), referred to in Table 2,
show the dependence of the potential on the distance between the

electrodes. The symbols 1—7 have the same meaning as in Table 1.
Table 2
3 4 5 6 7

No | 1 2 (cm) | (cm) | (mV) |(min)| (mV)
13 | 24.VI| perpendicular in the stem (Fig. 4) 3 14 31 9 48
14 | 24.VI y e yraiig,, " 3 |12 | 11 | 10| 61
15 | 26.VI1 . SR . 3 |10 12 | 14 | 63
16 | 24.VI A % pabs . 3 6 20 | 15 | 79
17 | 24.VI 3 = N 4 3 4 11 13 | 91
18 | 25.VI| . Lo el Y 8 3 2 16 | 18 | 95
19 | 25.VI o imRe el . 3 15/ 3 |19 [ 91
20 | 25.VI r = iy g b 3 1 18 T |wa9)1
21 | 25.VI . - gdermiy - 3 0.5, 48 7| 81
22 | 26.VI - = " 3 8 18 | 19 | 48
23 | 26.VI £ S e 4 3 5 30 8 | 67
24 | 26.VI . o | by 2 343 9 | 18| m
25 | 26.VI = Ll et " 3 25| 15 | 25 | 86
26 | 26.VI ” e " 3 | 15| 31 @ 35 | 60
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The influence of chloroform (CHCIl;) on the potential value. Test 27:
electrodes between the base of the leaf and the base of the lamina,
distance above the ground 14 cm, distance between electrodes 8 cm.
The potential 80 mV was reached in 4 min. after switching on the
PB. Then a phial of chloroform was placed below the leaf, causing
a decrease of the potential to the value 75 mV. After the removal
of the phial of chloroform the potential reached the previous value
80 mV in 30 min.

b
(2
¢ ¢
o = v
Fig. 2 a — stem, b — petiole, Fig. 3 a — stem, b — branch,
e — electrodes e — electrodes

Test 28: method as in the previous experiments. The distance
between the electrodes 6.5 cm, the height above the ground 20 cm. After
3 drops of CHCI; were pipetted on to the surface of the leal, the
potential decreased to the value 18 mV in 9 min.

b. Measurements using electrodes fixed with
leukoplast

These measurements, summarised in Table 3, were carried out from
7th to 9th July 1960. Phaseolus vulgaris 6 weeks old, with 4 leaves,
was used. The average temperature was 20°C. The electrodes were
fixed on to the stalk (Fig. 3).

c. Measurements with electrodes fixed on supports,
attached to the plants by means of manipulators.
(10 July — 22 July 1960)

The following plants were used: Phaseolus wvulgaris and Drosera
rotundifolia.

Measurements using Phaseolus wulgaris: in the tests 1—5 the elec-
trodes were fixed on the stalk. The potential difference was measured
a) between the base of the plant and the first node, and
b) between the base of the plant and the second node.
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Table 3
1 2 3 4 5 6 1
1 wet cotton — it 8 mV to — 10 mV in
— wool 7 5 — 18 mV in | foll. 20 min. ==
| 10 min.
2 | electrodes were changes from | 8 mV in foll.
put directly in 2 to 5 mV in | 26 min. r
contact with 6.5 1 10 min.
stalk ‘
3 agar in distilled 6 — 1, 5 mV | 3 mV in foll.
water (29) 8.5 5.5 | in 8 min; in- | 3 min.
‘ creased to ==
| 6 mV in foll.
5 min.
4 agar in tap » the changes
water (2%) 7.5 7 from — 5 mV
to—9 mV with
the amplitude
of 1 mV
The symbols: 1 — test number, 2 — placed between electrode and plant,
3 — distance electrode-ground (cm), 4 — distance between electrodes (cm),

5 — time changes of voltage, 6 — voltage value, 7 — changing voltage.

Q‘_
i By
y<z_\
Fig. 4 a — stem, e — electrodes Fig. 5 a — stem, b — petiole,

¢ — leaf, e — electrodes

The wvoltage changed with the amplitude up to 4 mV. The voltage
values were higher in all cases a) in comparison with b) (Fig. 10).

In test 6 the electrodes were fixed on the stalk between the base
of the plant and the first node. The distance belween the electrodes
was 6.5 cm. The measurements of the voltage changes lasted from 9 a.m.
19th July to 10 a.m. 20th July, 1960. The average values of the voltage
over one hour are given in the diagram. The maximal frequency and
amplitude of changes were observed from 4 p.m. to 9 p.m. (the amplitude
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Fig. 8 a — petiole, b — leaf, e — electrodes
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Table 4
1 1 3 4 5
7 4 in 10 min. from 4 to | 45 mV after 10 -
6 mV, amplitude 15mV | minutes
8 5 from O to—4 mV, am- dead fruit-fly Droso-
plitude up to 2 mV phila has no effect on
the potential changes
The symbols: 1 — test number, 2 — distance between electrodes (mm),
2 — changes of voltage with time, 4 — steady value of voltage, 5 — on the

surface of the leaf.
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Table 5
2 3

without stimula-

1 all the time as on the record No. 1
tion

protein, 25 mg
(white cheese) on
the same leaf
where the elec-
trodes were pla-
| ced

0—10 min. as on
the record No. 1

10—20 min. in-
creased amplitu-
de (rec. 2)

the previous state
was achieved
after 20 min.

dead Drosophila | 0—6 min. as on [

on the same leaf | the record No 1

6—36 min, rapid | the previous state

where the elec-
trodes were pla-

increase of the
amplitude see re-
cord No. 1

was not achieved
after 50 min.

ced

dry sand, 25 mg,
on the same leaf
where the elec-
trodes were pla-

all the time as on the record No. 1

dead fly (Dro-
sophila) on anoth-
| er leaf

the distance between the leaf with the fly and the
leaf with the electrodes — 60 mm. Reaction after
14 min, see record No. 4

1 — test number, 2 — stimulation, 3 — potential changes in time
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— up to 1.5 mV, the maximum frequency — up to 5/min) (Fig. 6 and
Fig. 7).

Measurements using Drosera rotundifclia (electrodes contacted with
the surface of the leaf, Fig. 8). The results are presented in Table 4.

Measurements of the electric potentials in plants
by means of EEG

The contact between the plant and the electrodes was made by
using manipulators. The electrodes attached to the surface of the leaf
were spaced 5 mm apart. The measurements made in September 1960
on Drosera rotundifolia were recorded. The results are presented in
Table 5 and records 1—4.
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DISCUSSION

The electric potential differences in the plants were measured
throughout whole range, from O to 150 mV; the 0—0.2 mV range was
covered by the EEG, and 0.15—150 mV with the use of the Penick-
bridge (PB). Unfortunately it was impossible to use the two detectors
together, because of mutual disturbances.

The insertion of the electrodes is often used in physiology. This
method can, however, cause errors. One does not know a priori what
kind of tissue has been penetrated. This makes it difficult to relate
the electro-physiological phenomena to the particular processes in the
plant. The results are rather dependent on some pathological phenomena
of traumatic origin. Water or agar-agar-contact between the electrode
and the plant can be the cause of serious errors, because of possible
additional potentials. One therefore does not know which phenomena
are bioelectrical, and which from a physiological viewpoint are artefacts.
The possibility still exists of damaging the surface tissue layer of
the plant by the platinum contact electrode.

Drosera rotundifolia is an interesting object for electrophysiological
investigations, because it does not require special treatment in labora-
tory conditions (high temperature and humidity) and it behaves nor-
mally, in contrast to Mimosa pudica, which loses its sensibility rather
quickly. The measurements carried on with precision up to 1 mV
had shown that the old leaf of Drosera rotundifolia had a positive
potential while the young one had a negative potential, independent
of the exciting of the plant by the dead fly. The course of the EEG
records shows that a measuring apparatus with a sensitivity greater
than 0.15 mV/div cannot record the potentials arising after stimulus
by the dead fly. Only after the use of EEG could these potentials be
measured. After the dead fly or the protein had been put on the
leaf, potentials were registered by EEG. The record did not show any
changes after dry sand had been put on the leaf. The sand had been
heated and washed with HCI. It is not known if the potential changes
are connected with the bioseismic motions caused by the bending
of the Drosera-hairs, or with chemical processes. In both cases the
currents in the Drosera-leaf are present in the living plant. In the
case of mechanical shock the changes of the electric potentials in the
plants are registered in some tenths of a second; in our experiments,
however, the changes are recorded after some minutes (5).

Great caution is needed in interpreting the EEG record. The EEG
is not adapted to the examination of plants. In particular the input
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resistance of EEG is low in comparison with the changeable resistance
of plant tissues and this might cause artefacts.

We were not able to determine if changes of the potentials are
caused by movements of the papillae, or by biochemical processes,
which would be very interesting, if true. The movements of the papillae
may cause changes in the contact of the electrodes and the changes
may be recorded, because the EEG is a very sensitive apparatus.

We got records even when the fly and the electrodes were on
different leaves. A similar stimulation of Drosera leaves with IAA
was transmitted to another leaf at a distance of 60 mm in 2 min.

What is the relation of the potentials measured in milliV to poten-
tials measured in microV, in so far as we were in fact able to observe
microV potentials in plants?

It is probable that each stimulus at first causes microV potentials
which may then become milliV or fade away still as microV. We
think that the latent period could be studied by using microvolts records.
In addition the microV curve might be regarded as a changing compo-
nent of milliV oscillations.

On the basis of theoretical considerations we think that the existence
of microV potentials in plants is very likely; also our measurements
were not completely convincing.

As can be seen from the literature, electric potentials can be
regarded as a summary indication of the physiological state of the
plant. This is why examination of these phenomena is so important,

CONCLUSIONS

Measurements by means of a Penick-bridge.

The potentials measured by means of inserted electrodes were in
the range of some tens of mV, while those measured by means of
contact electrodes were in the range of 10—20 mV.

The potential of the stalk between the bases of two leaves (Fig. 2)
was positive, as was the potential between the bases of the leaves
and the base of the lamina (Fig. 5). The electrodes inserted at any
point in the stalk of a one-stalked plant (Fig. 4) showed a negative
potential, while the potential of the stalk in a plant with four shoots
above the earth was positive. The potential of the stalk between two
lateral shoots (Fig. 3) was negative. In the two series of measurements
of potentials carried out on the stalk of Pelargonium zonale, regularity
was observed. When the distance between the electrodes was increased
from 1 ecm to 2—2.5 cm the potential rose, and with a further increase
of distance it diminished (Fig. 9).



-

Investigation of electric potentials in plants 151

The influence of chloroform on the size of the electric potential
of the plant was discovered. The placing of a phial of chloroform
under the leaf (electrodes in position as in Fig. 5) caused a drop in
the potential. When chloroform was removed, the potential reached its
original value after 30 min. After the direct application of chloroform
to the leaf, the potential changed considerably (about 60°%) and did
not return to its original value.

If cotton-wool soaked in tap-water, or agar in tap-water was placed
between the electrode and the plant, the potential was negative. If
distilled water, or agar in distilled water, was applied as contacts,
the potential was positive.

In the measurements of the potential of Phaseolus vulgaris, regula-
rity was observed. The potential between the base of the stalk and
the first node was greater than that between the base of the stalk and
the second node.

The twenty four hour measurements of the potential carried out
on Phaseolus vulgaris showed the maximum value of the potential
and the greatest frequency and amplitude changes between 4 p.m. and
8 p.m. then a marked fall in the value of the potential, and a small
increase about 3 a.m.

Measurements by means of EEG.

It is likely that the EEG records action potentials arising in Drosera
rotundifolia in the digestive process if the records are not artefacts.
We got also records, when the plant was stimulated by a fly on another
leaf. 6—10 min after nutriment had been placed on the leaf, a marked
increase in frequency and amplitude changes occurred. Putting sand
on the leaf produced no change in potentials.

We feel that we are under a friendly obligation towards Professor W. Stein
for having so kindly allowed us the use of the electroencephalograph of the Neuro-
logical Clinic of the Academy of Medicine, we would also like to thank mgr
B. Darwaj for helping us to carry out the electroencephalographic recordings. Our
thanks also go to the Botanical Committee of the Polish Academy of Sciences
for their financial contribution.
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STRESZCZENIE

Pomiary potencjaléw elektrycznych u roslin dokonywane byty dwie-
ma metodami: przy pomocy mostka Penicka (uklad na lampie 6Z, 1Z
pracujgcej w ukladzie elektrometrycznym) i przy pomocy elektroence-
falograiu Kaisera. Metoda mostkowa pozwalala na pomiary z doklad-
noscig do mV, metoda elektroencefalograficzna do mikroV. Jako elektrody
stosowane byly druciki platynowe. W pierwszej fazie badan elektrody
byly wbijane w rosline, nastepnie umocowywane leukoplastem, a miedzy
rosling i elektrodg znajdowala sie watka nasycona wodg lub agar,
wreszcie elektrody byly przytykane bezposrednio do rosliny przy pomocy
manipulatorow. Obiektami badan byly: Pelargonium zonale, Phaseolus
vulgaris i Drosera rotundifolia.

Przy pomiarach elektrodami wbijanymi po dolaczeniu elektrod do
mostka potencjal monotonicznie spadat lub wzrastal i ustalat sie na
pewnej wartosci po czasie od 5 do 35 min.

Przy pomiarach elektrodami wbijanymi znaleziono zaleznos¢ wielkcsci
potencjatu od odleglosci miedzy elektrodami. Przy zwiekszaniu odleglosci
miedzy elektrodami od 1 ecm do 2—2,5 cm potencjal wzrastal, a przy
dalszym oddalaniu elektrod malal. Dzialanie na liS§¢ par chloroformu
lub bezposrednie podanie chloroformu na li§¢ powodowalo spadek
potencjatu.

Przy stosowaniu miedzy elektrodg a rosling kontaktu w postaci agaru
na wodzie destylowanej albo watki nasyoonej woda destylowang poten-
cjal byt dodatni, natomiast w przypadku agaru na wodzie wodociggowe]
albo watki z wodg wodociagowa — ujemny.

Potencjaly mierzone przy pomocy elektrod stykowych byly rzedu
kilkunastu mV i zmienialy sie z amplitudag do 4 mV, maksymalna cze-
sto§¢ wahan wynosita 5 na 1 min. Przy pomiarach elektrodami styko-
wymi zauwazono, ze potencjal miedzy nasadg lodygi a pierwszym
wezlem okazal sie wigkszy niz miedzy nasadg todygi a drugim wezlem.

Przeprowadzony dobowy pomiar potencjalu wykazal maksimum
wartoéci potencjalu i najwiekszg czestos¢ oraz amplitude wahan w godz.

od 16.00 do 20.00, potem spadek wartosci potencjalu i maly wazrost
okolo godz. 3.00.
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Pomiary przy pomocy elektroencefalografu byly przeprowadzane na
Drosera rotundifolia. Zmiany potencjatu rzedu mikroV notowane byly
przez pisak eiektroencefalografu. Przy polozeniu na lis¢ pokarmu elektro-
encefalograf rejestrowal zmienng réznice potencjatow (amplituda do
150 mikro V), po podaniu na liS¢ piasku kwarcowego zapis pozostawal
bez zmiany w stosunku do zapisu zmian roéznicy potencjatow liscia
nie podraznionego.

PE3IOME

VzyyeHne 6MO3JIEKTPUYECKUX IIOTEHLMAJIOB y PAaCTE€HMiT INPOM3BOAU-
Jock ¢ nomoubio MocTuka Ilenuka (Penick bridge). YismepuresnsHaa ycra-
HOBKa BbIMoJIHeHa Ha Jamme 62K12K, paGoraroieit B 3JI€eKTPOMETPH-
YecKOM pexkyMe M Npy NoMOLIM 3JjeKTposHunedaaaorpacda Kaitzepa. Ilep-
BBl METOX II03BOJMJI PErMCcTPMPOBaThL IOTEHUMAJBI B MIIJIMBOJBLTAX,
BTOPOif — B MMKPOBOJBTaX. BMOTOKM OTBOAMIIMCH C IIOMOILBIO ILJIaTH-
HOBBIX 3JIEKTPOJOB. B IEepBOiI HacTM McCCIefOBaHUMM 3JEKTPOAbI BKaJlbI-
BaJUCh B pacTeHMe, BO BTOPOIl — IIPUKPENIAJIUCH C IOMOIIBIO Jei-
KOILJIacTa, a AJA YJYYIIIeHUA KOHTAaKTa MeXAy 3JIEKTPOAOM M pacTeHueM
MHOTAA TNOMelaJCA KYCOYeK BaThl, CMOYEHHON IEeCTMJLIMPOBAHHOI BO-
IOM, M arap. B ApPyrMX ciy4asx 9JIEKTPOALI NMPUBOIUJIMUCL B B CONPHU-
KOCHOBEHME C pacTeHMeM IpU WMCIOJb30BAaHUYM MMKPOMAHUITYJIATOPOB.

O6BbexToMm wucciaenoBaHuit ObwiM Pelargonium 2zonale wu  Drosera
rotundifolia. IIpu u3MepeHMAX C IIOMOLILIO BKAaJbLIBA€MBIX I3JIEKTPOAOB
rocje IpMCOEAMHEHUA 9JIEKTPOAOB K 9JEKTPOMETPY TOTEeHUMaJ IOoCTe-
MeHHO YMEeHBLIAJICA MJIM Bo3pacTaJj M mocje 5 mo 35 MMHYT yCTaHaBIM-
Bajlach ero Kakafi-TO CpeIHAs BeJU4MHa.

IIp u3MepeHMAX C IOMOLILIO BKAaJIbIBA€MBIX 3JIEKTPOAOB YCTaHOB-
JIeHa 3aBMCHMMOCTb MEXKJAY pPAaCCTOSHMEM MeEXKAY SJeKTpoaaMy ¥ BEJIU-
YMHOM pPa3HOCTM IOTEHIUAJOB. IIpM yBeJIMHIEHMM PpPaCcCTOSSHUA MEXIYy
snextposamMu or 1 mo 2,5 cM. moTeHuMas BO3pacTal, a Npyu AajbHelH-
1IeM YBeJUYEeHMM PacCTOAHMA — YMEHBIIAJICA,

HeitcTBue mapoB xJiopodopMa Ha JMCT, WM Ke ero HernocpenacTBeH-
HaA nojayda Ha JIMCT BBIZBIBAJIM MajgeHMe IOTEHLMaa.

B cnyyae HamuMumMA MeKAy SJEKTPOAOM M pacTeHueM arapa Ha ne-
CTMJLTMPOBAHHO} BOJE 3HAK IOTEHLMasa Obl MOJOKMUTENBHBINA, a B CIy-
Yajle arapa Ha BOJOIPOBOJHOI BOJE — OTPMIATEJBHBLA.

Bennuyua noTeHUMAJIOB, U3MEPAEMBIX C IOMONIBI0 CTHIKOBBIX 3J€K-
TPOAOB COCTABJIAJA OT HECKOJIbKMX A0 HECKOJBbKMUX NECATKOB MMUJIJIVBOJIBT,
OHM KoJebasmCh C aMIUIMTYAO¥# 2 MB M MaKCMMAaJIbHOM HacCTOTOi H Ile-
PMOZOB Ha MMHYTY.
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IIpn mM3MepeHMAX C NOMOIIBIO CTHIKOBBIX SJIEKTPOAOB 3aMEYEHO, 4TO
Pa3HOCTL IIOTEHLMAJIOB MEXAY OCHOBaHMEM cTebJA ¥ INepBLIM Y3JI0M
BETBJIEHMA OKa3ajachb BbIllle YeM MeXAY OCHOBAaHMEM UM BTOPBHIM Y3JIOM.

IIpoBeneHHble M3MepEeHMA CYTOYHOTO XOja IMOTEeHLMaJia IIoKa3aJy,
YTO €ro MaKcMMaJbHafd BeJMYMHAa M 4YaCTOTa a TaK¥kKe aMIIIUTyAa LpU-
xonAaTcA Ha Bpemda or 16,00 mo 20,00 yacoB, 3aTeM HacTymaeT NafcHUE
noteHuyasa U Hebosblloe yBeJWYeHME OKOJIO 3-X 4acOB.

U3mepenua ¢ mnomolubio 3JiekTposHuedansorpada mnpoBefeHbl Ha
Drosera rotundifolia. Konebanua OGMONOTEHLMANOB B MUKPOBOJIbBTaX pe-
TMCTPUPOBAJUCh aBTOMaTH4decKu. IIpM HaHeceHMM MM Ha JHUCT ObI-
Ju oOHapy:KeHbl KojiebaHMA C¢ aMIIMTYROM X0 15 MMKpOBOJBT, a Iip#
rnojaye KBapLIEBOTO ITeCKa TaKuX KoJgebaHmii He ObLIO.

Papler druk. sat. 111 kl 80 gr 70 x loo Druku 14 atron + 1 zal.
Annales U.M.C.S. Lublin 1960. Lub. Druk. Pras.—Lublin Unicka 4 Zam. 3662 11.9.61.
1100 + 120 odbitek. W-4 Data otrzymanfa manuskryptu 11.9.61. Data ukoniczenia druku 30.1.62.
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Fig. 7

Univ. M. Curie-Skiodowska, Sectio C, vol. XVI, 9.

Ann.

A. Paszewski, Z. Krolikowska



