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Abstract. The fluctuation of free IAA under 16 h dark period, in shoot~ (receptor organs of 
photoporiodic induction) and roots of'the shor.t-day plant (SDP) Chenopodium rubrum and 
i,n shoots o~ the long-day plant (LDP) .Chenopodium murale is very similar. The data reflect the 
general adjustment of auxin level to day-length rather than changes duo to floral induction. 
ttowever, the shift in phasing of the circadian rhythm of flowering was accompanied by a change 
in the position of t~he' troughs' of free IAA levels indicating a possible relationship between the two 
processes. Periods of higher sensitivity to application of IAA (3 . 10-dM) inhibitory to flowering 
have Ipeen observed both during the endogenous rhythm of flowering in the SDP C. rubrum and 
during induction by days of continuous illumination in the LDP C. murale. There exist commou 
traits in the response of LDP and of SDP Chenopodium to auxin treatment. Aminoethoxyvinyl- 
glycine (AVG), an inhibitor of ethylene biosynthesis, counteracted some flowering inhibitory effects 
of IAA when applied simultaneously with it. This suggests that auxin effects in modifying flo- 
wering might in fact be duo to ethylene. 

Since the  first  r e p o r t  b y  DOSTXL a n d  HO~EK (1937) on  aux in  i n h i b i t o r y  
ac t ion  in f lowering of Circaea in termedia ,  this  p h y t o h o r m o n e  has  been  gener-  
a l ly  recognized as p0~rt of  the  f lowering cont ro l  mechan i sms .  I t s  s ta t t t s  r a n g e d  
f rom t h a t  of  a specific c o m p o n e n t  of  floral s t imulus  to a f lowering m o d i f y i n g  
a g e n t  exh ib i t i ng  pha rmaco log i ca l  effects. I n  general ,  a u x i n  was f o u n d  to  
inh ib i t  f lowering in s h o r t - d a y  p l an t s  and  to  be  ineffect ive or to  p r o m o t e  
f lowering in l ong -day  p l an t s  (mos t  of  the  older l i t e r a t u r e  was  rev iewed  b y  
L),~G 1961). F o r  severa l  reasons  in te res t  in aux in  r ev ived  in r e c e n t  years .  The  
i n t roduc t i on  of  exp l an t s  as models  for  stuc~ying f lowering le.g. AKSENOVA et 
al. 1972) once aga in  conf i rmed p r o f o u n d  effects o f  app l ied  a u x i n  on flower 
in i t i a t ion  and  morphogenesj~ .  F u r t h e r m o r e ,  s i tes  of  exogenous  aux in  actior~ 
in f lower ing  were ,recognized a t  leas t  a t  t he  a n a t o m i c a l  level.  I t  was  o b s e r v e d  
(SEIDLOV)~ and  KHATOO• 1976) t h a t  aux in  suppresses  the  a c t i v i t y  of  axf l la ry  
m e r i s t e m s  which  are re leased f r o m  apical  d o m i n a n c e  b y  t r e a t m e n t s  enhanc ing  
or induc ing  flowering,  n o t a b l y  b y  pho tope r iod ic  induct ion .  The  role of  aux in  
in changing  m e m b r a n e  p roper t i es  m a y  also be  r e l e v a n t  to some of  i t s  effects 
on floral ac t iv i ty ,  as f luc tua t ions  in m e m b r a n e  s t a t e  has  been  cons idered  as 
a basis  of  m o s t  p h e n o m e n a  of endogenous  r h y t h m i c i t y  (VANDEN DRIESSCttE 
1980), inc luding those  of flowering. 
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In order to study the physiological, role of ~uxi~ in flowering r following 
approaches were adopted, based on our proviou~re~U|l~. We tested thoat~eady 
established relation between a decreasing l~v.el of fre~ IAA in shoots and 
a high capacity of flowering (PAVLOV~,and KI~EKt~L~ 1984}. 

Moreover, we investigated whether or not the rhythmic fluctuation of 
endogenous IAA reflects changes in responsiveness to exogenous IAA. Also 
we wished to know whether there exists any similarity in response to IAA 
treatment in SD and LD Chenopodium. The flowering promotirlg act ivi ty of 
auxin in Bromel~aceae is due to. enhanced ethylene synthesis. Thus, we $ried 
to find o u t  whether some other auxin effects, namely the inhibitory ones, 
are mediated by ethylene. 

MATERIAL AND METHODS 

Material 

Seedlings of the quantitative short-day plan~ Chenopodium rubrum (selec- 
tion 374) and quantitative long-day plant Chenopodium murale (selection 
197) were used. 

Cultivation and Flower Induction 

Both species were cultivated in small volume growth chambers at 20 ~ 
Illumination was provided by day-light fluorescent tubes (55 Wm -2 at plant 
level). The seedlings were grown in half-strength Knop's solution either 
as hydroponics or in perlite. One to three short days (the critical photoperiod 
for flowering is 16h) are needed for complete flowering in C. rubrum and its 
response is strictly age dependent (ULLMA~N et al. 1985). C. murale (LDP) 
is induced to flower by eight to ten days of continuous illumination. The 
response to the photoperiod is not age dependent. The seedlings were cultivat- 
ed before and after induction: under continuous illumination in SDP C. 
rubrum and under eight hours short day in LDP C. murale. Unlike the 
majority of LDP C. murale does not form leafy rosettes under vegetative 
conditions. The age of plants and conditions of induction are given with 
e~ch particular experiment. 

Application of  Chemicals and Scoring of  Plants 

IAA and AV~ were applied as a 3 lzl droplet of aqueous solutions to cotyle- 
dons, leaves or plumules at the concentrations indicated for each experiment. 
The concentration used was most effective in inhibiting flowering without 
interfering apparently with the growth rate of plants. Ten plants from each 
treatment  were dissected under a stereo-microscope and scored for percen- 
tage of flowering and length of the stem apical meristem, which is posi- 
tively correlated with the degree of induction. The time of evaluation is 
g~ven in each experiment. 

Estimation of  Endogenous Free IAA 

Endogenous flee IAA was estimated as ~-pyrone by the fluorimetrie 
method (Mous])~LE ctal. 1,97,8). A known activity of 14C-IAA was added to 
the extracts as the internal standard and the losses due to purification were 
evaluated (PAvLOV~ and K•EKULE 1984). 
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Uptake and Transport of  x4C--IAA 

To quantify the uptake of exogenous IAA and to follow its transport, 
experiments with 14C-IAA were performed. Labelled IAA was applied in 
the same way as non-radioactive material and the radioactivity distribu- 
tion between different organs was evaluated using scintillation counting. 

RESULTS 

Fluctuation of  Endogenous Free IAA under Photoperiodic Conditions 

Free IAA fluctuation was estimated under conditions inductive for flower- 
ing in SDP Chenopodium r~zbrum, i.e. under 16 h darkness and 8 h light. 
We wished to know whether the pattern of IAA changes might be specifio 
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Fig. 1. Level of free IAA in six day old seedlings of Chenopodium rubrum and in seven day old 
seedlings of Chenopodium murale. --  A. Fluctuation of free IAA in shoots (O) and roots (�9 
of C. rubrura during the mclue~lve photoperiod 8 �9 l'~'h. --  B. Fluctuation of free IAA in shoots 
of C. rubrum ( � 9  and C. rnurale ( 0 ) in the dark period ( 16 h) inductive for G. rubrura. --  C. Flue - 
tuation of free IAA in shoots of C. rubrum under conditions of prolonged darkness ( �9 ) and when 
darkness was preceded by photoperiod (~': 8 h) which rephased the peak of endogenous rhythm 
of flowering (O). Arrows indicate the position of maxima of flowering rhy thm in the former 
(full poin t with arrow) and the latter cases {open point with arrow). 
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TA~L~ 1 
Time-course of 2-1aC-IAA uptake  into cotyledons and  leaves of 13 days old plants  of Cheno- 
podium rubrum [% of to ta l  amount]  

Light  Darkness Site of application 
[hi [h] leaves cotyledons 

3 -- 38.4 10.4 
- -  2 -- 3.5 
- -  4 - -  6.4 
3 6 53.3 15,6 

- -  1 3  - -  16,2 
3 13 55.8 26.6 
3 22 62.5 35,6 

- -  24 - -  37.6 
- -  45 - -  53.5 
3 45 79.6 52.2 

t o  the receptor organs of photoperiodic signals in C. rubrum. The fluctuation 
pattern of free IAA in the roots of C. rubrum (exposed to photoperiodic 
conditions) and in the shoots of LDP C. murale are very similar to that  
found in the shoots of C. rubrum (Fig. 1A,B). Six hours darkness followed 
by eight hours light will shift the first peak in endogenous rhythm of flowering 
from the 13th to the 20th hour (KING and CUMMZNG 1972). This shift of phase 
in the endogenous rhythm brings about a corresponding displacement of IAA 
fluctuation as seen in Fig. 1C. However, this holds true only for the decreasing 
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Fig. 2A. The effect of IAA (3 t~l droplet of 3 �9 10-4M aqueous solution of IAA was applied to the 
cotyledons) on t]owering of 6 days old C. rubrum plants. A single dose of IAA was applied 
before or during prolonged darkness and the changes of the magni tude of flowering est imated 
according to the second max imum of the endogenous r h y t h m  of flowering. The position of the 
first and  second maxima of flowering is indicated by  the arrows. 
Fig. 2B. The effect of La.A (3 ~1 droplet of 3 .10-4M aqueous solution of IAA was applied either to 
the  first pair of leaves (O) or to the cotyledons ( � 9  on flowering of 14 days old C. rubrum plants.  
IAA was applied before or during inductive darkness and the changes of the magni tude of 
flowering were est imated according to the first max imum of endogenous rhy thm of flowering 
(13th h). 
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phase of IAA level which becomes less abrupt. The character of the IAA rise 
after plants are transferred to darkness remains practically unchanged. 

T i m i n g  o f  the Response to Inhibitory Action o f  Exogenous IAA in C. rubrum 

To find out whether there are periods with different sensitivity to IAA appli- 
cation during inductive treatment,  IAA was applied step-wise to plants 
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Fig. 3. The  effect o f  I A A  (3 ~1 drople t  of  1 �9 10-3M a q u e o u s  so lu t ion  was  applied to the  p lumule )  
on  f lowering of  6 days  old C. m u r a l e  plants .  I A A  was  appl ied  on each consecu t ive  d a y  o f  10 
d a y s  i nduc t ion  b y  c o n t i n u o u s  i l lumina t ion .  T he  m a g n i t u d e  o f  f lowering was  e s t i m a t e d  on  t h e  5 th  
d a y  a f te r  induc t ion .  The  he i gh t  o f  the  apical  m e r i s t e m  (Q)  was  e v a l u a t e d  a t  t he  m o m e n t  o f  I A A  
appl ica t ion .  A - -  p l an t s  g rown wi t h  da i ly  wa te r ing ,  B --  p l an t s  g rown wi th  u n l i m i t e d  w a t e r  
supp ly .  

shortly before or during the dark period. The effects were related to the 
first or to second peak of the endogenous rhythm of flowering. The results of 
an experiment with IAA application during 45 h of darkness are summarized 
in Fig. 2A, those with application within 13 dark hours in Fig. 2B. Applica- 
tions close to the peaks of rhy thm are distinctly less effective in inhibiting 
flowering than at other times. The application to leaves was more effective 
than that  to cotyledons (Fig. 2B). Leaves were receptors for the photoperi- 
odic signal at that  time (unpublished results). The rate of IdC - - I A A  uptake is 
illustrated in Table 1. There is much more uptake in light than in darkness 
and the uptake by cotyledons is less than by leaves. 

T i m i n g  of  the Response to Inhibitory Action o f  Exogenous IAA in C. murale 

IAA application prQduced inhibition of flowering in C. murale (Fig. 3A). 
There exists a clear-cut sensitive phase to IAA application at the beginning 
of induction. Another inhibitory effect occurred at the end of induction, 
being possibly related to the growth rate of the plants. This is inferred from 
the fact that  in plants with unlimited water supply and correspondingly 
high growth rate the second peak of inhibition is usually absent (Fig. 3B). 

An Inhibitor o f  Ethylene Biosynthesis Reverts Flowering Inhibition Due to IAA 

IAA treatment  in four days old plants of C. rubrum induced to flower by 
12 h dark period markedly decreased the percentage of flowering and the 
height of the shoot apical meristem. AVG applied simultaneously with auxin 
cancelled its effect to a great extent (Table 2). AVG alone is relatively inef- 
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TA~Lg 2 

AVG effects on flowering of Cbenopodium rubrum inhibited by IAA 

315 

Treatment  Time of t reatment  Flowering Height  of the 
relative to the begin- [~o] shoo~ apex 
ning of dark period [mm] 

[hi 

Control -- 70 0.34 • 0.015 
5.10-4M IAA --2 0 0.I1 • 0.012 
1.10-4M AVG --2 70 0.42 ~ 0.042 

5.10-4M IAA ~ --2 30 0.26 :L 0.023 
1.10-4M AVG J - 2  

5.10-4M IAA -~12 10 0.24 :t: 0.038 
1.10-dM AVG + 12 80 0.37 • 0.032 
5.10-4M IAA / +12  
1.10-dM AVG ] + 12 40 0.30 • 0.03 

Four days old plants were induced to flowering by one dark period of 12 h. 

fe.ctive in changing the pattern of flowering. The results confirm a series of 
experiments made along this line by MACH~KOVA et al. (1985) on both C. 
rubrum and C. murale. 

D I S C U S S I O N  

The similarity in the free IAA fluctuation in. shoots and roots of C. rubrum 
and in shoots o:f C. murale and C, rubrum points to a general regulation of 
auxin level under photoperiodic conditions rather than to specific reflection 
of floral inductiom However, the phylogenetic aspects of photoperiodism 
are ,at the moment too vague (e.g. SKmPCHI~ISKIi 1975) to provide a sound 
basis for such considerations. This lack of "specific" response of free IAA to 
inductive conditions in shoots of C. rubru~;~ is in accordance with the view 
of COOKE (1954), who held that changes in auxin level in leaves are not asso- 
ciated with flower induction. On the contrary, LOZHI~IKOVA et al. (1982) has 
observed opposite tendencies in phytohormone fluctuation when comparing 
long-day and short-day species of tobacco. I t  may be argued that some 
physiological phenomena in flowering such as the fluctuation of IAA and 
rise in mitotic activity, are of general occurrence but exert their regulatory 
function only ia target tissues and/or organs. Thus the previously establishe4 
negative correlation between the capacity of flowering and low !evel of free 
IAA (TELTSCHEROVA et al. 1976, PAVLOV~_ and KREKULE 1984) may still 
be of physiological significance. The observed connection between change in 
position of the trough of free IAA level, and phase-shift of the endogenous 
rhythm of flowering points to such a ,possibility. 

Periods of higher response to IAA which is inhibitory to flowering were 
found in both C. rubrum and in C. murale. The pattern observed in C. 
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rubrum suggests involvement of the endogenous rhy thm of flowering with 
lower sensitivity to IAA occurring at the peaks of flowering capacity. 

The floral effects of phytohormone (ABA) t reatment  within the endogenous 
rhy thm of flowering have been studied in C. rubrum by A~REA~ (1976) 
and responsive periods were established. KIND (1975) also found in C. 
rubrum a rhythmic response to GA3 application, which was localized in the 
apex. Our results suggest that  the effect is in both species localized 
in photoreceptive organs, i.e. cotyledons and leaves. Indirect evidence for 
this assumption is that  organs receptive to photoperiodic conditions are also 
responsive to IAA (Fig. 3). Also, the degree of response to IAA is highest at 
the beginning of the rhy thm in C. rubrum (e.g. application before the onset 
of the dark period) and decreases afterwards. T h e  opposite should be true, 
when processes of evocation taking place in the apex after the arrival of 
stimulus from cotyledons and leaves (approximately 24 h after the beginning 
of the dark period), were also involved. The inhibition of flowering due to IAA 
effect found at the beginning of induction in C. murale is not likely to involve 
directly processes of apex growth and differentiation as these occur some four 
or five days later. Thus, besides the apical meristem being a site of direct 
inhibitory action of IAA (KREKULE and P~iVRATSK~ 1974, PR1VRATSKY et 
al. 1976, SEIDLOV-~ and KHATOON ]976), auxin is likely to exert its effects 
in cotyledons and leaves, possibly interfering with the production of floral 
stimulus and affecting rhythmic phenomena of flowering. The effect of auxin 
in leaves has been already envisaged (e.g. SALISBVRY 1955, NAKArA~A 1958). 

The existence of periods with higher response to IAA inhibition in LDP 
C. murale is rather surprising. Inhibition of flowering by auxin is usually 
considered to be a result of overall growth inhibition (LANe 1961) in long-day 
plants. This was certainly not the case here as various treatments did not  
cause difference in growth rate. Thus, it does not seem that  inhibitory action 
of IAA in flowering is limited only to certain photoperiodic categories as 
has usually been claimed. I 

Serious problems are met when trying to correlate changes in responsive- 
ness to IAA with the state of free IAA within the tissues. There is no marked 
fluctuation of IAA during the induction in C. murale (unpublished results). 
I t  is impossible at the moment  to establish the level of IAA within the  
tissues which is critical for flowering inhibition. Moreover, the quanti ty of 
applied IAA exceeds by at least a double order of magnitude the range of 
fluctuation of endogenous free IAA. Even taking into account the rate of 
exogenous IAA uptake (Table 1) and its breakdown (unpublished results) 
it will still be several times higher. This problem should be further inve- 
stigated. 

AVG which inhibits a step leading to synthesis of 1-aminocyclopropane-1- 
carboxylic acid (ACC), a universal ethylene precursor (YA~G and Ho- 
rFMA~ 1984), reverted auxin inhibitory action. I t  was found that  in C. rubrum 
auxin application brings about a rise in ethylene production which may in 
turn be cancelled by AVG (MAcHXOKOVA et al. in press). I t  may thus be assumed 
that  ethylene represents an active factor in auxin inhibition of flowering. 
The data on ethrel (ethylene releasing compound)inhibi tory effects on the 
flowering of C. rubrum (KHATOO~ et al. 1973) are in accordance with this 
assumption. The above results show the need for a revision of data obtained 
when studying auxin effects in flowering. 
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