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I. Introduction

Stowe and Obreiter (1962) published several facts showing that "lipids of
both the fatty acid ester and isoprenoid vitamin type in trace quantities can
mimick or enhance :ruxin or gibberellin action in a number of different
ways". Their paper demonstrated narnely that vitamin Ii given at tr low con-
centration stimulated pea section growth and etrhanced auxin or gibberellin
induced growth.

The authors referred amorél others to our work (Sironval 1957) in which
rve showed that the crude insaponifiable extract of adult leaves of flowering
Fragari« uescn plants modified the growth pattern and increased the flowering
of a strawberry test (see below) . The action of the crude insaponifiable frac-
tion on flowering was attributed to its vitamin E content but we did not in-
vestigate whether this vitar-nin rvas able to affect growth in the strawberry
test.

Receutly, Bruinsma (1963) observed that vitamin E,:rs well as gibberellic
acid, promoted flowering of unvernalised Petkus winter rye. Bruinsma also
found that the growth of the winter rye was appreciably enhanced by
vitarnin E.

We expose in this paper some facts relevant to the action of vitamin E on
the growth of the strawberry test, and cornpare this action to that of gibbe-
rellic acid (GAs) on the same object.

II. Material and Methods

l. The strawberrg test

We previously showed (Sironval 1948) that the separation of very voung runner
plantlets from flowering strawberry mother plants (F'ragaria uesca L. var. semper-
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Figurc 1. Iiffect of the isol«tion ol young rutlncr pluntlets from thc motltcr plant on the
f orm of tlte f irst f louer truss. A = lerminal florver of the truss; B - axillâry bud of the truss;
C = first leaf of the truss. Separation of ttre plantlcl rt the beginning of lhe growth of its

seconcl leaf. Strawberrv variet5': ".A, Irmit Rouges".

llorens Duch.) resulted in abnot'mal srou'th and florveling of the first florver truss
of the isolated plantlets. The situation is depicted in I.igure I for the variety "A Fruits
Rouges" flom Gonthier', Belgium. 'l'he florvcr truss of the isolated plantlets had an
abnormallv sholt intelnode (I) and an abnormally long petiole of the trifoliate
leaf (P). f'hc termiual flower of the truss (A) did not grow in isolated plantlets (it
often died!) rvhilc the bud B, instead of forming florvers, formed trifoliatc leaves.
Wc concluded that the contact rvith the mother plant is necessary for a normal
glowth and flolveling of the filst florver truss and that the isolation deplives the
plantlets of some substance (or substances) normally provided b-v the mother plant.
lsolated plantlets thercfore constitute a suitable test for the trying out of ploducts
susl)ccted to be favor':ll)le to normal growth and florveling. The action of â given
product is measuled hv the transfolmations induced in the caractel'istics of tlre first
flou'cl tnrss oI the tesl.

2. Prepcrration oT the test

'l-tre statc of the strarvberrv tnothel plants and the conditions of isolation of the
plantlcts must be carefully standardised in orclel to obtain the most homogenous
test objects possible.

This rvas done in thc follos,ing u,av: mother strarvbelry plants (Fr«garia uesca L.
rar. sentperflorens Duch.) of the valiety "La blillante" (from Vilmorin, Paris) , were
cultivated in the open field. The plants rvere planted in lines at about 40 crn from
one another, the lines being 50 crn from one anothcr'. This disposition lvrrs necessarv
to allow an easy preparation of the plantlets for the test. The culture rvas conducted
in such a \À/ây that the mother plants rvere very healthy and that they flowered
abundantly. A culture of about 500 rnother-plants appeared sufficient to get the
requiered plantlets al the right timc.
Phasiol. Plant., 16, 1963
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Figure 2. ùlethod ol preparation ol the fesf. A: the mother plant; B: the plantlet dippe<t in
water; C: the plantlet as it is isolated; D: the disposition of the plantlet in a pot.

When the rnothel plants §'ere in full bloorn (at the end of May), it rvas possible to
start the choice of the experimental plantlets. Series of 30 to 50 plantlets *'ere
regularly chosen twice a rveek in the field from the spring to the autumn. Only the
first plantlets along the runners rvere chosen rvhen their first leaf was fully adult,
the second beginning to opeu. They were immediately dipped in talt lvater as seen
in Figule 2. Three to four days later, one or two roots were growing. At this time
the plantlets were isolated from the mother plants and planted separately in small
pots (5 crn diameter) containing ordinary garden earth. The pots rvere disposed in a
greenhouse.

3. Application of gibberellic acid and uittrntitr D to tlrc strawberrg test
The application of GAs and vitamin E to the test began immediately after the

isolation of the plantlets.
GAs was dissolved in distilled lvater. Each treatment consisted of spraying 1 ml

of the suitable GA3 solution on 10 test-objects.
The concentration of the solutions and the frequency of the treatments are given

below in the text for each experiment.
Vitamin E (d,y-tocopherol, Eastman Kodak) rvas given in ether solution. The

solution lvâs prepâred immediately before its application. The ether used was
analytically pure and previously de-oxidated. Each treatment consisted of spraying
1 ml of the solution of vitamin E on 20 test objects. In some experiments the ether
was immediately evaporated by an air stream, but in general this practice could be
omitted, since the quantity of ether sprayed per test object was very small, and did
not damage the plants. The concentrations of the vitamin E solutiou and the
frequency of the treatments are given belorv in the text for each experiment.

III. Results
1. Firsf er:perintent
A preliminary experiment showed that in our conditions of culture, the

average length of the first internode (I) of the first flower truss of control
Phusiol. Plant., 16, 1963
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Table 1. At:tion of uitatnin Iî antl GAI on the aueragle lengths of the internodc I and tlte
petiole P ol the first llouteL truss of the .Fragaria test. 16 treatments were Sivel); length

tn cm.

Planilets

Control plantlets in contact
willr the motlter plant ..

Control isolated plantlcts ..

Isolated plantlets | vita-
min I') ii Pg plrr)tlet, .....

Isolatctl plarr tlets - GA3 (25
pg/plantlet)

Average lcngth of the
Iirst internode (I)

Average length of
the petiole (P)

Average ratio
(l/ I')

.1.3

D' /

0.6

1.9

1.2

2.6

10.8

2.tt

6.4

,q{. rJ

plântlets collnected lo flor.r,'ering mother plants \\'âs ilbout 5 cul, the llverâSe
iength ol' the petiole (P) of th; first leaf being 0.6 cnr. The mcatr ratio I/P
wâs l'ound to be about 11.

\\rhen the plantlets were experimentally isolated. the length of I decreased,
rvhile that of- P increased (1'able 1). As a lesult of this. I/P decrerased to a

\:alue of about ll. Treatment of isolated plantlets b-v vitanrin Il (5 p;; per
plantlet) twice a week durini4 8 weeks resulted in a moclification of both the
Iength of I :rnd P : I increased to normal "connected" vitlltes, while P de-
creased, the nverage I/P ratio being greater than 6. Treatment of isolatecl
plantlets by GA3 twice a week (dtlring 8 rveeks;.25 pg per plantlet) grve r
somewhat different result; the nvertrge length clf P increased as well as the
average length of I, the average I/P ratio being about 3.

The actiorr of GAI seerned solnewhat llnspecific inducing indifferently an
increase of the length of the trvo organs studied I and P, as well âs an
Lrbnormal growth of the bud designnted by B in Figure 1. (Under the influence
of GA3, but not of vilamin E. the bud Il prodrtced regularly a sort of runner;
wc do not discuss this partictrlar effecl here) . Vitamin E acted much more
specifically inducing only the g;^rowth o1' I bul not thât of P, nor that of B.
In this respect the action of vitamin E lvas sin.rilar to the âction of the
flowering mother plzrnts §,hen connected to the plllntlets.

2. Secorul e:rperirnent

A factorial experiment 3 x 3 (nine series) wâs designed to test statistically
the conclusions of the first experiment. ln this experilnent GA3 turd vitamin E
were both given twice a week (during 8 weeks) to each series of isolated
plantlets (concentrations for vitamin E: 1.25-2.50 and 5.00 pg per plllntlet;
for GA3: 5-10 rrnd 25 pg per plantlet) . Vitamin E rvas applied betweern 10 and
11 a.rn.; GA3 was applied about 4 hours after the application of vitamin E.

The statistical analysis first showed the occurrence of a signil'icant cor-
relation betrveen the length of I and that of P. The regression Iine representing
the relation between the lengths of I and P in the factorial experintettt is given
in Figure 3 (without consideratior-r of the quantities of GA3 and vitnmin E
applied to the plantlets).
Phasiol. Plant., 16, 1963



REGULATION OIT GROWTH BY VITANIIN E rJ.+7

Irigure 3. Regression line reptesentinç1 the
Lclation between 1 (length of the internode
of the first flower truss) antl P (length of
the petiole of the first leaf of thc first
flower tnrss. Cf. Figure 1).

cm

Figure 4 shows thnt. notwithstanding the concentratiolr <if GA3, the leni;th
of I increased linearly while the length of I) decreased linearly rvith increasing
corlcentration of vitanrin Ii. The effects of vitamin E rvere fotrnd significant
at the 5 0/o level both for P and I, the analytical anmlysis being made or) the
original values of P and I. The linearity of the increase of I under the
influence of vitarnin Il rvas found significant at the 1 0/o level and the linelrritl'
of the decrease of P sig^nificant at the 5 0/o level.

Such clear effect was not met rvith in the case of GA3. GA;1 tended to
itrcrease indiffererrtly the leng^ths of P and I, but the increase was not statis-
lically significant. It rnust be noted that. as in the first experiment, GA3 ircted
nruch more on lhe ilrowth of brrd IJ tharr on the leni;th of P and I.

The statisticitl annlysis indicated further that vitamin E and GA3 did not
interract in their action on P atrd I: the actions ol'the two factors \À/ere sinrply
additive.

The results confirmed the prelirninary observations concerning the spe-
cificity of lhe action of vitarlin E lvhen compured rvith that o{' GA3 in our

P I

Figrrrc 4. Elf ect of uttttntin Ii on
tlte çlrouttlt ol I antl P (sec Figure
1). Ior it different concenlrations
of G.{3. À -5; B: 10 and C=25 1
GA3 per plantlet. Vitamin E in
prg per plantlet.

A

ÀB

Ca

A

B

,A

1.25 2.50 5.
VITAMIN E

't.25 2.50 5.00
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test. It is obvious that increasing the concentration of vitamin E raised the
UP ratio as follows:

Vitamin E pg/plantlet . .. .. . 1.25 2.50 5.00
I/P .. ........ 4.t 6.1 8.1

The lowest conccntratiorl gâve rl ratio analogotrs to that found in control
isolated plantlets; the highest concentration gave a ratio analogous to that of
nonnal plantlets in coutact with flowering mother plants (see Table 1).

'I'he linearity of the variations of the I/P ratio in function of the inc:reasitrg
doses of vitamin E rvas found significatrt at the 5 0/o level.

'I'his sho*-s that vitaruin E is really able to replace the florvering mother
plant for the control of the relative length of I and P in the first flower trtrss
of the slrawberry plantlets. Such a control is not obtained with GA3: this
product tends to increase unspecifically the length of both l and P.

IV. Discussion and Conclusions

The honnonal nature of vitamin E in higher plants seems clear since the
vitamin acts in several circumstances, and always in very low concentration,
on growth and flor,r,ering (Table 2) . This is the principal fact demonstrated.

I{owevcr our results raise the question of the relations betlveen the action
of vitamin E and that of gibberellin.

They essentially show that:
f . in the Fragzrria-test the action of GA3 and that of vitamin E on the length

of I and P are additive (the two products do not interact) ;

2. the action of GAa is unspecific, increasing the lengths of both I and P,
while vitaruin E "distinguishes" the two orgaus (as the mother plant
does), increasing I and decreasing^ P correlatively.

1'he additivity of the effects of vitamin E and GA3 iu the Fragaria test
seems to contradict the results of Stou,e (1961) who found that vitamin E
and other tested lipids "act hormonally, as synergists of the action of arrxius,

'I'alrle 2.'l'|rc hormonal actiuitll of uitamin E inlitcrature (+indicates a positive rnodification
of the grou'th or flowering patterns).

Action of vitamin E on
A uthor n'ature of the test

f)orvering growth

Sironval (195i) ............
Stowe (1961) and
Storve ancl Obreiter (1962)

I3ruinsma (1963)

Sironval (1963)

+

not studied

+

not studied

not sttrdied

+
(in the presence of auxin, or

of auxin and gibberellin)

+

F'ragarir test

Pea stem sections

unvernalised Petkus
n'inter r'rl'e plants

F-ragaria test+
Phasiol. Plant., 16, 1963
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and in the presence of an auxin, of gibberellic acid". \Ve must observe here
that some auxitt, some gibberellin and some vitamin E are already present in
the isolated plantlets of the Fragaria test. The test is clearly not totally
deprived of these substances. We only find that there is no interaction be-
t\Meen GA3 and vitamin E when uddecl to the test. In these conditions, it is not
possible to decide if vitamin E would act in the total absence of auxin or
gibberellin.

However, the additivity of the effects of the added products indicates that
in our test the sites of action of GAg and vitamin E could be in sorne wav
distinct from each other. This conclusion is stressed by the fact that GA3 and
vitamin E act differently on the length of P or on the growth of the bud B.
How are v/e to understand that vitamin E decreases the length of P when
GA3 increases it, if it is admitted that the two substances have a single com-
mon site of action? lu fact, the situation is probably more complicated in the
Fragaria test.

Stowe and Obreiter (1962) suppose that the activity of vitamin E is linked
with the presence of an isoprenoid moiety in the nolecule. This vierv is
derived from the results of 'Wever, Gloor and \Àriss (1958) who found that a
hydrocarbon chain of a certain length (for instance phytol, squalene or the
isoprene sidechain of vitamin E and K) facilitates the operation of cyto-
chiome-c-reductase in the mitochondrial cytochrome system. For this and
some other reasons, Stowe (1961) has suggested "that lipid activation of the
cytochrome system could explain the results obserYed", and specially the
effects of vitamin E on growth processes. The cytochrome systenr is believed
to produce "at least some of the energy for auxin and gibberellin action".

In this connection, it is interesting to point out that the photoperiodic
induction modifies the haeuratin content of the leaves of some photo-
periodically sensitive plants (Sironval 1962) . Under induction, modifications
ieem to occur in the cytochrone systems of the leaves. Moreover, inductive
conditions increase the vitarnin E content of the leaves in Fragaria vesca
(Sironval 1960) . These facts argue in favour of the suggestion of Stowe and
support the idea that the action of vitamin E on growth and flowering is
linked with the functioning of the cytochromes. We should like to include
here not only the mitochondrial, but also the chloroplast cytochromes.

It is also certainly necessary, when considering the mechanism of the
hormonal action of vitamin E, to keep in mind the numerous biological func-
tions which have been attributed to this molecule as a whole (see review by
Boyer 1960) . In particular, more or less direct actions on RNA and DNA
meiabolisrn, like those described in animals by Youni; and l)inning (1951),
are to be considered. The same holds for the possible connections between
the metabolism of the phytol moiety of the vitamin E molecules and the
metabolism of some isoprenoid coltlpounds, especially the carotenoids and
plant sterols.

The recognition of the hormonal character of the action of vitamin E in
higher plants is precisely rrrost interesting if one considers the fact that some
of the tiiological functions of this substance have been thoroughly studied in
other systems than plants.
55 Phusiol. Plant.' 16,1963
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Summary

Very lorv cotrceutrations of vilamin E can modify the grorvth pnttern of the
first flower trtrss clf the "Fragaria test". The hornronal nature of this action
is indicated. Vitamin E seems lo act in some other way than gibberellic
acid does.

Some possible irrtracellular sites oi' the action of vitarnin E are discussed.

The authors :tre gr-eatlv indebted to lhe "Institut lrorrl l'Encouragement de la
Ilechclche Scientifiquc appliquée à I'Industrie et à l'Agrictrltule; IRSIA", Belgiunr,
for financial aid. We also thank Dr. Maltin and the staff of the "Bureau de llio-
métrie de l'IRSIA", Ilrussels, for the statistical analyses.
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