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INTRIDUCTION

When we wish to learn something about the physiologicsl phencazena
of plants. we usually adhere to the following method: Onu of Lhe external
factoxrs to which the plants are sensitive is varied while &ll other
factors ere kept constant; the plants respond with particulsr reactions.
A study of this typu ains at foliowing the course of these phononom and ‘
draving conolusions {rca the results regarding the esscnoe of pient-. '
paysiologioal pheacuona,

Ia the prosent study the external factor is fresh alr, and it is
varisd by the aciition of o small amount of ethylene gas,

\Jlets cre extreordinarily sensitive to ethylone, the most harmmful
cexponent of illumirating gas, and the changes brougit about by this gas
20 highl,( variod. We—tntead to- ewemiae,. in.deteliX, tvo of thase influen=

ces oL Qt'h)'l.n.wap(_ Gy AN, J , 1 I :
a) The decrease of the long:.t.udiml zmwth of gprouts of Avena
setiva; md’ ;
o horigontal growth of the otherwise vertically growing
oprouu o‘ 101& faba. Q

CLAPTER I
1. Generzl Literature Review

On examining the literature relating to the damages inflicted on
the growth of plants by i1lluminating gas or ethylene, we do not obtain :
& uniform ploture, We find either the description of more or less strong !
inhibitions, or the injury is not a promounced one, or the plants are
stinulated. Tue eccnsitivity greatly fluctuates with the different species,
with the stages ol growth, and with the suthors performing the experiments,

T 0 B B g TR T T M T T A T A g™ VTP T4 10

Agriculturo was at first concerned with damages caused by 1lluuie .
nating gss; the earliest researchers (Girardin 1864; Virochow 1870; Kny 1871; S
Spaeth and Mcyor 2.373) investigated trees on the street. Kny already S
roported on the ilfering sansitivity of different species; Speath and o
Meyor repor-ted that the influence of the gas ia wmost damaging during the
growth staje, leading st that time to a falling ¢f leaves and the death
ol vambiume.
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' Wiesnor (1878) studied tho influence of light and gravity on
Pi.scolus sprouls. As a light source he used a gas flame which ho burned
continucusl . It turned out that the plantlets exhibii a difforont manner
of bending to light, accerding to whether it is- . the fronte or the
back side tict bends (the front side is where the seod of the sprouts is
locatod). Thus the sides oxhibit different growth capacities; the tendenoy
eiists to grow cwey frc:m the soced: In the beginning the front side grows
factor, thoa tho back side catches up so that the sprout becomss erect, then
2o front cide cgaln grows faster; finally a waveeliko, horizéntal growth
scts in walch Wiesnor cclled "undulating mutation." Already Sachs (ngggggg
€. Patanik (Toxtbook of Botany), 4th Ed., 1874, pp 828-829) mentione
rutation in discussing this concept which was created by him. The phonoe
Lo may be soen also in Vicia faba, Pisum sativum and other specios.
iccording to Viiesner the cause of this phenomena is to be attributed to
uwlavorable growth conditions.

Noljubowr (1901; 1911) was able to show that this was not the case,.
Ho found that impure air, particularly small doses of illuminating gae,
«.=d a role to play; ko did not believe in the existence of an autonomous
nutation; according Lo his concepts illuminating gas is supposed to lozd,
ia tho planis, to a geotropic conversion whereby the negative geotropism
chanzes into & transverse one. It is immaterial from which position of
tho plant one storts outs”™ -+ according to him the sprout always appears
horizontally, thus bohaves like a lateral root.

Richter (1903-1910) continues to build on Wiesner's ideas. An autoe
nezous nutation supposedly appears when the gas weakens the negative geo-
topism, Under normal circumstances the geotropism supprosses the nutation.
45 & proof of his views cgainst those of Neljubow, he brings up that
the Spreuts alwiys grow away from the seeds, independently of their
positiorn, Tao scme nutation occurs when Richter elininates the negative
geotropisa in noraal plants by means of a olinostat.

Knicht and Crocker (1913) determined the gas concontration at which
tio cbove-montionod phenomona still occur in Pisum.- Ethylene is found
to bo the most offcctivo gas; already 0.0001% is effective, They further
lavesiigatod thoe dxuagos caused by tobacco smoke on the basis of the
eporinents of Holiseh (1911), and concluded that even in that case.
othylene s probably the most harmful factor. The gas influence consists
of throe paria (" triple responss "):

1) Tahivition of longitudinal growth;
2) stinulotion of transverse growth; and
3) Jorizontzl nutation in the growing zone.

Furi.or wo must mention the exhaustive but experimentally unsatise
fuctory woic of Sorauor (1916); he placed his experimental pl: i into &
Toom 4n waica & gas flame is burned continuously. He thon comparcd the
socat danagos which set in with those which have been brouzht about by

havo been &bie to Geteot transpiration= and assimilation imaibitions which

3

U

AR 2 s

T et b S &I e T




in Lis oplnien ppear 5 a conscgquonco of oxygon shortage, he concludoed
trat «ll 432765 cousod by gas sre to bo attribuilod to phonomena wihich had
been w.acribed &g consequences of oXxy:on shortage. His study, however,
refors to lasting, severmy honce cemplicated gas damages which ounnot
without further aonsideratisns be compared with the reazults of other
studios,

RGO L i L ]

Subsoquently the work of Wohmer (1917-1916) was published, dealing
Witee d3luililling-zas Geuages L AAfforent groups of plants,

The earlior authors almost always observed more or less pronouncad
growth iahibitions., 4 stinmulating influence of ethylonoe on growth 4s oaly
disccvored whon working with quits &finite gas concentrations; like many
poisons, sthylens, too, acts as & stimulant when present in very low
anounts.

A frequently occurring stimulation phonomenon is the epinastic
beriing of growa leaves under the ianfluouce of illuminating gas or othylenu,
Wachtus (1605) was the discoveraer of thi. phenozmcnon. Molisch (1911) doe
moustratud 413 ccowrrence in plants expried to the effect of tobacco smovie,
andd Noudbt (1917) has shown it in the ca.e of many plants under ths influence
of illuainating gasi Schwarg (1927) comnunjoates, in addition, that the
sarie phenomens #et in after 3 hours' stay in water at a tesparature of 35°C,
Rurthor, by placing marks on the leaf cstalk she was able to ascartain that
tko epinssty is a growth- and not & variation movement,

o HTRE T TR RN

The best irvestigation of epinssty caused by ethylene was carried out
by Crocker, Zicmerman and Bitchecock (1932). Many plants were tested for
their consitivity; only 36% displayed a clearly pronounced epinasty. The
pherno...:on was filmed with a tomats plant; it was found that the hutations
and sleep Movements of the leaves ceased in ethylene; a nertain rigidity
sot in. The extent to whioch geotropism participated in the epinasty was
thoroughly studied;under clinastating around a horizontal axis only 40%
of tho epinasty remained, but it subsisted in each case. Apparently geo= 1
tropism has a predominant
it is not the sole determining factor; internal factors, tso, play a role.
Tae scxme bolds true also for the horizontal growth of sprouts.

A third series of phenomens has become known through the roquire- :
ments of tachnology. In the US the extraordinary sensitivity cf plants '
to ethylene 1s utiliged in many ways. 3ince a good review was published a
short t:-e ago (Meck and Livingstone, 1933), it will suffice here to give :

v only & brief resume. It was found that small amounts of ethylene are able !
to shorten the rest period of plants to a considerable extent, and that
in ethylene the time necessary for the ripening of picked fruit is signi
ficantly shorter (Chace and Deunny 1924; Denny l92ka: Wolfe 1931). To this
must bo added tint breathing is always more intensive and perhaps it nay
be concluded q- " . genorally that an accelerated metabolism is taking place
{(E.¥. Larvey © J; Demny 1925b; Recoimbal, Vacha and R.B. Harvey, 1527;

Mack 1927; Lavis and Church 1931; Mack and Livingstone 1933)

;
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L5 was alroad - mentioned, ethylon. shortens tho res ja icds; &
QUL .o parlicuwliar oasa ¢ the accal.. et a of the deévelopzenty uf runners




in potate tubers (Vacha and R.B. Harvey 1927). Zthylene was not always
the most offectivo agent (Denny .. :6); ofton CoHy compounds showed better
rosults. R.B. Harvey (1925) and Mack (1927) reported that celery becomes
wilter in ethylene.

Very interesting is the exhaustive work of Russi (1933). He found
that a treatment with ethylene shortens the time necessary for the fermen-
tztion ard cying of tobacco leaves; the amount by which the time was short-
oncd was 404, He assumed that the effect of ethylene is limited to a stimue
l2%ion of the enzymatic processes. In his opinion in this process the cell
plasra is stimulated. The quality of the tobacco remains ccmpletoly une
caangod.

On the basis of the phenomena known so far we are by no means able
as yot to analyze the effect of ethylene on plants; I think, however, that
there is at least one hint in this regard: many times there were observed,
under the influence of ethylene, certain growth changes. Since F.W. Went
(3¥B) has established the close relatianship between growth and growth-
substaenco content, it appeared interesting to investigate the influence
of the gas from this point of view.

It is not necessary to go into the history of the discovery of
the growth substance. in detail, since many reviewshave already been published
on tals subject (F.W. Wont 1928; Kostytschew=Went 1931; Du Buy and Nuerne
bergk 1932). . -

Boysen Jensen (1913) and Paal (1919) detected the existence of a
cubstanco which is responsible for phototropic bending. This discovery
was elaborated by Cholodny (1927), F.W. Went (1928) and Dolk (1930) to
their well-known growthesubstance theory of tropism.

In orthotropic plant parts thaere exists a basipetal, allesided
transport of growth substance that is unilaterally deflected by light or .
gravity (collectively referred to by the gencral term “stimulus¥); more
growth substance leads to a greater g-owth, thus there occurs a unilaterally
increa..cd growth causing the deflection.

Wo are indebted to F.W. Went for a nice quantitative method for the
determination of the growth-substance content, which since has made possible
mony thorough invesiigations; Van der Wey (1931) has introduced into this
method some useful improvements. :

The studies of Went have been elaborated in different directions:

Hoyn (1931) was able to show in Avena that under the influence of
tho grouwth mateoricl the plasticity of cell membranes (that is, the ability
“o bo irrevcrsibly olongated) is increased, accordingly the turgor overw
strotches tiose coll mcaubranes. = The abllity to be elastically stretched
(that 15, s ctility for reversible length changes), hewever, also plays
& clo, sinco Ly inercosoes during the growth, but falls during inhibition
of geowth, 6.7. tuvough decapitation. Heyn and Van Gwerbeok (1931, showed
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that the ability to be elastically stretche S L
Browtl Substores. y d is also influenced by ine

Van dor Woy (1932) investigated the growthesubstance transsor:
in living coleopille cells of Avena. The transport takos place much faster
than a pure diffusion, definitely polar, only in basipetal direction.
The amount of growth substance supplied does not have any influence on
the trensport velocity; even the temperature does not effect the growthe

substance transport in any other way than it does any othar physiological

process. _
Uyldent (931) worked with sprouts of Tradescantia flwmiincusis,

Ho draibited growth cad the geotropical reactiviyy by deeapitaticin;

after a1 supply of growth substance both occurred sgain, She was cblo

to delect growth-substance transport in young internodes. Tre normal

pocition of a sproul of Tradescantia deviates ficm the vertical by about

20°, Vortically orientod sprouts cut in on the dorsal side no longer pere

form any epincstic bending; but those which were ricked on the ventral

side do. In the c:30 of geotropic stimulation only the dorsal side conducts

tho growth substance; the geotropic stimulation causes a polarization of

o growthesubstance transpert. :

Du Buy (1933) detormined the growthesubstance yield of Avona
coleoptiloc duriiz the development period; it was found that it rexcins
constaat for 2 very long time. Further, he investigated the different
., owthesubstence corditions in reference to aging: I will return to this
in greater dctail belew.

Van Ovesbeok (1933) was able to delect growth substance in tho ccce
¢f sprouts of Rapicius and Lepidium only in the cotyledons and the younz
leavos. Thus in thcse species there is a center for the production of
growth substanco, as in the Avena, in the tlp of the colucptile. Waern.
howevor, the colrledons are removed, then it is the tip of the hypoecoiyl
that begins to foW: growth substance. He ascertained the nroduction of
growth substznce in groon leaves under the influense of light. There 13,
hore, perhaps a conncotion between growthehormone production and.assimilation.

On tio othar hond Dijkman (1934) extracted much growth substance firom
the hypocotyls of etiolated sprouts of Lupinus, while in tals case tho
cotylcions yiclded ro active growth substance. The growth substanco occurs
distributed over tha ontire length of the hypocotyl; thero doos not

exit hors ony o - ~:mseribed growth-~substance production contcr,
Each coll puiz . cwun growth substance. The direction of guivity
hos ro effces oo ... s 0f growth substance formed; thore occurs, in

tho horizonicl lLypocotyl a unilateral distribution of the basipetal growthe
substance stresn, 28 was already shown by Dolk (1930) in Avena. E:e the
~cwecr 8ido roceives a3 much more growth substance as tho upper sicdo rocoives
loss, aAfter a cilculation by Dijlman the geotropital bondlag may bo coie
pietoly expl 'cd quantitatively on the basis of this unilaleral cistiie
bution; & ~»owth roaction participates in its occurrcnce. Tals agreos
with “ae fii.iois ¢f Choloduy (1929, 1930) and Dolk (1930); noithos could
detect ary [co=gzre.-. Teaction.
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i Schnits 1933) investizated the grevih-normone contont of grass
oucylos; they corvain this subst o

N Lo : : uosianto, the inernodss do not. Here, toco,
ASTe cceurs on gootrople stimulotion 2 polarization of the growth
U;ggvanuc with tho lower side rcceiving most of it. is is knowm undor
Sfinostasis the grass condyles grow on all sides, and it turned out that
~ien more growth substance, too, will form on all sides. In this case,

in contrast to the case of Dijlman, there will be a renewed formation of
C?owth substance, due to geotropic stimulation. Still we must consider
toc behavior of gress condyles rather than the conditions prevailing

wita the sprouts of Lupinus as the diverging case.

0O

Van dor Wey (1934) demonstratod the oxistence of polar=growthe-

substance transport in the case of the shrub Elaeagnus, and found growth
subsiance also in Valonia.

Taus investigations have been carried out with regard to the role
of tae grecwth substance in piant life. It was found that this substance
is distributed quite generally, and that everwhore i% enhances the
cxtenslon of cells. Luring the last years, however, it has been proved
beyond a c.ubt tiat the growth substance inhibits the longitudinal
growch of »oo.s (Cholodny 1927; Boysen Jensen 1933); cf. zl=- "= tner
(922). eis phen:ilozsn is difficult to recomcile with - . L Llle
Cipus rogeuvii, Wao-kechanism of growthesubstance actic:.

Bomuex (1933) attacks the matter from another dircetion; he
nonoured Wi rowita of Avena coleoptiles in 3 mm long growth=substancce
rreo eoleopiilo eylinders. Whether in this case it is the normal growth
it de detocled razuins unsettled. In one growthesubstance solution
tiese eylinders aro elongatod; this growth varies with the growth-substance
conconlirations (tio growth substence originates from Rhizopus). We find
oo oopiimal concentration; high concentrations have an injurious effect.,

Tao cloagatic . of the coleptile cylinders is completely inhibited by a
0.001N XCN soiution, 2lso by a 0.05% phenylurethane solution; similarly, no
C-oith tock plac. in o nitrogen atmosphere. The same inhibitions wore
Sovnd clso ul.a e author determined the respiration of plant portlions
"roated in tho scma manner. Addition of a small amount of growth hoimorne
rerocsed reznliralion; larger amounts disturbed it. From his siudies

-ouler concludcd that an incroase in the intensity of respiration is Pro=
Lably & ncecssany parecondition for the action of the growthesubstance

..
....... -
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2. 7.0 Gase Genonol Zoporimontal Setup.

fyleno, HpC=Clp, ic a combustible, noneexplosive, arcuatic gas,
cllleultly soliblo in water (0.254 at 0°C). Because of its double bond

=% 7 ezpudlo of undorgeing addition reactions, e.g., with halogens,

WS SCl., vilrojia oxides and metal salts. It is wcll cbsorbed by

wamlurie coid. .. woviuw of the physical and chemioal projcrties of eihvlene
25 JAven by Malio J0 ond Egleff (1919).

“he gridlng prineinle in the soarch for an exp: .ot metholology was -
&5 T04leuG: LU us noSussary (o propare an experimenian 6vvid in which



enly onc Jazter  is chazeed: othyl rwi
: giol  Is changed: Wyiene or no ethylene; ot 5 >
o st Lo l v i othorwise all othe:x

adiiions are to ramain complotely constant.

;opoealiion ol Tl : 25 ¢ 964
ped 20 I “piavien ol Dihylene: 25 g 964 othanol,150g concentrated XS0y
. [T AT VS P 3 - g
°~a"3 B ~wi& &0¢ acated on the oil bath to 230°C. Waca the evoiution of

wiyseas sterts, 2 1:2 nixture of alcohol and HpS0y is ac-.d from a se-
Jcrating furncl. The gas is freed from impurities in tho washing botile
1 lre and <280y, and taken up under water; then it is collceted ..
a gos roservoir (irlexneyer and Bunte 187%; Aberhalden's Sondh. d. Phvsiel,

Axb. 0 .. (Hordbook of Physiological Experimental Mothols) I, Wy, 59).

Tho Gas Zux: The experimental plants are exposed to tho influvence
of the gas in o shootezotal box (22.4 x 12,5 x 16 em) saown in Fig.l.

Fig.l. The Gas Box

A 34t othylcae gos i taken up, under water, by means of & gos pipctte %)
aend pressed into the box through a glass stopcock;: in order to6 bo able

%o croato o groator prossure, a rubber ball is fastened to the pipetto.
Mweys thero wos a second box without gas right next to the oxporimental
box fo> couivol purposes.

Cor.i2ol esderironts showed the following: Within given etaylero
congentraticn 1i=lts (0.005«0,0005%) the effect is unchanzcd; honco it 4s
Lo necessaly o .ok always with an exactly determined concontration, Tals
Lexos “he moihod of operstion significantly easier. The wnount of gas u.ad
Ve tanin tiocs 1indts in all experiments. Further, it was found that
alter a 24=l.u stay in the control box no damages wore .causced by the lack
of cw.ygen; - thoe ;as box, however, marked changes wero notod during this
poriod; 4n {his wiy it is established that Sorauer'!s findinzs are to be
ccnsiderod incorroct; thus the old experiments of Wieler (1883) and
Jaccard (3893) ava verifiod,

ALl ciporincats were carried out at a temperaturo of 22°C; in ade
i%ion, thous ia teo dark room were performed at a humidity of 92%.

*) Jordan and zarsch 1927




Caaptyr II: INVIZSTIGATIONS ON AVENA SATIVA
3. Gepral

In view of the fact that Avena sativa (Svibv's *Triumph Oat"
Slegeihafer)) lerds itself to the most exant srowth-substance detorminatiors
< chossy this plant as the first crperimental object, The planis were grown
i the uswl manner in water in glass containers (Went, 1928); they also
siayed in the same davkroom.

Mter 3 1/2 days the planis were placed into the shectemetal boxes
2nd one kalfl provided with a little ethylono; eftorwards they were placed
-% 3 themrostat at the same texperature as that of the darkroom; the
troxlow? gas should not got into the darkroom! Cn the next day the experie

iedie WulS bozune

bhr the transport experiments (c.f. Van der Wey, 1932) it is nocese
-y to earry out a vory large nwuber of growth-substznce analyses on a
single «y; when one investigates, e.g., the transport during five different
perlods, 4t is noeccssary to use for the analysis of the agar blocks 5 x 12 =
60 Avenu plants. Whon one determines the content of the lower and upper
plates, then it 1s nocessary to take double that number; and comparative
cxperirents dn gos and pure alr again double tho number of plants tested.
Cocapiiation of 20 iz 12 Avena sprouts, extraction of the primary leaves
and setting up the agar blocks take up at least 100 minutes. Between the
Sottirg up of the agar on the first and last plant the time elapsed is
100 minutes, and thiz can cause a considerable error. Kogl and Haagen Smit
wore ikle to show that the ability of the Avena sprouts to react %o a given
azows of cuxin fluctuates every hour by several tens of a percent (Kogl

1933).

In order % attain wollecomparable experiments, the analyses should
bo carricd out as contcajorancously as possible. This could be attained by
ucans of an clicrod experimental technique. T did not employ, as in the
©'ovious casc, a sarles of 12 plants for ons experimental series, but used
-3 Soquonccs of each series ons after another, so that each plant of _
L oscaenco nononzs to another experimental serles, The following ciperiment

SuGWETios tais  tcchnlques

Table I ,
Cimjpardven of Tuo Scwucs of Differently Protreated Tcsy Plonis in tho Awxin
Test

< s -

Sl . &) Tas onill oo 2 blocks of each experimental scisnce wora pLaced
00 &l oo odhor on two culture stands each

Serics b) Th. iskis of a culture stand were alternatoly providcd wiilh an
ez Slock of each experimental sequence.

Ly InoUhio wonk tal tura growthesubstancs® rsfers to untrozted procuct
RWrLiiea Jese nionil; by contrast, the term Mauxi:ili is cxployct fox

o puoduet concenirated from urine, welleknown chexically &3 -oeauxin'
(of. Koz, Ecagen Szit and Erxdeben, 1932).

9
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L. Mathod of Cocwin Lutoraination

; 2 szrouts nust be deterninsd contemposancouslyr wilcw

tho st C..am.,u.'.;..d tota ia ethylene and in purs eir. To thic culd cuc ol
W Looveedess.loed shsotenotal boxes is provided wi":,h & flly airtigat
soparaLiny will, as woll as with windows on the fronie and bosl: sice
-_9.2). Ia wiic way two compartments are obtained, into ornc of waich saall
¢ unt of gas oy boe introduced. Each compartment contalins 5«7 Avena

sprouts.

Fule2e Zplanation in Text.

o . Lo verifled whether the box is alrtigat. v tadc zuadco
piicod Lot 1o the first box a second one contairii:g ;.;'.;...\,3 of .o coo
<5, Aftor 12 -5 tho plants were exactly as long as taose in tho sirw
LT84 eciiiitont, waile the plants in the ethylene-gas containiry come

wesead oo much chaovuer. I measured this growth dmiiibltion &s foilows:

'U M!v [}

boLilis ‘:'.‘.3’;0""'"3.1 c cpparatus (C) .. fastencd to the scxmo toblio oa
valin tho c.:; LY Lo sitwcted, and focussad oa the picnis in tho ""o
Couipin Smiintis Had Cimola Cosvains o magazine with panchrematic fiiu wilea

.
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» ~lwiirztion lamp (A) behind the
cipocuro (Fig.2).

e S
., indIo way, su.ined each time a dowdle picturc of 2 x 6 ‘?
P-5aus, a2ll of whica wure eisoscd to the influencoe of tho gas, The waole ‘
;;?par:.tu; stood in the dark roca with constent temperature and humidity
“aceady deseribed by FllY. Went (1928). . ’

Following tho suzgostion of Du Buy and Nuernbergk, tinefoil marks
<=0 pasted on the plants. I placec the cmall glass holdors of the colew

1w
¢otiles very close to one anothur so as to be able to photograph as many
D

lants togethor as possible. Picturcs were takon every 30 or 60 minutes.

Tae filns v.:cr;: :‘in:.lly;;ojectod on a screon and neasured by the
seeeSRINS o0 Tu Ly (D953, » 816). ‘

Ze wEinid ol Lotcralining CrowtheSubstance Producticn

» adloiil. g 1o tae data of F.W. Went,nine Avena tips were placad each
v 03 & olur plato for one hour. :
W30 Acits wore then brought to the darkroca in tho usucl manner
LoLoLhon ploccl, An o serios, in tho sheetemetal boics: one §0iLoS
LeGlaved o saell wiouat of ethylens.

N

L Uly L. ITnfiucnces ol tho Duration of Gas Action on GrotwtheSubstancse Proe

Qasiioie Th0 Jienyoes woro carried out on a single day.

Lizna 6l “hay in 14 hours 18 houss 33 hours
o mge Y Pan
T

:;; 4.60 },",.10 u.oo

I osare i 648° 7.2° 6.4°

205l L Ches that the growthesubstaico produciion in ges is less,
LUt L tao wonwrary the length of stay in cthylone docs not influence
WO SR Leuuwsstance production. More on thils limitation wilil be found
“n Scetion 9, » 13.

6. detacl of Toton.izeilon of Growth-Substance Teanszont

o] %] g
P T,
SVa LS LLLNST

~ wen

o)
o

.. .. RIS . -~., -
Clild nu’u.’f ULl UL p
- )
7

ort eiperiments the plants wers sot v icetly tho
rocuction experiments. The colc.ptilos of tho "zossed!
ca long, those of the normal pianis & - & 1/2 ci. The
TWO Wers ol aoe same age.

I B R M
‘-.._u.“u.; et re om 2 -

< o2 s method of Van der VWey (1932) and cu colcontile cylindess

L T oo decceribed on p 397 of his poper; afuor Lonc L aeuice
Lo LSSl L wnlnzing the cylinders Lo good contict with the aZad
peoviiols wAtisul using his transport wpparatus (p. 4C1).

R
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7+ l.otned of Doterminciion of the noaetivity Lo Growth Substanco

- 2 rem LNV, 7. U 1 )
1~vogt_ ated, by tuo diffenont nothods, the menner in uhich
ethyicne influencecs th

8 rezcilivity of tho sprouts to a given amount of
auxin; first,we messured the magnitude of the growth=substance bending
artor a unilatera}l placament of auxin agar; second, we determined the

magnitudc of growth when auxin agar is placed on decapitated A :
optiles on 211 sides (1), p vena colo=

1) Neiucl and “"gassed'plants, grown in the usual nmanner, sre PrO=
vidcv. accorm.._, o Went's method with agar blocks containing tho sax

0 waite

sount of awin, Thereupon they . are 2gain placed in tho boxcs and aftes

i ::.vn...... a sillouette ol the bending which has resultcd in tho mooine
wailc Lo recorded; this is then measurcd (Went 1928, p 26),

2: C,_.., ,..-lc.. c.bout 3 en long are decapitated; Ll piimcsy dea?
Lo o . bw- end then a.uxin agar opplied cn all cides, T
PLoG

ChUS UU wewd BaoSod dn the same box with the scpoi-ting z.....l oS Geseribod
LEOVO. Tho sioiih 4S .;.ikewise measursed in the camo manner (M. 2, » 10).

8. Doteraination of Growth (See Fig.3)

JDce staying in an atmosphere containing ethylenc fer oro howe,
tho taln;ucd nloals exhibit a 704 inhibition of growth. Kovovor, tho growth
133 nover «ompievoiy inhibited. At the same time it is warth mentioning that
“ho ®:.cscd¥ nlants are corciderably thicker than the normal plantse Oa
soctions wo scc tuat th: cells are much shorter and widor and the walls
thicior ¢l.on ia tho czso of usual coleoptilos. The microscoplo measurezoats
of colecpiiiu colls of normal plants and gas plants govo:

Table 3
. UGas" Plants Noxual Pi_als
PRTARON 66,8 n VIR
Tidia 19.5 p 6.0 2

==

L3l Du_vccs wro avorage values of 50 measurcucnis cicde

Goovia of “onc.: The time of the bezinning of jrowia Liuilbitica is
roh the ocoae Do ail zounos. In the most strongly growinz zono, tho middlo
s (Tel5 3 foci: tao tip), the absolute inhibition is moxdmuwn; tius, there
c;:.‘... 25 & 10D paniicularly between the longitudinzl groiith and the effect
of 28, L% 4is %9 ba oxpectod that ethylene gas weakens the irfluonce of the

wth cubstance without which cell elongation is rot possible.

=sccibilities exist:

o PR
bt e ) UvVh-h‘ -

(G0 =% rToel isnisDe Fe Kogl and I ALJ. Hasgon Szit for cupdlying -
o WA el alv Gl ol nooded for my oiponi..culSe

12
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1) Dihylene infiuens

1ees the grovthecubstance production at the tip:
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, R L

CLSSS Lnn rriinthesulstonce transport from the tip

LR O]

v el Cewu,

3)~Zkhylone irflucnces the ability of coleoptils cells to respord to
cirowth substonce; and

4) A combination of tho above-mentionod factors.

We shall examine each of these possibilities in succession.

’ —a
Y
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Leit nach der Zufuhr dos Cases:i,
e

- 0. Qeuil oAl cnd Geowia of Zones in Avena, Aversge Values of Five
. lwmto Ol f“%. 7 Jul, 11 Jul, 12 Jul and 13 Jul 1933. 1) Tip Zone

L) Weel Guvwen ) Hours &) Time after cupply of Gas  5) Growth in
0.0045 ca/hour :

Te Dotoiihnaiion ol Covwia=Substance Production

L0 18y wo oo £ Table 4 that ethyleno has a uarked influcico
v CRCAeSUEs el s ooQactions the latter is reduced by avout 1/3. Tacco
Cosllo- &0 zinilol o tho phonomena arising when the tin of the c:l.copiile

2

ic irjured . - L elf. Then, too, the longitudinel growth is stopped due
10 4tk of .ol sudstance; the cells become thicker ard stay short.

Soneo Lnocens othylone injures the growthesubstanco-production
R T T . '
SVievoa wmits Weew Ve d o

Tac IU 0% pooiibility montioned in the provious coction wos vorified,
VLV SUTSOaLaelL) WD Javiiin Lo weduced to a much grocior oXtont vasn wae

. //\..u..
13
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i 1”?‘d el aetivo Sooa subsioince Srom the tip of tho ¢ boptile c:u the

3 agax PLLTS, ’..-.\_..‘,_,,s it dees not socn proved wh ',ne- tho yicld ¢

& aoTo p outh o Lusctinse end tno roduetion of longitudiiol guotrth cuo
Pv‘cw‘}thv.—-.f \—V.A'D.-;D.‘.O. a.l.l ¢

s Know is that vhe amount of growth substance®
nd.u?e gro.uh substance bend;n« are proportional to each other within
cortuin lixits (F.W. Went 1928; Dijlman 1934). We do not know, howover,

2) Wneth.. oll growth substance obtained froz & planl is e

. for the grciuth and vice versa; and

3) Whother we obtain, with our present methodc.ogy, &1l tho zctive
goowiel Lubsi....co from the plant.

lg How much grouth substance 138 necessary for a givon grot~

% I sosost *":ﬂs {Pijlosan 1934; v. Overbeok, 19353) attcunts haove
v boon mado o w..lea tus thoorotical insights through cuaniiiativo eiluss
L based on oo shectistaneo daue“minauions, as long, howcver, &t tas Lbove

; Crestions . ..oain wisobiled we must take these theoriss with the g-oatest
causion; ia my opianion they rush ahead of the exporimonts.

§ : TAblo &, GrowiheSiisiczce Preduction in Avena in Gas and in Pure Air,

Datum O

Wm Mm.xpxodul\uon in C/ Vcrblelb in Gas

b ot e e

.
} Gﬁ\ ”!_ r\.mcr Lu(t( l in Stunden. @
18.11.32 f' 4,9 7,0° | x20
| 21.11. A 5,1 ' 21%
: . 25.11, ] 4,4° 83 5 33
‘ 26.11. AL 6,5° | 12
28.11. .58 8,9° ' 13
. 2.12. 460 6,8° : 14
3.12, P41 7,2° | 18
3.12. 4,0° 6,4° : 35
7. 1.33 7,5 9,2° ; 31%
15, 1. L1y 4,9° : 15
20. 1. D29 4,1° ‘ 35
20. 1. 3,5° 5,5 ; 35
20. 1 3,8° 58" | 35
Total 57,0 - 659 | 87,3100 % |

1) Date 2) Gro. ..-Substance Production in 3) Pure air &) Length of Stay
‘in the Gas, Hours

10. Determination of Growth-Substance Transport

The transport was detormined by two reethods:

A) Short oylinders (2 mm), high initial concentration (1009, =i U
transport perioed;

pLC
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L) Lonz eyiieders {6 ma). i oinitial conceatraiion (20-300) lonz

woonsnowe woricd (Lo hours). ' -

.‘nl;:n oSN ol Ls Joler nod in the lastemontionsd monnor, it is
TTI0LLL0 W0 gimuiviocously detealas the consumpiicn of growth subcicneo,
Zoo0 b is noturally csswaed thit the initiel concentrotion and, at the
c.d of tho aiperizont, tho growth-substance concentration 2re deter:ined
tsih dn the upper cnd lowor plates (Van dar Vey 1932, p &3.). In these
cuzcorimonts the transvort takes vlace always in the zas, while the experi-
znonts with short tooport periods were carricd out during the after-effect
wordod of tho gos. I then placed the cylinders after cutting in the gas
Ir a few hours, after which thsy were used in the trasport experiments.

et

N /i
o 4
L
3 ¥,
8 )
e
m_«\"
5 =
i "
Zeit in /4/ﬂu/m
1 ! 1

L .
0 20 Jo 49 %0

Fig . Volocity of CrcirtheHommone Transgort in Avena in the Case of Short
“ranccont Peviod. 1 Fob 1933, Initial concentration 100°; Length of

c/iireor 2 mm, Additional Exporiments may be found in Table 5. 1) Time in Min

Rosults: from eight experiments with many different transport periods
it wes Dounl that T“he transport was fully ideatical ia normcl and in gase
“ocatod plants (Fige¥).

b. Also in the caso of these 7 ¢ -oriments I was unable to detsct
eny cifferonces either in growthesubstance consumption or in long-lasting
transport (Fig.5). '

Tais avoves unequivocally that ethyleno has ro influence in Avena

on tho growia-substance transport and growth-substance consumption.

15




1o 5. Grovii-Horrone ¢:an¢aort ia ave““. in Gas znd in Purs Slr
- _t; l C.iccatretion 100°, Length of Cylinder 2 nm,

(_.)D:mm*.' - Transportzeit Gy ' Grenzvs.
1938 | 16 Min. 24 WMin. 32 Min. 40 Min. 48 Min. WIﬂRCL
I R T M I P ‘33__;; o T

FGas D31 ¢ 51 9T §7 1 —< -
72 | Normal | 42 | 60 | 80 } 03 | — | 209
e, |G 337 60 88 | 122 V208 |, ..
82 | Nomal | 23 75! 95 | 125 | 234 | 268
":“"Fcu 24 0 51 54 180 =T 0
A ) ﬂ | ’ : £l X ’ ’ -]
P2 Nomwal i 44 | 52 | 725 | oa | 226
Te2l G 37T oA i o000 T2 33T

(} Abb. 4 Normal 44 62 1 91 1,1 | 13,6 -
Ve 23 36T 6s T80 =l
132 | Nommal . 38 | 51118 ' 15 — |2
o T Gas 60 T Y | 81 | 102 1 — .
72 | Nommal 24 52 0 775 0 100 | — | 23

. Gas b33 - 71 88 | 1oo ; 13,4 .
202 Nommal | 20 , 61 89 | 99 | 145 | 137
T Gas 66 - 10,0 1127 18,1 .
212 INorm.\l 56 79 | 124 l 56 | 199 | 212

i) Date 2) Fiz  3) Trensport Period 4) Critical Angle
Honco tho socond possibility is not realistic.

The growth-substance transport is also independent of the cmount
of growthesubstance supplied (Van der Woy, 1932), of the effect of the
lonzitudinal component of gravity (Pfaeltzor 1924), and in addition,
the effect of temperature is the same as in the case of other life pio-
cesses. (Van der Wey 1932).

The growthesubstance is thus very rosistant to oxternal factors,
even t.icn the lattor have an effect on growth. Apparontly it is one of the
facicrs having a primary determmining effect on the life phenomona of tho
piant. If one desired to determine the place occupied by the growthe
substance mechanism in the series of plantephysiological proces:es, it
is necessary in my opinion that he undertake first of all a thorough
investigation of the connoction between growthehormone transport and
motabolic processcs, f£irst of all raspiration,

11. Dotormination o2 the Reactivity to Growth Substance
Eocoinents on this reactivity are not oasy since it varles greatly,

go st wn cq*'"oc..l oxperizonts are hard to obtain (e, Xogl 1933,
Jawvitzor 9}‘) ,
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Dig.Ze Veliolyy of CoowrdheHormonse Transport and Growth~Horaono Cousiipiion
o ..conha iz tho Coso of Long Transport Peried, Experiment of 3 Ii:a.' 1933.
.oaota of Crlindcs 6 mx:. fdditional experiments avo to bo fournd in Tblo 6.

?.o2e 6. Transsory ara Consumption of Growth Hormono in Avenz, Iritial
Conconsunfon £0-309 Cylindors 6 mm. 1) Date 2) Transport Valuco in

Solv.es Ly Al hox. L) Initizl Concentration 5) Mashmua
Cozmowspbticn 6) Critieal angle 7) lower 8) Upper
U/ L
p— ',:-‘ ‘l. . @-: __"
Da- [ Transportwerte in Graden (& lgf‘g Eégig%
e \ ; ” ¢l &5
o3|  (Nahise| 1jsS. | SS. i kSt | 3St | as. (<M EPEISE
,.;;;-_-_:- -1:;};;Té‘;ﬁ*-um_c; obcn untcn oocn umcn  oben umcnf oben ;untcni oben 1 !
s3g 1C3s 160 141 70 136 97 1L1 1104 104 — | == - Q25.2°_g °1157
22 | Now. 5751143 (69 (136 87 121 106 98 — = =l = ; 4'?_,,_
—— - — 5 o | e - — | 63° —
TGas & — | — 125 90 — — . 72 060 i ' ; i l19 ,5°
232 ‘Norm., — @ — 73 92 — — §5 58, — i — . — |- 52
: 7, 1 Al - R 3 - l.—- 2 4 H — . 2° H —
i Ga s 3 . 11'7 — — 7'3 : 6,25 a— ; — ,25 : 4,8 — ! 24' t 11 .
13 ‘;m‘sfig,z:_ i qal sS4 — = n2sis50 ) — | = | 85

'1/33 G'n . 6.5 111,25 f

| e - e
89 08 . — , — 94 80, 95551202 sz*sxs,sﬁ

Abb.5 Norm.: 56 110 | — 1 — i 80192  — b — 100 ] __7,5___[ 104 | 3,7 1200 ? :;"_20 3

Tog T = 105 82 — | — 1i26} 5, 3.1 T 4,9° 20,1
AN I e A A A L RS
e T T 33 T 821 501 65 | 90 41 —  — | — s [202°) 63°1205°
163 \o'm.= o — 37 86867l 90 50f = = = = _ 60
Ton Ga = = =07 T s CX N L= 290 64° 22,7
0 Nom.! — | — | - = 3,5

—!—gn,s“cof-;-l:ss,ss'g
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. 23d (3 /¢ L% vas not possibls Lo obizin 2
will g opic 2 in this Lannor. ¢ =

“;s frooooah nl*nta often rozeted nor
wonzlv. o tluss, howover, wovc weakly than the romaal Llants, o

ere wes no difference at h_i. Durlnv these experiments I got tho iuprcce
sion that {ho lime of eXposure to gas governs the reaction.

y Sccond livthod: With this experiacental setup I as zble %o observo

vie .--iucico of tho gas during the onset of the reaciion. .lere ii was

cl.oorly seca how matters stood: at first an increased growth set in,
w.oreupoa the reactiua was mors or less the same, cnd at the end the

ﬁo-ctégn of tho gasetreated ;..nts fell behind that of the nommal planis
Alg

ory
o
o

S

7
&

S

S e

Zuivaehs 1y Q0048
x

e il
5 |
bas
x 1 R T, Ze// lﬂf’.u_”_m_gt’i_..l PRSI S|
1 2 J 4 s 7 g

Pig.é. Ability to Rozet to Growth Substance in Avena. Avoraze Vilues of
Fuvo Exvoerinontc Jorformed on 28 Jul, 25 Jul, 27 Juvi, 28 Jul cna Sa Jul 3
1) idditional Givnia in 0.0045 cm/hour' 2) Time in Hourwy

Ad
L

Heo s this incireased growth to be expleined? [ ¢ result of tho
25 effect tho cells received, over s prolonged period, too litile active
.-owrth substascc, while on the other hand the supply of building matexicls
ccutinued,, When the colcoptiles in this state are _upplied a2 largo amount
of cuxin, the lalior init;ates the longitudinal g-vgi; at an accoloated

o
a0,

- ~ w3le of growth substance as tho indtiating f-cror in
coll growin a- -con very clearly.

Svmmary of Experdments with Avenz: Ethylono nas a marked inhibitory
eflcct on tho growth of Avena coleoptiles. Tho elongation zone is ine
khibited to the greatest extent. The growthesubstancoe production in gas-

trcated plants .zounts to only 66% of that of normal plants. Ethylene ine
juo.s tho growthesubstance production center in the tip.

f The transport of growth substance as well as its consumption are
‘eompliotoly uninfluenced.

The ability to roact to a giVen azount of growth substance is tczpo=-
,Zv enhanced; sinco, howevor, this factor is al:iys subject to othox
con 3 (Kogl 197  Pfaeitzer 1934), I co not o this point uish to
go L. 4 moro decioy.
18
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- . . .
2 < b - .- J <~
) C3U (L933) finids tho foil wuavlon wron aging LD Auwera
C oot .. ~ EEa P LT Y ey e 2 -~ p
BIR M S “o Cooniliesn ugu,“vg Yii-w tomcing tho scamo, the trarsnont

S s megan R )
....v-u....‘s.g, Tle gaote

nesudclince conswiztion iacrcases, tho rcactiv:.ty

cI.uc- CaSLS,. '....h.,, t..J0 pacrc..ura are precisely the opposite o thoso whioh
coSorved,.

et enny s
CL=> PN A

2. Stu.ios with Diflorent Dicotylecdonous Sprouts

Loo follsuinz were plented in sawdust in the dark at 20°: Seols of
canscolus L olzanis, Vicia f_ba vaseninoz, Pisum sativez, Lepidicm
Lativas, Lupicus cnzustifolius, Rephanus szgtivus,

Situe Ve Jays I placed the pl wis into similer sheetemotczl boxes
Lo tioso weed ia tas Jvena oxperiments, only their surfaco area was
sreauels Lociin ono helf of tho plants were places ‘n thc comparitucat with
~.2, tao otlor half without gas. The compartments oo aiicd dally, and

e, .
~auSh $og wes given.

A considiat... .8 influence was noted throv-loui; tlll there wore
dillerencec, Tho pacnouona niy be dlvided into sewvesal c"‘c”o ies:

1) Hovdzontel nuiotion: A flat, straight growia tending s ightly
vosceds, o smaller songitudinal grouth inercascd transvorse gic.. .. Sore,
w20, o found tho "triple rosponse! in the sense of Kuight and Coocker:
c¢3ioovy—s of Vicic faba minor and Pisum sativua,

2) Zac aysocotyl exhibits a strong thickoning and becomes coiled

—.ie & nizfs U0 ot timos the sprout again grows in tio zround. They are
oy, conommal v coredonca plantlet hypocotyls of Pacscoius wvuligaris
i--'.i P—:-";Zunku SlvaViaw e

5) Tuo wrseeliyl likcwisa thickens, the sprout ncrortholcss grows
nomally steaizint we ods and is only thicker and chorti.>: hypocstyls

ol Lumdicas nuguseifolivg ond Lenidium sativia. Avena gsativa beaaves in

@t P - s s
oo wewdlQ Ll Ll

£11 centrol plants which were 2lso placcd into choet-metal boxes
cihidicd the welleknown, stesped up le..z vertical growth of etiolated

.
-oU-‘ [ ]

Thus at 21l tizes the longitudinal growth is injured and transverse
growa is caacancode. .

CinPTlZ IV, EDRRIMENTS WITH VICIA FAZA

- .. P ]
=5 CGoncrol

LILcr the Jolimminaticn. of Jijkman in hypocotyls o Lupinus,
tocted tho growdiecudotanco Conaitions in opicotyls of Vicia. I always

=9
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: 3 ’ s=duence o the i ca tho sprouting of csillio-

-

Lues. Ho obs‘c;'-v‘ed tho influence of a substance, vory likoly .. growta
subsi.nce, vaicl inhibits the sprouting of buds in intact sprouts; vion tho
sowlk Subsicnes Luply was desiroyed by decapitation, the buds burzooning

o s

Lo ulckly. Taus ia this case the growth substence had an inhicitory

o
-
e2leoct,

f:‘.‘, 2
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- I *nanr ard Skoog (1934%) determined, by mcans of Wea's methed,

T LRowl.-gubstiiace contont of plantules of Vieia fubs. Espocially iu
D oead U4 ds weovre a lovrge amount of grovih substancs. Ghe poshinz

c.Lliary bucs conloin almost noune; the budiing ones, howover, do coniain
govth substanes, Taimann and Skcog succoeded in blosking tinc bw corinl
ol «iidlicry buds Ly supplying the deccpitated plants with extificicl
;uxin (¢inized from Raizopus). Thus in this case the growth substcoice

T WSks ¢ L oL for the time boing thero ic still tio poscioillig
Wi & wuae Lo poored by en izhibitory substance.

Wy know today, thanks to the studles of Caoleday (Lu2?) cnd Eycen
Jurson (1953), that the giuwth hormons inhibits growth wlso in roots (cf.
clco Gortor 1932). Thus the growth substance is a matorial with a sivonzly
roguletory Jifect on call elongation , both in 2 positivo and 2 ncgatiive
scnsd. Tho abtoveedescribed work by Eeyn, relating exclusivoly to Avoena,
cannot as yoi be considered as having a goneral validity. Tac question o
£3ill onen how tho growthe-substance effects the plasticity of tho Troot
r.embrancs. . oo intonsive study would be very desirable in this »ospect
(<09, however, Eeyn, 1934).

Zoothic worle, w.uweover, I would like %o limit mycolf <. Zho influcnco
of ethylcnc. For 1y studies I chose the epicotyls of Viela iiha var, ninor
(Merncehe™%'s broad beans). In gas the sprouts exhibit the noteiorthy behaviows
cl wol . ..in- U Liough tho surface but boring through the sawdust cnd i*ce
moining noniooutel (Fige?). I have attempted to subjeet this phoncmenoxn

do -, = e .
o s-:.&.k:;h—u .

~.c ceeds were softoncd under water for cbout 36 hours and then
placed in wet sawdust in earihen vesscls. Soverday-old plants were best
suited for tho experiments. They are grown in the dark chamber undor
corc “~nt conditions, but already after two days tho vessels were placed
in twuo Y-rce boxes, one of which was always supplicd with some sthylerne.
As 22 - chated, the boxes were situated not in a room with constanti
ten .cavuro but in a thermostat. :

1%, Methed of Growth Dotermination

C.0 cay bofore tho beginning of tho exporiment etiolu.cd nori.l
cprouvts “.ure planied in one row in zinc vossels wii: zaudust, and pro-
vided with tin-foil label.. Two ziac boxes were puo....od with a glass
window on the I{ront and back; into each of those baiics were placed 4 plants.
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A womit

cellaTe Eorizontal ‘Iuta.tion in Vicia ‘I‘u.b..‘ ‘

Coo of 4ho Lomis ves supplicd with a littlo o*hyicady, £o "i.....":.;it wasg:
ool PosShile Lo Cutimine sir:.ultmoou..ly tho grow‘ah'i: ;o5 and in‘pure air.v
—J» Loticld o Sotezalnation of Growt.h-Substanco Produc‘c...o”

LA emage s

w5 s luvestioeted whether the epicovy.... con
S ke ziopose Ioeul 7 um long pleces’ fron"the epicct
or & for minulcs on wet filter paper, and with. thoi.r,
...1 azex ook (2:2xd 9 rm). Each experimental series:
LALAS, Teia & VACW tae varin.bility nt the mato::...l

o \I..“. si0n of ..he epicotyl pieco the azax ¢
oo WCU LT WLy milaterally on’ decapita.ted Avona culéopts_.y
: v e %ao cv..co-:..iles gave tha value ol tho gz'o:.‘.;';‘.-..ﬁ" #o'csa
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t 18, Methel o Dotomatin “ion ol Cusuln~Substonce Disinibution
b
P 2 Y A 3 ~
Ot weea  euw IR oSN s 300 s RS IAN o

, Rt - L TeeRD cames ~menis 7 rmalony ozleatyl cylindens oo
SRR K N SR N R S - e e 2 T .
CUT Uy of 7-duy oua ellolatod plants. Leecondi ng to L.jimaaa (193~, » 447),

I plucad thea on & horizontally placed razor.

Since 1t haa bocu feund in the cuporiments on growth-hol.iano puce
cuction (ses scotica 18) that the epicotyls contain very wuch growtia
substance, it vis nocessery == in conirast to Dijlman's procodura w= to
apply ertificlal awnin at the fres end of the cylindorc, Besides I could
covernine iie grovthesubstance content of the agar blocis clroady afics
a crastor of an howr, and so I could investigate whethor o unilaterzl
cistridbution in the sense of Dolk had set in, Aftor this first quosde
i o the sgar blycks were placed quickly into a'moist chomber watil tho
zorlomenes of wie growtheswbstance determination, and tho epicotyl
¢y .~adolr vos provided with new, © o ager blocks. Those, too, stocd fou
=i~ hour oa the opicotyl pieces ani then egain wepleced by new cnss. Talis
nrocoduero was rcpocted several times until I acquircd an idea rogardin
120 tizmo in vhich the unequal distribution set in. It was posciblo Za this

x Ny W Coucanine the geotropical presentation timo.

Y T T T

L a = ek Xanittin )

L% tho sano tinme the presentation tine is detexuliuned in Lo
voucl menncr, l.c., the time in which a bending takes nlaco ulilch Lo
+15ible 1o (Lo no'l:cd cyo. For this purpose I planted aine plantulces Zi &
: and placed .o horizontally in front of L sercca covercd wits
E: LLTT o gsa papes. Taedr position was read evory o./4 hou.

SRS S 3T . o

e 0 e vl . €D Coowth (Fig.8)

Tao growt's could be dotermined only ovouy 30 uiisatzsy the Lrhidbitiorn,

howover, el cod in only during the socond half how of tho —uaflucico
of tho gucp tho groia of tho gasetroatod plants thorcofior womalins wnlilolily
g £l Lo sovewal hours, but does not compleloly disciponss Tao Sduilocllly

waie tho cunves givea Ly Avena (Fig.3) are stciking.

Lousarrie L3 of tho growth of the zones did not orsal curdlliyg

DLoVlowior, Lo Lahlciizon of tho grouth occuired oOVLLYMiill diliLliidivad
Sl W0 TR0 Cwls wteat,

. s Snrnnil Lilcn tho epleotyls grow less cloily, bub LU Loliso
RSe Jeng Wi s pesirth ceases entlrely. The lonjwelosiing gwotien Lif
o >

. seralzs oo wnliinid Ly the large growthesubstance siooic ¢ Tao ¢rleci -,

-~

—2e Dotonainliion o Coswth-Substance Production

. Seadr Taliara ool Skooz (1934) showed that thoe o lcotyls &l
ol Poba Lliia ca exureordinary amount of grouta culsltonico, IV

. Looanbordil sLos shich zone (Fig.9) I cut tho ceylinder. cub of 7-doy
Dol Tl JSeassd o moasurable amount of gronsa susciance dauenlyS
o N I T .
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Tovlo 8; 10 Oct 1933
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] | Pil. 6 Tage™ Anz™ PAl 10 Tage. | Anz®
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I

165 = 1,0 | 13
103 + 08 | 15
58 + 13 | 11

l

Spitzenzone (V 14,49 b 1,3 rola
WMiulere Zone . (2, E 147 2 L1 1 16
Basale Zone....Gd | 139 L1 1 17
Extr. Zeit 1) Stundcc/ '

H- 1

N
H

!

PSSR L83 Teso 3) Basal Zone &) Ertwszctica Timo 1/2 Zous
vy P 6 &) Lazber :
P T ": is placcd invercoly, thon tao yisld of growta
..\--...u..O -u a v.. w.. ..J e . CO; d
”“b.s.o 9; 6 Oct 1933
ST L,8 + 0.6 28 ziants
R 20,7 £ 1.5 15 pioats (Coitie
Y § - - v . ‘-..“‘0)
FOREAE o 3 S AR AT BOR YA
R
‘ ‘ ‘ Normal
3 A
Sl: L..Jr :
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. s.;'} : —
\// 4 Lrmtnaanccwanmwaed
; . ” !
| ’ o
' 4 )
i ,% {; 2eit m S/una’m (‘)
: J} ) P 1] 77 ) 75
L . - ~ (AR TR 2 )

Toomnlnrty L Vieda, Arrow indicatos th t Lo L Eswes Cao was
cee i im 0.00%5 exfhour; 2) Time im Houws
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Fig. 9

Ia the ceee of Vicis faba, too, there appereatly occws only a
| : besipetal trensport.

- The socurrense and distribution of the growth hormcne of Viois
. faba 4a fully occaperable with the data of Dijlosan in the hypocotyl of

- 4 lupiems Qdbms (1933, p 112). Here, too, there is no fimly circuwasoribed
z;: Sronib=Rorusme oontor, Bowever, Vicic furnishes 203 times mere active

s -——————

IO _—...-—.‘.A..—..—o-“

e of Wo seascns is signifiocant also in the darkroae:
bafiBStinne production attsins oaly ons half cf the

' Tadle 10
~ Sittcfuanes 2 Srewtbaliosmdne Predwotion in Sesmer- and Winter Plsats
L -
Bate B3Aresticon Tine  Growth-lormone Muuber of Test
Sontent Plants
Ry
. ) 2% Res 1072 /e nows 15,8 2 0,9 1
12 Dsc 1923 1/2 bour 7.520.8° . 12

j . What is the situation of growth-substance production in ethylene!?
i The yileld of sctive growth substancs is very strongly decreased by
0.0005% othylens. Only & very msall smount remains (Table 11).

¥hen the "gassed" plants are afterward placed in pure air, a partiasl
Tegensretion takes place; 8 Dec 1933: "gessed® plants, for 24 hours again
in fresh air: ext. time 1 hour: k.1 + 0.9% 18 plants.

DAAERE————— = ’ ToTe oo T T T . e e




T T ... s e = _
-
P ' Table 11. Growth-Hormons Production in Gas and in Pure Alr
| : in Vicia Fabs
' { P ; « \l“\'. i ;:(‘ 1 ‘:1 !
: Datum ;.- , : (:,l Extrakuons-
! 19337 i Gas '};‘“ E‘f)_:r}t:l I?»?f,":““ in 5@1.1

M |

2310 | 1,44 0,2_' 35125 06 18!
7.11 | 294 03 ' 36 P (Grenzw{ ] 32
. 81 ; 654 0,6 I 8 196 (“renzw.) | 45
! 1411 ' 984 09 {31 271 (Grenew) | 28
15.11 'l 72+ 08 : 48 v (Grenzwl) 42
211 : 64409 ;10 212 (Grenow) | 15

O R

ta by ts 4 tra.ti Bo
1) Date 2) Produotion 3J) “)53 Cﬁﬁou ) E on Time in Bours
Even more significant is the followin, experimesnt:
Table 12; 12 to 15 Dec 15}, Extr, Time 1 dowr

(UNormale Pfl.....ccovvenannnnn 150 4 1,6 12 PAL.

O'Nach 24 St. im Gas.....ooveenne 40 £ 08 17,

o 48 ., e 46210 1T,

BIGapfl. oo 40 4 04 12 Pl

(§Nach 24 St im ceiner Luft ... .. 100 5 09 12,

‘ : o 48 . e e 1360141 14,

1) Normal Plants 2) After 24 hours in gas 3) "GCassed" Plants ) After
. 24 hours in Pure Air Pfl = Plants

The standerd (Kogl 1933) of the reactivity of Aveas colecptiles is
detersined every day; ths bendings ocourring in the above experiment on
different days are then recalculated for this standard.

when does the marked inhibition in growth-substanos cocur in the
! gas? A large wambey of sprouts are grown simultanscutly; one quarter of
: them aro aralysed for their growth-substance content after 5 days, the
j other quarter are placed in the gas for 3, 5 and 9 hours. All analyses were
; carried out simulthneously:

Table 13; 18 Dec 1933

1, Bxtresticn Time 1 Hour; 7.6 £ 0.8 15 plants
zn " s 1 &u' 2.0 : 00“ 17 - . 3 &’“‘ m G‘s) _'
3. . ® 1 Houri 2.0 £ 0.5 15 = (6 * L
b, " . IWI zozzoob 18 .‘(9 . LI
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Thus after three hours the irhibition is already complste; it
remains the same during the naxt hours, The next experiment shows that
the maximel 4nhibition is attained alresdy after the first hours

Table 14, 20 Deo 1933
1, hn.not.ton Tise: 1 Bour 6.7 + 0.8 11 plants
2, * 1 Four 1.8 +40.,6 12 * (1 Hour in Ges)
). * * 1 How' 1.2+04 212 2 Hours * * g
k, = * 1 Hour 18505 13 * (3 Bours" *

I did not succeed in establishing the time at which the inhibition
sets in with an evengreater accuracy. Thess results, however, are fully
ooaperable with the growih curves: growth and grovthesubstanco content go
hand in bhand sver here. All these conoclusions, howsver, are only qualite
ative, since the growth inhibition by the gas 11 relatively much smaller
than the decresse (almost an eliminstion) of the ercwth-substance content.

19: Detemination of Transport and Distributioan of Growth Substance

Already Dijkman (1934, p 420) described a few experiments on the
oonndotion between the time during whioh the affect of gravity is exerted
ard the distributioa of growth subztance. He detemmined, after one~half, 1,
2 and ) hours, the differences between the amount ¢f growth subatance in
the upper and lower halves of the horisontally placed hypocotyl cylinders
of Lupinur Qbus, It was found that the difference in the first hglf hour
stil) lay within the limite of error, but that after ons hour a unilateral
distribution sets in most clearly. The value of Dijkman, bowever, are aot
very regular, and have been obtained with very different muxbars of plants;
hence they need & more thorough confirmaticn. Thanks to the Ligh growthe
substance oonteii proper to my material I was able tv make this confimmation.

I determined the diffasrencs in growthesubitence content in Wheo upper
aid lover side ewery 15 mimites. It may be seen froa Table 15 and the
guphiosl representation (Pig 10) that the unilateral distributicn af
H.l. KW-W mmn. ..u 1!] 1n Lﬂﬂ Lﬂlm O\mrur m:nr ll’(.gl' l’lbl‘! IOPY&I
phc-ont: the psrcentual distribution reaaing the same duriny the naxt
hours; this was the oonclusion reacaed alresdy by Dijkmen on the basis of
his figures., If we mssaswrs the geotropic presentation time in the usual
sanner thea the figurss obtained are ths same; here, too, I cbzerved the
{irst difforences in growth betwsen upper~ amd lowser side in the thlixd
quarter bour, After this period the angle of deflection #till increasnes,
but the anount of increase in deflection per quartsr .our remuins approxi-
mately the same during the next hours; it may be compared with the ourve
of growthesubstance contont after the onzet of the unsqual growth-substance
distribution, This then i3 a further suppuri of the growth-horsons theory
of geotropism, as originated by Cholodny-Dolk (1927-1930) andé sxpended by
Dd jioman .

Bul iet we retwm 0 the discossion ol tie iniluence ol ges. A doler-
minaticn of the growth-substonoe oconient »¢ the uppar and lower half of
the oylisdsr, 15 the ceso af gas~treal:d planis, was difficuldt dua o thsir

26
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i Fig.10. Relaticnship betwsen unequal growthehoimone distribution and the

incroass in bending of gsotropically stimulated eplcotyls of Vicia Faba,

The yprer curve shows the inorease in bending in degrees; the lover the

grovth=bormone oontent of the wpper~ and lowsr side in percent, 1) Upper
2) Lower 3) Time in Howurs

; Table 15. Appearance of Unilateral GrowtheHorwone Distribution after
Borisontal Placement, Only thae Percentage Figures of the GrowtheHormone

Values are shown. In esach determination li~18 plants were used.

O = Upper side; U = (owver side. 1) Date 2) Aversge Valae; liach = After.

: Datum
Q@ 1933

Nach Nach Nach : Nach : Nach Nach
ll!rli‘n‘. 30 M. 45 M. ! 60 Min. } 75 Min. 90_Mm.

U ¢ U Oo.uvu O U olu Oo]JUu O

6101, |52 48 46 Salex 3l 1 i o
il.j-- — 148 52;- — 59 41 — — ol 39
9.10. |— — 50 50[60 40!63 37 6l |- -
11.19. 1% S0, — ! 3758 42 67 33 .- —
1710 ! — — "49 5 ° — 5 44 60 4 — —
200, |- —'— — — —l16 M — —— -
2110, '48 5257 43 67 33| — —i59 41i65 35
M- | ; T
© M 10 %0 50 5 Vo3 37161 39762 3843 37

amall gowtb-iwiwone oontent. Nevertheless I obtsined the following datas
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Table 16. Unilaterel Distribution of Growth Substance in Gas<Treated Plants
in the Horisontal Position

Datuin Wuchsstoffvealung y 230 deg - 2ald de ! E’“”:““‘"“‘.‘
1933 . P(lanzenu Pllanzen e VY
o Umemuc _9‘1"“"\-'\ Unterseize . Overscite | Stunden

T2000. 14 - 04 410 07 18 e 2

7.11. 0,9 0,3 20 0,3 16 : 20 5

8.il. 25 - 05 490 Q6 23 25 4

14.11. 4,1 - 07 SS9 . 11 18 13 4

15.11. 3 .06 41 0 00 25 ! 23 4

Tonl 12,0 20,1 100 T A

1) Date 2} GrowtheHoruone Distribution 3) Rumber of Flants 4) Extraction
Tine in Hours §) Lower Side 6) Upper Side.

Thus the upper half always contains most of ths growth substance.
The value of the absolute difference should not be taken too high, since
it s perhops still a 1litile too large due to the very small angle of
bending. However, I believe nevertheless to have detected a difference.

€0, Influence of Gravity on the Horisontal Growth of Sprouts of Viola

Keljubow (1911) belisved to heve been able to show that the hori-
gontally grown gasetreated plants alweyz seek the horizontal position whea
exposed to gravity. In this way he comes to the assumption that the hori-
sortal nutation == in the sense of the term used by Wiesner -- is not
autoronous but that thelw cocurs a transverse geotropisk.

it appeared to me fitting to underteke another study of the geo-
tropio bahavior of Vicia plants in gas,

To this ~nd X planted Vicia faba seeds in the sinc ocontainers
wsed otherwise for zrowing ivena coleoptiles, and exposed one half of tha
plantules to ges; the plants wede again divided into 3 series:

’l! I-un-ﬂoanooi c’-n!
—tia g

0w » = ww oo wema,

upwards ;
3) Seme a3 2, except this side is directed downwards,

The plants received, respectively, frosh air and fre .  as every day.
After § days the plants were taken from the shost-zetal box.s, stuck on
photographio plates by means of needles and a silhouette was prepared, Figs
dla and 11b shew the drawings prepared after thess silhousttes were taken.
An offect of gsotropism on horisontzl nutation is not observable.

Results of Experiments with Vicia Fabe. The growth of Vicia faba

plantules is strengly rMduced by ethylene. The inhibition extsnds evealy
to all sones.
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- Fig.lla Fig.1lb
Influence of Direction of Graviiy on Horisontal
Nutatioa

NOwrtA!

The epicotyls ocontain a very large amount of growth substance; in
young plants the same amounts in all zones; in clder plants less in the
lower rcnes. In ethylene the yleld of growth substance is very greatly
reduced, so that only a very small amount remains. .

The unilateral distribution of the growth hormone and the geotropio
bending begin st the same time, in the third quarter hour after the
begicning of the geotropio stimulation.

Under the influence of ethylene the growth substance remaining in
the gas-treated plants is distributed unilaterally; the upper half
contains most of the growth substancs,

CHAPTER V

4]

.3

| !
l.ll

Sumnary oi fro= Mooy Thoory

g;u_;t_.q ..m.\ Couvlubivie YW be Tiawn

Briefly suzmarised, ths results are to be formulated as follows:
he Avena

1. Ethylene reduces longitucinal growth (section 8)

2, Ethylene reduces growth-substancs productica (seotion 9)

3. Ethylene enhiances transverse growth (section 8)

4, Bthylens Las no influence either on the growthesubstsnce trans port
or on the grovth-subounco carsumption (section 10)

5. Ethylene hae & transitory promoting affect on the ability to
rsact to growth substance (section 11)

Be Vioia

é vl tal od vl
. St-h.(‘::zi:::li’o’ 8 hor yon grovwth uninfluenoced by gravity
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7. Ethylene very sharply roduces the yield of growth substance
(section 18)

8. Bthylene causes & distribution of the remaining growth substance
in such a manner that the upper side receives the greatest
amount (section 19).

Co Geneoral

9. Bthylene does not ohange the least the effectiveness of a
directly applied auwxin solution (see p 32).

What conclusions can we draw from these facts? In regard to (1)
and (2): It was found that thare gets in, timultaneously with the already
well-known strong inhibition of longitudinal growth also a significant
reduction of the yield of aotive growth substance. Already F.w. Went
(1928) has established that without growth substance no longitudinal
growth is possible. I say "longitudinal® intentionally, since as can be sven
from point 3, thore is observed a very great transverse growth. This
holds t:rue also for gas-treated Vicia plantules which contain only very
small amounts of grovth substanoe. Apparently the transverse growth is
nuch more indepandent of the growth~substance content than ia longitudinal
growth.

How do the o0ells change when this transverse growth ooccurs? We note,
on seotions (see Seotion B, above) wide, short oells with thick, layerod
walls; apparently no inorease in plasticity hes taken place (see Heyn 1931).
Howaver, there did ecour an increase in the substance of the cell walls
(through apposition or intussusception).

This confitms also tho view of Heya t.:w. on aotion of growth sub-
stance on cell growth the primary change is in the plasticity of the ocell
wall, aud only later does the overextsnded rembrane get fixsd through
intussusception cf new particles. On the ccntrary, Soding (193%) assunes

on the basis of his experiments with strevching organs that in cell ctretching

there sets in immediately an intussusception growth. Siunce, however, it is
sean frox the present experiments that in ethylene nc elongation sets in
a3 & Tesult of ths damage to the growthesubstance production, but that
tisie Qes oour & Wansverss growih through iotissuscspticn, Soding's

viow appears to me doubtful at the least,

The supply cf new building materials from the roots to the sprout
cells is appareatly not too much disturbed by ethylene; this is proved
Ly the faot that ges-treated plants exhibit a strong gutvtation and display
no partioular transpiration disturbances. Beciuse of the increase in the
subatance of the cell walls the aprouts become thicker, and this way
the ability for elastic stretohing and the elastic stretohing 4tself are
decreased (see Hoyus 1531). The cell stretohing which normally rendsrs the
walls longer and thinner, prsotically does not set in, due to the strongly
redused amount of sotive growth substance, a condition brought about by
the ethylene. The cells remain short and thiok; the pcsition is stebiliied
and a subsequant supply of growin substanos does mot btrring sbout much
change in these cells. Nevorthaless I wes able to dsiect a tondenoy toward
equalisation, The trensitory enhancing effect of ethylens on the abllity
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0 react to growth substance (point 5) shows that the reduced cells re.cct
o the admirdstration of artificial growth substence with an exaggerated
cell elongation.

This reaction may be intorpreted &3 an attempt to tring about normal
conditions again.

Thus in the case of Avena the damagss brought about by ethylene gas
zay be attributed to an inhibition of growthehormone formatlon.

Ethylens s trongly restricts the effect of growth hormone,., Under these
very strongly altered conditions ths plantule of Vicia faba grows horia
zontally and no longer reacts to the effect of gravity (point 6).

The sprout of plantules of Vicia fsba is formed, in principler
dorsiventrally, but it behaves orthotropicaily (Bene»ko-Jost Pfl. Puvs.
(Plant Physiology), #th Bditien, 1923, Vol 2, p 284). The dorsiventrality
bondins are completely eliminated by the strongly negative geotropism,
Bocauso of the influence of gas tho geotropio sensitivity (point 7§ dis-
sppears simultaneously with the greater pact of the active growth substance.
Without a large amount of growth substance no geotropism is poesible here.
Now the dorsiventrality which up to then wes suppressed, manifests itself,
and the horisontal nutation sets in, The reaaining growth hormore is unie
laterally distributed in the horizontal sprouts (point 8), &nd the dorsal
side receives most of it.

“nis state may be best interpreted by the following picture: At
high water a river bed is completely filled up; we see a8 wilform, even
witor surface. Nevertheless there is a sand bank on the botton. When the
vator in the river bed is considerabiy reduced, the water will flow only
on one side of tho river bed; the sand bank will remsin dry. It is the saxme
way in the case of the horizontal nutation of our plantules, The one-sided
growihi-substance flow sets in only when the main current is dammed up on
sccount of the influence of the gas,

Thus we may consider the horizontal nutation =~ in agrecment with
tae olde:r views ¢f WissSnar =- a2k an gutnnowmave -n‘\nu-tv which 42 o nedord

remven

datoruined by Aan inhereat dorsiventrallity (see, nuong othera. Rawitscber é !
1925, 1932). ° T

Von Guttenberg (in Fortschr, d., Bot. 1932) and his students H
bennings and Freoytag (i931) give the foliowing axplanation for the so-called - P
autonomous or inherent epinssty of dorsiventral plant parts. After disouse |
sing the work of Miss Uyldsrt, he says (Quoted from p 241): :

“The explanation sees to lis in the fact that the dorsiventrality
of these organs is not only externmsl but slso internal (plasmatic), since ' '
¢z 115 part one of the dorsal side: allows the passage of growth substance
exclusivelys or predominantly. The spinaaty must then always occur when
1-ers 15 an absence of induced polsrity, which is producad e.g. by 2 avity
TAoht, ard At As ¢liminated the moment whan '“‘-"*"t‘.c:: 4s PK‘QG‘\;CG\-
so0a the outeide,.®
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Tho behavior of the sprouts ¢f Viecia faba uader the influernce
of ethyiona fits very well into this scheme. By means of ethylenc it is
possible to investigate the outonomous, inhereat epinasty which othorwise
is hidcua.

In Vicia the very small amount (0.0005%) of ethylene eliminatos
the effectiveness of the growth substance slmost completely; the growth
substarce i present only in traces; the possibility that the ethylene might
decompoce the g.owth substsa-ce in & purely chemical manuer comes to miad,
but this is nonsensical from the cheuwical point of view. Nevertheless
I passed othylene through one half of an auxin solution for three hours;
the other half remained untreated for control purposes. The result was:

Ethylene platelets 8.7 + 0.4 19 plants;
Controls 9.1 + 0.6 18 plants,

Hence a Jirect influence of ethylene on auxin was not detectable,
Tals war to be expected after the expiriments in section 1l: thers, too,
the gas does not cause any damage to the auxin in the block.

Is 1. possible to make & uniform representatiun of the . .U of
athylene on vlantsf The eaffect on the longitudinal growth is to be ascribed
in any event o the effect on the yield of active growth substance, Fur<her,
on the basis of my findings even the marked horizoatal growth becomas
understandable. However it was menticned in the Introduction that thsre
exist other, as el uninvestigated gas effects. Nevortheloss I can say &
1itils more abcuv this than was possible in ths Introduction.

The epinasty of grown leaves in ethylene (Crocker, Zimmerman and
Hitchcoek 1632) is to be ascribed to the same csuses as the horizontal
nutation; the latter, in fact, is bised on an epinasty. It was shown already
by Sohwarz (1927) that here we were desling with an inoroeaaed growth of
the upper side of the leef stalk, and Crooker et al confirmad this. The
2xzoriences aojquired with plantulss have shown me that there the gas damages
are tue oonssquonoe of a laok of growth substence. If it should twrn out

“hat dn ¢ha pace AP rwarmm Tasvas dn AatbvVana ¢ha vhavamaman AP Ardwacber Lo
Trave ® amce L 1T X4 - sy W W - Nus wWrWe ¢ v -ee w haad ¥ AW e n rabv.wmv.”ﬂ wa 'r'..." .J v

like<ise determined by a lask of growth substance == and as long as no
inhibitory substancs has been detected, I consider tulis very probable we
then hera a stronger growth should occur upon reduction of the growth-
substapce reserves; in other words, uncer norwal ciroumstanses the growinie
substanze xeeps a tight Tein on leal epinasty. Then thare would exist hcr

& similar situation a8 in the axillery buds of Vicia (Snow, Thimann and
Skoo>): the growth substance 15 not only the "growth-initiating stimulus"

a5 has boen thouzht bafors, but this plant hoimonse often has & regulate:y
function: 4t kesps the vardous plant~physiological processes in equilibriua.

Tho rest of the ethylene affects are wore difficult to interprel wiih
o cwrtuat knovlodgze. The shortening of the rest periods and the cccelerated
St ripenin: are effeots procucos ob enzymatic processcs wWi.oe growine
guzoings oonAdtions == providaed thoy xist &t Sl ~= are ab seb oampletely

w-l cWlle
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In my opinilon tho following peints aro of importance ia regard to
tho prodlem of tho formation ol growth subsiance in the celis:

) Veory &mall amounts of ethyleno very considerably inhibit, in
epicatyls of Vicia faba, the yleld of active growth hormone. These strong
inhibitions caused by traces of a polson often take place in connectioen
vith esayratic processes., 1 mention, e.g., the complete inhibition of
tne effect of respiratory enzymes by traces of HCXN, H,S5, CO and other, so-
called specific innibitory substances (Warburg 1921, %925). Since tne
property of ethyleno absorption is also known (Nord and Franke 1927),
porhaps we should undertske a comparison of inhibitions preduced in this
way and the offeuts on growth-hormone production described in this work.

2) Bonner (1933) showed that these Warburg inhibitions take place
also in colesoptile cylinders which elongate under the influence of growth
substance. According to hils dats, the effect of the growth substance on
growth 1s determined, axmong other things, by £n inorease in respiration.

3) Very small amounts of ethylene act, apart from the yield of
srowth substance, alse very strengly on the ripening of fruit and the length
of rest periods; both &are enzymatic processes. The same holds true for the
formeatation of tobaceo leaves, wnich likewlse is accelerated by ethylene
(Rsssi 1933).

4) Ethylene fosms complaex compounds with inorgenic catulysts, nazely
some heavy metals.

In ny opialon al) these points indicate the faot that the formation
of growth substance in the cells is vased on an enzymatic process.

SUWDJARY

A review of the factual matter established in this work may be found
on p 29, Froa tlis we can conoclude that in the case of Avena the effect
of etnylene hits particularly the growthesubstence producticn, and hence
tne longitudinal growth.

“ne horizontsl nutation in Vicls faba is caused by an autonozous
epinasty which is manifested only whon the geotropic sensitivity is weakened,
due to the effect of the gas. A similar phemnomenon takes place, pserhaps,
in the opinasty of groun leaves.

. Tho hypothesis is expressed that the formation of growth substiance
is W.6ed on an enzyzalic process.

Y A

I ¢ .nnot end this paper without expressing my most heartfelt t.anks
W ny highly estesued teacber, Prof Dr F.A.F.C. Went, for his outstanding
ghiGance in tais study.
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