
B I O L O G I A  PL.~NTAI"ClYM (PRAHA} 

17 ( l)  : 1--11, 1975 

Substances of  Plant Flowering 

M. KH. CHAILAKHYAN 

Timiryazev Ins t i t u t e  of  P lan t  Physiology, Academy of Sciences of the  1USSR* 

A b s t r a e t .  The invest igat ion of  the  hormonal  na tu re  of planb flowering in connect ion wi th  the i r  
photoperiodie reaction has  shown t h a t  flowering depends on a bicomponental  sys tem of hormones,  
gibberellins regulating s tem format ion and  growth and  substances of the antheain  type  regula t ing 
fltrwer-formation; I n  agreemen$ with the division of t h e  photoperiodie react ion into a leaf  an d  
a stem phase the  s tudy  of the internal  factors act ing on p lant  flowering was carried out  by  m e a n s  
of leaf and s tem (apex, bud  and  callus) models. The results obta ined  from work wi th  leaf models 
proved the presence of t~vo groups of hormones of flowering in plants .  The  da ta  ob ta ined  from 
the application of s tem models pointed to the localization of the act ion of gibberell in and  anthesir t  
in different zones of the shoot  apices and  characterized the potent ia l  capaci ty  for flower format ion  
of isolated callus tissue of neut ra l  and  photoperiodically sensitive species. 

The study of the processes of floral initiation in plants has led us to the  
idea that  flowering depends on the formation of physiologically active 
substances or hormones of flowering in the leaves. The complex of these 
active substances has been named florigen (CHAILAKHYAN 1937). Later it was 
suggested that  the florigen complex might be formed by two groups of 
substances of hormonal nature, the gibberellins essential for the initiation 
and growth of stems and substances essential for flower initiation provision- 
ally named anthesins (CI-IAiLAKtIYAS* 1958). The analysis of the formation of 
flowering hormones in plants of different photoperiodic groups has shown tha t  
the genetic information of t h e  flowering process is realized in two ways, 
directly through an internal hereditary program and independently on day- 
length and through an internal hereditary program but  under the control of 
daylength. Thus, it was demonstrated tha t  there are two types of regulation 
of flowering, an autonomous and a photoperiodie one (CgA~LAKmCAX 1971, 
1972). 

In day-neutral species the formation of gibberellins and anthesins is entirely 
realized by autonomous regulation. Gibberellin synthesis of shor~-day species 
is connected with autonomous regulation and anthesin s)sathesis with photo- 
periodic regulation. Anthesin synthesis of long-day species is connected with 
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autonomous regulation and gibberellin synthesis with photoperiodie regu- 
lation. In long-short-day plants and in shor~-long-day plants the formation 
of both groups of hormones is subjected to photoperiodie regulation. This  
scheme suggests the idea that  the role of hormones in photoperiodie regulation 
manifests itself by the changes brought about in the leaves as organs sus-: 
ceptible to photoperiodie induction, while the role of hormones in autonomous ~ 
regulation is realized through the changes brought about in the buds and 
stems as organs carrying the hereditary information. 

I t  has been established long ago that  the photoperiodie reaction of flower- 
ing proceeds in two phases, the leaf phase which is specific for photoperiodism : 
and completely depends on daylength and the stem phase which is not 
specific for photoperiodism and does not depend on daylength (CIIAiLAKHYAN 
1956a, SALISBURY and BoNNm~ 1956, LANG 1965). :For a long time researchi 
concerning the photoperiodic reaction of flowering was confined to t h e  
function of leaves, as at first a leaf model of flowering was elaborated (Cmti- 
LAKHYAN 1936, MOSHKOV 1936). Later attention was paid to apiees, buds 
and stem segments and a stem model of flowering was elaborated in three 
forms, an apical one (LAxcE 1957, BERS"IER 1961, NOt'C,_a~/~DE et al. 1964), 
a bud model (Leo 1946, tKAW.~TA 1957) and a callus model (SKooo 195.5, 
CHOVARD and AGHm~ 1961). The elaboration of these models led to eon-- 
siderable progTess in our knowledge. At presen~ it seems absolutely necessary: 
to study the process of flowering on the basis of a complex application of eli 
these models which permits a more rapid approach and brings us closer to 
an understanding of the physiological nature of floweriug (Fig. 1). 

In the present paper new data in favour of the bicomponentaI system of 
hormones and its role in photoperiodie and autonomous regulation of flowering 
are presented which were obtained by means of leaf and stem models. Data 
obtained from a bud model were published earlier (CgAiLAK~rAS- et aI. 1961, 
BUTENKO and CHAiLAK~Y:tN 1961). 

Materials and Methods 

Leaf Model 

The investigation of hormones or substances of flowering by  means of  a leaf model was~ 
carried out in two fashions: in experiments concerning translocation of gibberellin and substancesi 
of the anthesin type in whole plants and in grafting experiments in which short-day sc ions  
were grafted onto long-day stocks. 

The experiments  on hormone translocation were carried out in collaboration ,~ith L. P. Kh lo -  
penkova on adult  plants  of Perilla nankinensis which were grown under  long:day conditions, 
then decapitated and divided into two groups. In  the first group two large leaves and two shoots 
located two internodes above them were left on each plant.  This variant  served for investigating 
the transloeation of substances from the leaves into shoots located above them. In  the  second 
group two large leaves and two shoots located two internodes beneath them were left. I n  this 
var iant  translocation of hormones from the leaves into shoots located beneath them was studied.  
In  half  of the plants of each group girdling of the stem was carried out between the leaves and 
shoots a t  the beginning of the experiment.  The leaves were either moistened by  means of cot ton 
wool with water  (vat. 1 and 2) and with a 0.01~ solution of gibberellin (var. 3 and 4), resp. for 
one month  or they were  induced by 8-h short  days by  covering them with l ight-proof paper 
cases (var. 5 and 6), or they were both  induced by short  days and moistened with gibberetlin 
(vat. 7 and 8). The experiments lasted two months,  Gibberellin transloeation was es t imated from 
the growth response of the shoots and anthesm translocation from the  flowering response. 

The grafting experiments with adult  plants  of the long-short day species BryophyUum 
daigremontianum were carried out in collaboration with L. I. Yanina. A par t  of the plants  was 
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_rw, n in long dab', another one in short day. In  the first group plants from long day  which 
- , fred as stocks were decapitated and four large leaves were left on them. The apical par t  of 
:,!:mrs from shor~ day which served as scions was grafted into the split of the stem. After  
ib,vvlopment of leaves on the scions they were decapitated and the newly formed shoot~ on the 
s: ocks were left. Thus, the plants  had stocks with leaves growing in long day,, scions with leaves 
2~.o,,ving in short day and shoots loeate, d between these two types of leaves. In  the second group 
:~|v leaves were grafted. Scions consisting of s tem segments with two leaves exposed to short  
:ay were grafted onto decapitated stocks with two shoots and two leaves localized beneath 

:!:.,,m aml growing in long day. Thus, in both  groups components not induced tofioworing were 
,. mbiued, which distinguished these experiments from those carried out earlier (ZEEv~_~.RT 
ar:d L~'G 1962). 

",ll'm M~*del (opex and callus) 

The study of hormones or flowering substances by means of the stem model was carried out 
i:~ two fa:d*ions: in experiments studying the changes occuring in plant  apices under the influence 
,,f a favourable daylength and gibberellin (apex model) and in experiments investigating the  
morphegenetic potentions of isolated pieces of stem callus derived from ptauts belonging to 
various phetoperiodic groups {callus model). 

The experiments concerning the changes occuring in the apices in connectiorl with the  effect 
.d" daylength and gibbereUin were performed together with E. L. Milyaeva and I. A. Gukasyan 
,,n adult plants of the short-day species Perilla nankinensis and the long-day species Rudbeckia 
:,icolor. Prior to the beginning of the experiment  the plants  were grown under  unfavourable 
,,,.nditions of daylength. One group of the Rudbeckia iplants was induced by increasing the 
number of long days in the single variants.  The plants of the other group were t rea ted  with 
iucreasing quantities of a 0.01~ gibberellin solution. One group of Perilla plants was induced 
by an increasing number  Of short days, the other one was t reated with increasing quanti t ies of 
~bberellin. The stem apices were fixed with Carnoi mixture, and stained according to Feulgen 
and Brachet. The mitotic index was determined in the central, medullary and lateral zones of the 
apices. At the some time the height of the plants was measured and their development  was 
L,,ing observed. 

The tests for studying the morphogenetic potentions of isolated stem callus tissue were 
~.ar,'icd out in collaboration with N. P. Aksenova, T. V. Bavrina and T. ~-:. Konstant inova.  Adult, 
plants of three tobacco varieties served as test objects, the day-neutral  cultivar 'Trapezond'  
(Nicotiana tabacum), the short-day cultivar 'Mammoth '  (Nicotlana tabacam) and the long-day 
species Nicotiana sHvestris. Prior to the experiments the plants were grown under long- and 
-'bert.day conditions, respectively. Stem segments and callus pieces derived from them were 
cultivated under sterile conditions on the medium of ~IUI~ASItIOE and S]~ooc~ (1962) supplemented 
:~ith mesoinositol and thiamine. The cultures were kept  in growth chambers under  optimal 
conditions of temperature and moisture and in an iS-hour day (light from luminescenla lamps). 
As the callus cultures grew they were passaged. Growth of the callus cultures, their  morpho- 
genesis and their ability to form vegetative and flower buds was examined. 

Results and Discussion 

Trausport of FloxYeria9 Hormones in Whole Plants 

The main results from the experiments investigating tho transport of 
hormones in whole plants are represented in Fig. 2. They indicate that the 
transport of gibberellin and substa~ces of the anthesin type, resp. in whole 
plants is different. Moistening of the leaves with gibberellin (var. 3) led to 
more rapid growth of the indicator-shoots located above then as compared 
with the controls (var. 1). This supports the assumption that gibbereilin i s  
transported free in the acropetal direction. Girdling of the stem (var. 4) showed 
th-~t gibberellin moves not only through the phloem but through the ~qem,  
as well. Moistening of leaves located above the indicator-shoots with gib- 
1,erellin (vat. 3) did not enhance their growth, girdling remaining without 
effect, too Cvar. 4). This points to a retardation of gibberellin transport in 
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the basipetal direction. Induct ion of leaves located beneath the shoots led 
to budding and flowering which points to free translocation of anthesins i n  
the acropetal direction (var. 5); girdling entirely inhibited the translocation 
of authesins in the acropetal direction (var. 6). Induct ion of leaves located 

Fig. 1. Modols of p lan t  flowering: I :  lea[~: 
'2: apex, 3: buds,  4: callus. 

above the shoots t) 3" short day (var. 5) led to budding and flowering of the  
shoots which indicates tha t  anthesin is translocated free in the basipet.a[ 
direction, as well. Girdling (var. 6) completely inhibited translocation. In, 
d uetion of the leaves by short day and simultaneous moistening with gib: 
berellin yielded the same results as found in experiments in which both t rea~  
merits were applied separately. These findings confirm earlier work on gib~ 
berellin transport  (Ko~'ov.tLOV et al. 1960, EVTUSHE~-KO 1961) and on trans~. 
location of anthesin-like substances (CHAILAKHYAN 1956, CI~AILAKttYAN an~ 
BUTENKO 1957). They support the conception of the presence of two differen~ 
groups of hormonesdn the florigen complex. 

Aetion of l Iormones on Floxverin!l o[ Shoots  in Grafted Iqants 

Tile experiments with grafted Bryophyllum plants showed tha t  when stock~ 
bearing leaves are constantly exposed to long days and scions bearing leavew 
to short days the shoots located between these two types of leaves form bud~ 
and flowers irrespectively of whether they are exposed to long or short  day~ 
I~l control plants in which both stocks and scions were exposed either t0 
short or to long days the shoots remained vegetative (Fig. 3A). The same 
results were obtained when leaves only were grafted. When scions bearing 
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t, WO leaves grown in short days were grafted onto stocks with two leaves 
grown in long days the shoots located on the stocks between the leaves from 

Fig. 2. Transport  of gibberellins and anthesins in whole Perilla nankinensis plants.  ?Upper row: 
:ransp0rt from leaves located beneath the shoots; lower row: t ransport  from leaves located above 
th~. shoots. 1, 2, control; 3, 4, gibbereliins, 5, 6, anthesins; 7, 8, gibberellins -p anthesins. The 
sites of stem girdling and of flower formation on the shoots are indicated. 

long and shor~ days started flowering. In control plants exposed to long or 
s}~ort days the shoots remained vegetntive (]?ig. 3B), These experiments as 
well as ~hose carried out earlier wi~,h grafted Bryo2hyllum plants (Cm~iLAK- 
~,YA~ ~md Y A ~  1971 1973) indicate that  substances formed in the leaves 
from both long and short d~ys ~re equally essenti~l for flowering. 

It was demonstrated earlier that the substances formed in Bryophyllum 
leaves under long-day conditions a r e  gibberellins (13~3~r and HAlZI)ER 
i9.56, RESE>'DE and VIA~-~ 1959, PEN~NER 1960). The substances formed in 
the leaves under short-day conditions are subst~mces of the anthesin type 
(C~AiLAK~u 1964). As Bryophyllum forms flowers if long days are followed 
by short days it may be assumed that  at first gibberellins are formed in the 
leaves in long days and later anthesins are formed in short days. The graft- 
ing experiments show that  such a successive formation of the two groups of 
substances separated in time c a n  be substituted by their simultaneous 
formation separated in space. These tests also prove the existence of a bi- 
componental hormones system regulating flowering. 

Localization oI the Action ot l lormones of Flm~-erin 9 in the Shoot Apices 

In experiments with Rudbeckia bicolor and Perilla nankinensis the dynamics 
of mitotic activity of different zones of the shoot apex was compared with 
the dynamics of growth and flowering as related to induction by favourable 
davlength and to treatment with gibberellin. I t  was shown that  the activation 
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of the medullary zone brought about by the application of gibberellin or 
by t rea tment  with long days finally leads to an intensification of stem growtil 
and to slower flowering in Rudbeckia or to complete absence of flowering in 

Fig. 3. Flowering in grafted plants of Bryophyllum daigremontianum. A: Apical parts gTafted 
onto decapitated s~oeks. From left to right." emitrol grown in long day, experimental grafted: 
plant with shoots grown in long days, experimental grafted plan~ with shoots grown in shor~ 
day, control grown in shor~ day. 13: Grafted leaves. From left to right: control grown in Iong 
day, experimental  grafted plant with shoots grown in long day, control grown in shor~ day,. 
LL:  leaves grown in long day, LSh: leaves grown in short day, SL: shoots grown in long day,~. ~ 
SSh: shoots grown in short day. 

Perilla. The activation of the central zone brought about by substances trans,: 
ported to theap ices  from leaves growing under favourable daylengtJa ieads 
to a slowing down of stem growth and a stimulation of flowering (CHAiL_~K~ 
~rA~r et al. 1969 G~KAsrA~ et al. 1970). This justifies the assumption thati 
the action of gibberellins is localized in the medullary zone and this o~ 
anthesins in the central zone of the shoot apex (Fig. 4). 

Rudbeckia plants grown in short days form rosettes and the central and 
medullary zones of their apices are not  active (A 1). I f  the apex is t reated with 
gibberellin an activation of the medullary zone may be observed at first (A 21 
and later an activation of the central zone occurs under the influence ot 
endogenous anthesins (autonomous regulation) (A 3). During induction by 
long days gibberellins newly formed in the leaves are transported to th~ 
medullary zone and lead to its activation, thereupon an activation of the 
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,,,entral zone begins under the influence of endogenous anthesins (A 4). Pe- 
~.illa plants grown in long days contain endogenous gibberetlins (autonomous 
regulation) and therefore the medullary zone of their apices is active 
(i; 1). After treating the apex with gibberellin the activation of the medullary 
zone is enhanced but  the central zone remains inactive (B 2). After induction 
by short days anthesins newly formed in the leaves are t ransported to the 
central zone and lead to its activation (B 3). Simultaneous application o f  
gibberellin and induction by short days increases the activation of both the 
medullary and the central zone of the shoot apices (B 4). This localization of 
the hormones of flowering in the apices and the sequence of their action is 
reflected by the two-phase character of flowering. Stem formation and growth 
occur at first and are followed by formation of flowers (CI-IAII'.AKI~yA~N" 1964, 
M[LY.~.EVA and CfIAILAKI=[It'A.N" 1974). 

]l.rphO!lenesis of Isolated Stem Callus Cultures and the Ih)rmonal Complex of Flo~x'erin.q 

The experiments with isolated stem callus cultures indicated that  callus 
tissue of stem segments derived from young vegetative plants of the day- 

Fig. 4. Localization of the action of gibbereUins and anthesins ira shoot apices. A: Rudb~cL"ia 
b ice,or, from left to right: Sh: after t reatment with short day (1), Sh + G: a short t ime after t reat -  
racnt with short day and application of  gibberellin to the 'apex (2), Sh q- G: a longer t ime af ter  
treatment with short day and application of gibberellin to the apex (3), L:  after t reatment  wi th  
I.mg day (4). B:  Perilla nankinensis, from left to right: L: after t reatment  with long day  (I), 
L - -  G :  after t reatment  with long day and application of gibberellin to the apex (2). Sh: af ter  
treatment with short day (3), Sh q- G: .after t reatment  with short day and application of gib- 
berellin to the apex (4). 
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neutral tobacco cultivar 'Trapezond' regenerate vegetative buds only-and 
never form flower buds. Callus, tissue obtained on stem segments derived 
from the upper part  of flowering plants form generative buds with develbp- 
ing flowers. Such a difference in the formation of vegetative and generative 

Fig. 5. Morphogenesis of isolated s tem callus cultures from different cul t ivars  of Nicotiana.. 
Upper  row: p lants  from which s tem segments  were derived. From left to r ight :  shor t -day  cv.: 
'Mammoth '  (1, 2), day-neutra l  ev. 'Trapezond '  (3, 4), long-day species Nicotianasilvestris (5, 6),: 
exposed to long (L) and  short  (S) days, resp. G: gibberellins, A: anthesins.  Middle row: g rowth  
and  morphogenesis  of callus cultures on s tem se~oTaents. Lower row: growth an d  morphogenesis  
of  isolated callus cultures. F rom left to r ight :  'Mammoth ' ,  'Trapezond' ,  ~V. silvestris. 

buds is observed during three passages the tendency to form vegetative buds  
gradually increasing. Callus cultures on stem segments derived from bothl 
vegetative and  reproductive plants of the short-day tobacco cultivar 'Mam~ 
moth"  and the long-day species Nicotiana silvestris formed vegetative bud' 
only (Ko~sTA~TI~OV.a et al. 1969). Thus the data obtained earlier with~ 
various tobacco species (CHou_~RD and AGEm~ 1961, AOHIO~--PRAT~ 1965} 
were confirmed and additionally it was shown that  iso!ated callus cultures~ 
preserve the potencies of stem callus tissue cultivated together with the~ 
original stem segments (AKsENOVA e$ al. 1972). 

The striking fact that  callus cultures derived from photoperiodieally sen-~ 
sitive plants form only vegetative buds may be explained by the fact tha~ 
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!!,~wering in these plants is determined by autonomous as well as photoper-  
i,,dic regulation while in the day-neutral  eultivar 'Trapezond'  flowering 
&-~pcnds on autonomous regulation only (Fig. 5). In  photoperiodieally neutra l  
:!,~,cies both components of the hormonal complex of gibberellins and an- 
thesins are formed irrespectively of day  length and are probably present  in 
,tll parts of the plants including stems and apices. Therefore s tem callus 
,.ult.ures derived from flowering plants of 'Trapezond' (3, 4) form floral buds. 
~)n the other hand, in photoperiodieally sensitive species only one component  
,~" t:he hormonal complex is formed, gibberctlins in 'Mammoth '  and anthesins 
in 'Silvestris'. Therefore, callus eull~ures derived from flowering plants of 
the eultivar 'Mammoth '  (1, 2) are unable to form flowers because of a lack of 
~mthesins and of the eultivar 'Silvestris' (5, 6) because of a lack of gibberellins. 
In the entire plants of these species the  deficient hormones are formed in 
the leaves under favourable conditions of daylength and are transloeat3d 
t.,) the s~em buds. 

The above-mentioned assumption shows fur ther  possibilities for the use 
of the callus model of flowering stem callus tissue not  only from neutra l  bu t  
also from photoperiodically sensitive plants. 

{2onelusiml 

In conclusion it is necessary to dwell on two questions of great  importance 
demanding consideration in connection with a problem of subs~'.4nces or 
hormones of plant flowering. 

Science knows many effects and various compounds causiug the  induct ion 
,,f flowerfi,.g of shorVdav and long-day species under  those conditions of 
mlvironment, when they fail to flower. The existence of great  nmnber  of 
substances influencing plant  floral initiation does not  condition a great  deal 
~I" internal reactions preceding this process. Apparently,  it would be t rue to 
Sul)pose tha t  these substances effect on general endogenous system which 
u o imagine to be bicomponent system of hormones of flowering. 

Some approaches or methods taken separately a re  highly fruitful and 
valuable in the s tudy of such an integral process as plant  flowering. However,  
~hese are only tactical operations in guessing one of the most interest ing 
riddle of biology. I t  is s trategy in the organization of seientifie researches 
that we need now and such strategy, in our opinion, is complex usage of 
different models of plant  flowering. 
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