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Geoyronisn and Geoslachiic Effect,

Sumnasry

A short sumrmary is given ot the two classical theories
of rootropisa of plants, the 3ilatnolith theory and thie geceleptric
thecry,
L new mechanism for developing potentisals from gravity
ig given , which coula explain the petentials in nlauts.The
reagson is thought to be an lon-exchange process.
& new method for measuring the geoelectric noventials
in olants without touching them is dascribed.

Some results of the measurements on plants are gziven,
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F zgotropiom and Geoseleciric Effecty

T In the following report work will be deacribed which

has been carried out in the Department of Physics,Lund; to

examine the fwo phanomena krnown &3 geotroplsm and secelectiric

~

affect.

Geotrovism 1s a common name for the movements which

verious parts of a plant nmake as a resilt of the aciion of
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srevity. We can talk about at least two kinfis of geotropisn,
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nositive and negative - positive for varts of plants which
grow in the dirsction of gravity (e.g.,rcots } and negaiive
for parts which grow in the opposite direction (e.g.,stem parte ).
There are two clessical theories for explaining the
gravity perception of plants. The c¢ldest oune i8 'he so-called
statheoli th toneory, according tw whlch the percepltion of
oravity ie-due: to sedimentation of small parilcles (starch
greins ). By falling on the lower side of the cells , the
growth of thoze parts should be accelerated or inhibited
depending on whether it 18 a root or a stem part , and by an
unequal growth effect (compara a bi-metal thermometer )} the
graen parts of the plant bend upwards and the rcot bends
downwardas.
The newer and more detalled theory explalns the phenomenon
of geotropiem in the following ways
When, for example , a stem part of a plant (e.g., a maize
coleoptile)is displaced from its normal vertical position into
a horizontal position it can be shown that an electrical

™

potential in the order of magnitude of 50 millivolte is



daveloped. This poeatial is known under the name of geoelectric
ffect and was first exanined by Brauner in the Nineteen Twenties (1).
Varlous growthe-controllins substances , auxins , which are produced
in the tips of the planis and transvoltsd backwards , are electro-
phoretically unsymmetrically distributed in the nlents . Becausse
of the unsymmetrical distribution & awdn the rate of growth is mw
lenger agual in upper and lover sides ol e plent vert , and asm
before the bending is an unstual-growth affect., The fact that

root and stea paris bend in varicus directicns is expiained in the
following way. In the roots the nuvin concentration i< more then
cotimel and Lm sham parts less th-m optinal. 17 the underside

of 2 rwot recelves more auxin its growth is inhibited , but if the
under~ide of a stem par!t receilves more anxin iLts prowih 1s scomiorated.
T™a presull.is that the rocot bends downwards and the 2tem 1pwerds.

Trie was the stariing polnt for the work whieh has pDean done

in Lund, The Cirst onroblem bto be invesuigeted was the mechanism

for developin: an electrical potential {rom gravity . The old

theory (2 } , which suppcsed that the potemtiamles reaulted from the
various influvence of gravity con ths mobilithes of caticns sernd andons

T+

in the membranes ol the ecell walls , wae nct satisZactery. It could
goon be ghown that the exneriments whieh had been made on model
gystems were not free from ob]ecticns.

To find another theory for the gecelecirlc notentlala in plants
we have among other things examined whet happens when rather inavlublse
substances,e.(.,0a00, , are deposited on an lon-exchangs me embrane{3,4 ).
We found a potential eecross the membrane with the right polarity

tor a cation-excharge membrane and witd a realistlc ordsr of

Q.

nagrnitude ., The process has beem investigated in detall in Lund.By

using various combinations of membranes ,salts and ions in the membrane,

-

1% could he ghown that the mechanisgm 1z the fellowing.



When tre sall ,e.g., CaCOB is depos.tea on the lon-excuange membrane

conteining K -lons  an lon-exchange vrocesc starts . The resglt o

A : . ) - . - .4"'.
; this 1z thal Ca -lous vo inte tne ~em rane replacing the £ -ions

there. Zv thls process there 1s formed s rather concentrated solution

KECO3 over the membrane .Thus ws have a concentration difference
across Uhe membrane and as a resull thersof the voltage across the
memnrane 18 the difference betmeen the two Uonnan-notenitiale at tae
boundarfss electrolvie-monbrane, As is expecied from the propommd
machanism potentiels witii the orposite sipn are ohtained 1f an
anion-exchange aenbreans i3 used instesd of the cetlone-exchanger
The recton is tnat the Domnan-nouentials have opposite sijpna .

Various salts with different solubility e.g., BaCO, amd BaS0

Fave besn used . Tae resulls agree with whal cer be empecied |, that

-t

L8 , nore readily soluble "stactholith"-salts glve greater nctentlals

If a rather inscluble salt =,0., AgCl iz Cormed 23 a result of the
& process , smaller potentials are obtalned.

Maxing use of the OH -ions which ars formed from the RNGJ3

ould be made visible by adding & pH-indlcator of
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's aulbtable range to the electrolrte.

Theoretically the procesc has been investigated by solving the

diffusion egquation with the vroper beundary valueza . The thesrestical

n

time-variation of the electrical potential agresd very well with
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the experimantal curves . The investigation of the nrocess will be
deccribed in detall elsewlierc (4).
he next step in our lnvestigation was to loock at the

s\

£’The classical

peazurement of geoeclectric potentials in plents

netnod for measuring plant potentials by appiying fluld electrodes

3

%o the planis was shown smak to be unsatisfactory because of the risk
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of disturbances at the measuring polnts and the risk of shorteirculting

along the plant surface . &n ideel method for measuring would ber

one wherse the plant is not touched by the electrode . This was
sshieved in the following way by making use of the vibrating reed
prineiple (5). Five ocolesoptiles in parallel , extending from a
sontainer filled with gelatine and a calomel electrode for electricall
contact , {>rm one of tne condenser platee . The other is a small
rlane gold slectrode , vibrated at a frequenay of about 250 ¢/s,

i7 a potential exisis batween Lhe planis and the vibrated electrode,
v Ale-pignal 1s gereratsed at the latter. The AC-signal is fed to

& osthode-follower Btage {electrumeter tibe in crder to be able to
vés safficiently high gvid resistance ), and after further
frequency-seiective ampiification (to minimige roisze ) made visible
¢n a ¢athode ray osoillossope. By chenglong the DG potantlisl of the
plents by su external veriabls voltage , this AC-signal can bs
reduced to sero, 1{ the plani potentlal changes during the superiment

ths external potential has to be adjusted . This efjustmemt, whioh

cin e messured by = usea: instrunent, is equal Lo the plant votentisd

@ ange . inhs compensation ceam bs made automatically , using = phase-
detector . The potentials sre then reccrded on a2 recording instrmment.
At prezent a modification of the described method is being
develcped . In order to get rid of longitudinal potentiidl chmanges
in the eoleoptiles, epsriments are made with a 120 degrse sector
of a2 gylindsr sondenser , which rotates around the golasoptila tip.
By ocoupling thvenugh a condenser , formed by the unsactored end of
the gylinder and am outer oylinder an AC-signal is fed to the grid

of an slsmtrometer tube and further o an amplifier as before.

Concerning the results of our meggurements on planis we can

say Driefly that ve have found thrse new things . The first one is

AT SRR PRy e E )

e e

PSR S RTINS S T T



that the potentlals developed when a plant iz geotropleaily stimulsted
are about four lémes greater than those values reported before .

This might be explained to bLe a result of the very high input
impedance (because our messuring device does not touch the plent)
whish we have compared to esrlier workers .

Sesondly ve have found a cime-deLs s o abeout 10 mimuiss from
grotropier slimulation to the risze cf ths potential . Probably this
3Tfeet hae bLeen masked earlier by olecurochsmloal chengew ol the
notentiale at the conlact volnts . The reason o0 the time-dalay
<5411 ewalts @ explanstion,

Thirdly we found that geoslectric potentials uisapvesr reversiily
vhen tie plant is pleeced in a nitrogen =tmoephere. Also we found
some offect with pubstances which inhibit respimaticn , e.g., NP,
ﬁaﬂs and KCH . This fact led ue %o believe the&t the-particles
which are depousited and give rise to #m ithe potenilel are the
mltochondrisa , which are responcible for the plent vespiratlion .

This theory is suoported by ths faci shown by Zieglar (7 ) that
mitochondria are felling through ths cytoplasm of ihe cvells and
acsumilated on the lower side. However , thias nsw thecry thet
rlioohondria are recponsible for -the geoelectric polentials gidll

has tu be teated .
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