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Gibberellins, Cell Division, and

Plont Flowering

Recent studies on the gibberellins intlicate that there is an activa-
tion of cell clivision as n'ell as an activation of cell elongation (4, 14,

23,24,34). The cliscovery of the primary effects of gibberellin on
stem elon€îation led to the iclea that the action of the gibberellins
was similar to that o[ auxin. Since that time many other activation
effects have been observerl (6,21,22,25,26,33). Some are concernetl
with the functioning of the growing point of the stem antl particu-
larly with a modification of the rate or the clirection of cell clivision.

It is now clear that in some cases the effect of gibberellins (GA)
on stem elongation is partly due to enhanced cell division activitv.
Figure I shows longitutlinal sections of Perilla stems in which the

dimensions of the control ceils are aPProximately the same as those of
the treated cells, while the internocle length of the treate(l plants
was 2.3 times that of the control. Sometimes the stem elongation is pro-
moted more easily in the inflorescence than in the vegetative stem.

With lberis omaïa, for instance, we obtained very little length in-
crease in the vepçetative stem, but the length of the terminal inflor-
escence was markedly increase«l (Figure 2). Such specific effects have

been nbserved in Begonia (14) and in strawberry (R. Lemaitre, Per-
sonal communication). Enhancecl cell tlivision plays an important role
in these effects. The activatecl cells are those in the zone immerliately
under the apical meristem, as notetl by Sachs ancl Lang (34) in vege-

tative plants oL Hyoscyamus ttiger.
Moclifications of leaf form antl size intlucecl by GA har-e often

been observetl. Two very characteristic cases are those of Statice

sinttata ancl Lepidirtm nrdarale (Figure 2). The continual application
- t Srtr*qu"rtl\': Lal)ol'atorv of Plant Pht'siologr', Cleutre ile Recherches cle Gotscm,
(iorsern-S:ritrr- florr<1. Rclgirrrrt.
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Fig. l. Longituclinal sccti.rrs of the c\terlral (left) an<l ccntr:rl (right) I;arcnclryuurof stems <tl Perilla nartkirtettsis C. r...trol: T, treaterl rvith l00 1r.p.m'C,t.

ol GA to the growing Point rloes not Promote the growth of the
stem, but the shaPe ol the leaves is very strongly modifiecl. In these
two cases the leaves are larger in the treate(l Plants but their form
is nore simple. This ca, 'nly be exPlai,ed by 1;ostulating a m.rriflca-
tion of mitotic activiry within the leaf initials.

The action of GA on flowering of long-clay (LD) plants grown in
short days is also an effecr on cell divisions in the stem aPex (24). I.
short days the functioning of the apex is normally restrictecl to rhe
Iormation of leaf inirials. The apl;licarion of GA enhances ceil rlivi-
sion in such a way that the whole meristematic region is activatecl,
giving rise to tlne "rttonteott de Grcgoire" (12) from which the flower
primorclium is formerl.

The occurrence o[ rhese clifferent effects fits relatively well with
the anatomical anrl cytological clescription of <listinct zones insicle the
meristem as Proposerl by Buvat (7). \\te can visualize thar, clepencling
on the species ancl ulton the circumstances, GA acts selectively on one
or another meristematic zone of the stem and on tlle young tissues
initiatecl by the activiry of the meristem. In stem elongation, the
"merislerne mcdttllaire" ancl the zone situated immediately uncler it
woulcl be activatecl. In modifrcations of leaf form, the activarion
woulcl aflect the "annaeu initial" and the leaf initials. The formarion
of the flower woulcl corresponcl to a more complete activation o[ the



I"iE. 2. Effect of eilrbcrellic acid on m<lrphogcncsis. Elongatiorr of the inflorescencc
oî lberis attara (tolt), rnodilication of leaf shapc it Statice sinrLata (miild.le), trt'tLl

Lepitliunt, rudextle (lower'). Plants at rigl.rt are controls; plaDts at left.rvere treatc«l
with 100 p.p.m. f;À.
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mitotic capacity o[ the rneristem as a whole inclucling tloe "meristerne
d,'ttttente." These three effects coulcl coincicle in time.

To distinguish betrveen the clifferent meristematic activities of the
growir.rg point of tlle stem, one can compare the differential action ol
GA on LD and SD plants. When GA is applierl to SD plants €çrown
unrler long days, it cannot induce flowerinpJ but acts only on stem

elongation. When applied to LD plants growrl in short clays. hou'-
ever, GA promotes both stem elongation ancl flowering. Using Bu-
vat's concept, this means that the "'meristt:'mc d'attente" callllot be ac-

tivatecl by GA in SD plants, while it can be activated in t,D plants.
Tschailachjan $2) has proposecl a theory that accounts lor this. He
postulates that florigen is composetl of two hormones, GA antl an-

thesin. When the two horrnones are both present, flowering is pro-
motecl, as evidenced by the flowering behavior of SD plants untler
short tlays ancl LD plants untler long days. Follorving Tschailach.lan,
LD plants synthesize anthesin in short days, ancl the atldition o[ (].\
results in the formation of {lorigen (GA + anthesin). On the other
hancl, SD plants synthesize GA in long days, anct a further aclclition
of GA has no effect on flowering because anthesin is lacking. It is

clear that these rlifferences in reaction when GA is applied indicate
that an SD plant grolÿn uncler long tlays is not itlentical to an LI)
plant in short tlays. There is a sort of clissymmetry which lfschailach-
jan's proposal attcmpts to interpret.

Ilut this does not change the princil;al open question: How cloes
(1.À activate cell rlivision in the yollng tissues of the stem?

BIocHEM'"o' â;:fi,ii#i ii'"i"'rvarroN 
oF

Ilior:hemically speaking, cell clivision is a very complicatetl phe-

nomcnon involving the synthesis oI protein for which scveral bio-
chemical conrlitions must be met. The role of ribonucleic :rcitls in
protein synthesis has been shown in animals as well as in plants.
Protein synthesis also clepenrls on the availability of a sufficient source
of energy with the resultinpç atlenosine triphosphate (ATP) playing a

prominer-rt role (1, 3,8). This ATP may be synthesizecl in both respir:r-

tion and in photosynthesis (16,43).It is likely tllat some of these con-
clitions are absent in meristems, I)articularly in the "meristemc tl'at'
tente" of an LD plant grown in short clays or in that of an SD plant
srown in long clays. Protein synthesis rt'oulcl, therefore, be at a level
insufficient Îor acceleratect cell clivisiou. The type o[ block may well
bc different for tl.re two groups o[ plants.

It is highly probable that GA can moclify the rate of protein syn-

thcsis in the cclls of the growing point of the stem. Further promotion
o[ resl;iration (2, l9), action on several enzyme svstelrs (40,41), moclifi-
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(:ation of sugar corltent (5,30,40), recluced nicotine content in tobacc<r

(45), increaserl ascorbic acicl levels in clover (30), action on chloroplast

by GA. In many species the ellect on the pigments is grossly eviclent,
but it is rather complex. Without a supplementary supply of minenrl
nutrients, as in a normal garclen soil, there is generally a lowering o[
the pigment content. Table I lists nine species we have stutliecl. Ir-r

some cases the anthocyanin «:ontent is also moclifiecl. When mineral
fertilizers are aclded in the presence of GA, the chlorophyll conter.rt
tloes not drop much or tloes not clrop at all. Flowever, the rlrop re-
mains evident when the treatecl plant flowers (30). As shown by Moso-
lov and Mosolova (30), rerlox processes are strongly enhancerl in the
leaves o[ GA-treate«l clover plants, and the sugar content o[ thc leavcs
itrcreases. The assimilation of mineral nutrients also increases.

AII these facts shor,r' that GA profoundly affects the met:rbolism of
l)lants. In spite of the lragmentary rlitta, some of these facts clearlv
in<licate that under adequate cultural conditions in which rnineral
nutrition is not limiting, GA enhances certain essential metabolic

l)i'ocesses ancl increases the availability of some important metabolites.
This is likely to be very lavorable for protein synthesis insirle the
mcristem ancl in the young tissues o[ the treatecl plants.

Another argument supports this conclusion. Photoperioclic intltrr.
tion of flowering, which can be replaced by the application of GA to
LD plants grown in short clays, seerns to incluce an irnmediate r:hange
in the capacity of meristematic cells to synthesize proteins. Tl.ris :r1-l-

pears from the following facts:
(a) Metzner (27 ,28) reported that the prol;ortion of amino ar irls

in tlre lrrotein lraction oI the meristems of Kalanchôe blossfcltliartrt

T'able 1. Effcct of 100 p.p.m. of gibberellic acid on pigment content of plants

Anthocyanosides

Species Tested

Direction of Changc
in Chlorophyll

Content of I-,eavcs
Dircction of change in

anthocyanoside content

Stalicesinuata......
Drabaaizoides......
Cap sella bursa-pastoris
Ibris amara

Lepidium ruderale.
Bctatulgaris....
Bellis perennis. . .

Perilla nankinensis

Cheirantuscheiri....
Saluiasplendens....
Ageratum mexicanum
Arabidopsis arenosa .

0

t
0
0
0
0

0

;

0

0
0
0

Locus
of effect

Stem

Petioles
Stem
Lcavcs

I
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grown in long days undergoes a rapirl moclification following several
short days. Moreover, modifications in the nucleic aci<l fraction of the
meristems occur rluring this SD induction.

(b) It is well known that photoperiotlic incluction rapidly changes

the type of the gas exchange between the plant (in particul:rr its leaves)
:rncl the environment (13, 35). Respiration measurements of very young
isolaterl leaves (ir-rcluding the meristem) of an LD strain of Saluea

splcndcrts showerl that rluring the incluction phase the respiration is

significantly higher un<lcr long-day cor-r<litions than unrler short-clav
conrlitions (10).

(c) Sturlying the total hematin content o[ leaves of LD an<l SD
plants o1 Parilla nanltinansis (SD), Caniiabis .çatiaa (SD), Srnapis albu
(LD), antl Salaia splendens (LD), we founcl (unpublishetl) that induc-
tion always causes a decrease of the molar ratio chlorophyll:hematin
o[ the leaves. This clecrease is rnost evident in young leaves. The modi-
lication is very rapicl ancl is measurable a few days after the beginning
of incluction. We always observerl that in the very young leaves the
chlorophyll accumulation becornes slower upon incluction, while
hematin accumulates more rapidly.

(d) In flowering l;ragaria ücs(a the vitamin E content of the young
leaves is approximately proportional to the clay length. In frelcl ex-
periments a maximum is found in June to July, coincicling with the
increase of flower initiation (38). As shown by Nason ancl Lehman
(32), vitamin E acts in vitro as an activator of cytochrome ( re(luctase.

Points c ancl cl clirectly relate to chlorophyll metabolism which is

controllerl by clay length, :rlthough the exact site of the photoperiodic
control is not yet knr>wn (9, 11,29,36,37). Points b, c, anrl tl suggest
some incluctive change in enzyme systelns of the young tissues, a pos-

sibility which is very ronsistent with point a. Taken together, the
four classes of facts supl)ort the following hypothesis:

In affecting chlorophyll metabolism, photoperiodic induction acts
on several important metabolic processes; it enhances the respiration
of the young tissues of the stem and it provicles them with an iru-
prove<l system of hyclrogen carriers passing through the series of cryto-

chromes fthe cytochrorne carriers are known to be regularly associated
in higher plants with rneristernatic activity (15)]. It therefore in-
creases the ATP supply which is necessary for the changes in the pro-
tein fraction (27 ,28) as well zrs for increasecl cell clivision ancl flower-
ing. It woukl be very interesting to see if the activation of cell divi-
sions by GA follows a scheme of this type.

ON A POSSIBLE DIFFERENCE BETWEEN SD
AND LD PLANTS

Finally, we may ask why GA incluces flowering of LD plants gro\4/n
in short days but is ineflective in SD plants grown in long clays. In
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other worcls, why does GA;,rt:tivate cell divisions of the whole meristem
in the first case ancl not in the second?

Nlany hypotheses are possible. \Ve can suPPose, as Tschailachjan
tloes, that in SD plants an activator other than GA is necessary and

that this activator is lacking in SD plants uncler lorlg clays. We can

also suppose thirt the action of GA on metabolism is not exactly the

same for LD ancl for SD plants, or that the necessary level of ar:tiva-

tion must be higher in SD plants than in LD plants antl cannot be

achievecl through GA application. But there is :rnother possibility
which cannot be neglectecl. It is known that chloroplast structure is

very clelicate and that it is very rich in many enzyme systems. \Vithirl
the plastid, chlorophyll is not clistributecl at random but is in close

associarion with protein and lipide, the spatial organization o[ which
is now under stucly in some laboratories (44). To some extent the or-

sanization protects the chlorophyll from photodestruction. The tle-

gree of protection varies from one species to another, or in the sarne

species in accortlance with the conclitions of its culture. This appears

evident when one studies photooxiclative effects. We have found that
Ohlorr:lla P)'renoiclosa (Kancller's strain K) was relatively resistant to

lrhotooxiclation, while Chlorella uulgaris (Pirson's strain P) was much
rnore sensitive (39). In some mutants, photooxiclation is very easy

(17), but chlorophyll destruction aPPears to be only the final conse-

quence of photooxiclation. Long before it occurs, Photosynthesis has

completely ceased in high-intensity light (I8, 20), pl'rosphoryl;rtions
are inhibited (18), ancl oxygen consurnPtion rises probably with at-

renrlanr peroxicle formation (18,20,31). A general poisoninpç o1 rnetab-

olism occurs. Crawforcl (unpublishecl) has stucliccl the sensitivity of tht:

LD plant Saluia splettdans to photooxiclation by intense light. He

founcl that photooxiclation (as measurecl by the inhibition of photo-
syr.rthesis in white light) is much more marketl in the leaves of Sah.'ra

.sltlr:ndens grown in short days; the plants grown in Iong days are evi'

clently more resistaltt to photooxiclation. The high photosensitivity of
Sa/r.,rn grown in short clays may be clue to an insu{hcient protection of
chlorophyll insicle the chloroplasts, possibly resulting from an ab-

normal structure of the plasticls themselves. Indeecl, untler short clays

tlre chloroplasts of Sabia tlo not accumulate their pigments in a

normal fashion.
In practice this means that, tluring a given short tlay with light

o{ sufficient intensity, the rnetabolism of an LD plant grown in short

days can be partially inhibited throup;h photooxiclative processes. It
can therefore be concluclecl that short days clo not permit flowering
of f,f) plants lor two interrelate(l reasons: (l) suitable metabolic con-

clitions (of the kincl tlescribecl above) for increased cell divisions in
the meristem are lacking, antl (2) ;>hotooxidation proclucts poison
metabolism during the light period.
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It would be very useful to know if such a poisoning also occrrrs
in SD plants grown in long clays. In Kalanchôe blossfckliana, for in-
stance, the chlorol,rhyll metabolism is undoubtedly different in shrtrt
or long days (37). If this corresponcls to a decreased level of pro-
tection, a long clay with relatively inrense light is likely to procluce a

rlrastic photooxidation proportional to the length oI tl-re photo-
period. Perhaps the explanation of the rlissymmerry revealecl by GA
benveen the behavior of LD and SD plants is to be found l-rere. Dur-
ing long days SD plants coukl withstan(l more severe merabolic in-
hibition of a photooxitlative nature than cor-rlcl LD plants tluring
short clays. (iA woul<l be able to overcome this inhibition in the last
case but not in the first.
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