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Abstracl. Several examples of transmission of rapid signals within plants  are described. Most 
of these signals may be inhibited by pretreat ing plants  with LiC1, with inhibitors of ionic per- 
meabili ty,  or with  substances interfering with Ca ~+. Accordingly, they are dependent  on ionic 
changes. LiC1 also prevents or delays the onset of flowering in long-day plants.  In addi t ion isolated 
organs or tissues most  often do not  react to an  external  stimulus as do similar organs or tissues 
within an  in tac t  plant.  All these facts lead to the conclusion t ha t  plants are highly integrated 
organisms. Any change in the ionic equilibrium occurring in one par t  of these organisms has  
rapid consequences in other parts.  This hypothesis may  be applied to the  floral process: after 
perception of the appropriate environmental  conditions, the leaves modifv the orientat ion of 
meristem differentiation by promoting the redistr ibution of ions (especially Ca ~-+, which has a 
"second messenger" function). 

The floral differentiation of an apex in plants sensitive to a photoperiodic 
stimulus is dependent on a signal produced by the leaves. The hypothesis 
that this signal simply is a hormone-like substance migrating from the leaves 
to the meristem was not confirmed by the identification of such a substance. 
It  was also suggested that the flower inducing signal is composed of several 
substances sequentially reaching the apex (BERNIER ] 976). 

Alternatively, we have proposed that the displacement of a specific sub- 
stance is not required to explain flowering (GREPPI~ et al. 1978). We have 
hypothesized that the early steps of the floral induction (the first hours) 
may involve only changes in membrane functions and regulatory mechanisms 
which promote reproductive development. These changes which are triggered 
in one part of the organism (i.e. the leaves) by the appropriate environmental 
conditions, may then spread into the whole plant. One of the consequences 
is the development of floral buds by activation of the cells of the prosporo- 
genous meristem (mitosis). These early steps do not necessitate the synthesis 
of new proteins (GREPPIN and GAGLIAI~DI 1980). Our hypothesis is substan- 
tiated by the existence of rapidly transmitted signals in plants which in some 
cases may be translated into a developmental response. 

Rapid Interorgan Signals 

Peroxidase activity in spinach leaves is quickly modulated by short irra- 
diations w:th red or far-red light. The shape of this modulation is different 
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TABLE 1 

Plant  responses inhibi ted or modified by  LiC1 

Plant  mater ial  Stimulus Response Reference 

:[nternode of rubbing -inhibition of growth BOY~R et al. 1983 
Bryonia dioica -increase of peroxidase 

and ethylene 
Cotyledons of prickings, -development of opposite D~.sBI~Z and TH~LLIgR 
Bidens pilosus salt  cotyledonary bud  1977 

droplet - inhibit ion of hypocotyl  D~SmEZ et al. 1981 
growth 

-increase of peroxidaso 
and ethylene in hypocotyl DESBI~.Z et al. 1983 

-changes in Ca 2+ and Mn 2+ DESBI~Z et al. 1984b 
in hypocotyl 

Leaves of l ight  -peroxidase changes in KAREGE et al. 1982b 
Spinacia oleracea non-irradiated leaves 
Plants  of photoporiod -floral induction KAI~EGg et al. 1982a 
Spinacia oleracea by continuous l ight  
Leaves of ozone -peroxidaso secretion CAS!r~LLO 1984 
Sedum album in cut plants  

in vegetative and induced plants (KAREGE et al. 1979). I t  was shown that  
the peroxidase activity of unirradiated leaves is also modified when other 
leaves are irradiated. The change in unirradiated leaves practically parallels 
the change in leaves exposed to R or FR, suggesting either the transmission of 
a rapid signal between the leaves, or the modification of ionic equilibrium in 
irradiated leaves which could be t ransmit ted to other leaves (PEI~EL and 
GREt'PIN 1975). The transmission of this light effect is inhibited by pretreating 
the plants with LiC1, ouabain, tetrodotoxin, te t raethylammonium,  EGTA 
or the ionophore A23187 ( K A R E G E  et al. 1982 b). The inhibition by EGTA 
and A23187 indicates the involvement of Ca 2+ in this modulation of the 
peroxidase activity by light. This peroxidase is mainly associated with the 
leaf lower epidermis and is activated by Ca 2+ (PENEL and GREPPIN 1984). 
A more detailed s tudy showed tha t  LiC1, EGTA and A23187 suppress the 
delocalised effect of light when they are applied either on irradiated or on 
unirradiated leaves. Ouabain exerts its inhibitory effect only when it  is spray- 
ed on irradiated leaves (KAREGE et al. 1982 b). This result indicates tha t  it 
may be possible to discriminate between the generation, transmission and 
reception of the signal. 

Using Bidens pilosus seedlings it was shown tha t  a small number of 
prickings with a needle in the midrib of one cotyledon results in the preferen- 
tial development of the axillary bud opposite to the pricked cotyledon after 
removal of the apical bud (DEsBIEZ et al. 1984 a). The excision of both coty- 
ledons (pricked and unpricked) immediately after pricking does not suppress 
the preferential development of the opposite bud. In  this experimental system, 
there is a rapidly t ransmit ted signal generated by the prickings. This signal 
can be blocked by t rea tment  of seedlings with LiC1 or ouabain (DESBIEZ and 
THELZIER 1977). In  addition, pricking in a cotyledon reduces the hypocotyl  
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growth, and enhances the peroxidase activity (DESBIEZ et al. 1981) and the 
ethylene production (DESBIEZ et al. 1983) in the hypocotyl. The enhanced 
capacity of synthesizing ethylene in hypocotyl is observed immediately after 
pricking the cotyledon (DESBIEZ, personal communication). 

The existence of rapidly transmitted signals was also demonstrated by 
the experiments of DAVIES and SCHVSTER (1981), who showed that  wounding 
elicited rapid and massive formation of pol.ysomes in pea stems. The kinetics 
of polysome formation was similar in tissues adjacent to or up to 150 mm 
distant from the point of injury. This result can only be interpreted by the 
almost immediate production of a wound signal that travels rapidly both 
acropetally and basipetally. 

In 1970, KANDELER reported that under long days LiC1 inhibited flowering 
in the long-day plant Lemna  gibba but stimulated flowering in the short-day 
plant Lemna  perpusilla. Since that report, LiC1 was often shown to suppress 
or modify rapid responses of plants to external stimuli, as well as the trans- 
mission of interorgan signals within the plants (Table 1). Pretreatment of 
spinach, a long-day plant, with LiC1 delays the appearance of floral buds 
after a transfer of plants from short days to continuous light (KAREGE et 
al. 1982 a). A plant may be induced by exposing a single leaf to continuous 
light, the other remaining under short days. If  the leaf is treated with LiC1, 
the floral differentiation of the shoot apex occurs later and the acquisition 
of the floral state by the leaves kept under short days is also delayed. There- 
fore, the floral process, like the rapid intercellular signals, is sensitive to Li +. 

Several explanations of the effect of Li + were proposed. It  could take 
the place of K + in the cells and thereby lower the faculty of these cells to 
respond to external stimuli (DESBIEZ and THELLIER 1977). In helix neurons 
it was shown that Li + causes an elevation of intracellular Ca 2+ concentration, 
thus maintaining the cells in a chronic stimulated state (ALDENHOFF and Lcx  
1982). I t  must be pointed out that the plant responses inhibited by Li + are 
related to Ca 2+ redistribution (KAREGE et al. 1982b, DESBIEZ et al. 1984 a,b). 

The Floral  Induct ion  

The flowering process, in photoperiodic plants at least, depends on inter- 
organ communications. Something happens in the leaves which is trans- 
mitted to the apex. But the flowering process does not only correspond to 
the differentiation of floral buds. It  affects the whole plant organism. This 
is demonstrated by grafting experiments in which leaves of non-induced 
plants become competent to transmit the floral stimulus when an induced 
leaf has been grafted to the plant. It  is also shown by using the photomodula- 
tion of peroxidase as a test to detect the appearance of the induced state in 
spinach leaves kept under short days-, when a single leaf is subjected to the 
"inductive continuous light (KAREGE et al. 1982 a). 

A better explanation is that the floral induction corresponds to a "cellular 
state" that may be present in each part of the plant. This "cellular state", 
which is not yet defined, would concern membrane properties (membrane 
potentials, permeability), ion distribution or other discrete parameters. 

There are many examples of responses which can be observed in whole 
plants but not in isolated organs. This is the case of the rapid suppression of 
cucumber stem growth by blue light (COSGROV]~ 1981), of the effect of gibbe- 
rellic acid on elongation of spinach leaf petiole (data unpublished), or of the 
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ozone-induced secretion of peroxidases in Sedum album leaves (CASTILLO 
1984). Pu t  together with the data  concerning the transmission of rapid signals 
in plants, these experimental facts allow the conclusion tha t  the diverse 
parts of a plant are strongly interdependent.  This dependence is not  only 
based on the migration of chemical regulators, but  also on ionic equilibria. 
Experiments with Bidens seedlings have shown tha t  pricking one cotyledon 
results within one hour in great changes in the distribution of ions: there is 
a decrease of K + in the roots, a decrease of Ca 2+ and an increase of Mn 2+ 
in the hypocotyl (DEsBIEZ et al. 1984 b). 

All these experimental facts offer new clues to s tudy the  floral process 
and give the opportunity to leave the old t rack of the hormonal  explanation. 
In  particular, the redistribution of ions, among which Ca e+, a "second mess- 
enger ~', following an exposure of plants to flower promoting conditions, is 
an attractive hypothesis to explain the floral differentiation of meristems. 
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th i s  book t h e y  t u r n  to a v e r y  in t e re s t ing  topic  - -  t he  effect  of  f looding on m e t a b o l i s m  a n d  
g rowth  of  he rbaceous  and  woody  p lan ts .  E v e n  if  t e m p o r a r y  or c o n t i n u o u s  f looding w i t h  f resh  
or sa l t  wa te r  is ve ry  c o m m o n  t h r o u g h o u t  the  world,  r e sponses  of  p l an t s  to f looding h a v e  re-  
ceived less a t t e n t i o n  t h a n  thei r  responses  to d rough t .  T h a t  is the  reason  w h y  tile a p p e a r a n c e  o f  
th i s  book is so va luable .  

The  open ing  chap t e r  d iscusses  the  causes  a n d  e x t e n t  of  f looding t h r o u g h o u t  t he  world.  The  
second  chap te r  deals  wi th  t he  effects of  f looding on  phys ica l ,  chemica l  and  biological  processes  
t h a t  de t e rmine  t he  qua l i t y  o f  the  soil as a m e d i u m  for p l an t  g rowth .  T h e  s u b s e q u e n t  two  c h a p t e r s  
t r e a t  in detai l  t he  effect o f  f looding on g rowth  a n d  d e v e l o p m e n t  of  h e r b a c e o u s  a n d  w o o d y  p l a n t s  
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compos i t ion  of  c o m m u n i t i e s ) .  As  the  effects of  e n v i r o n m e n t a l  s t resses  on g r o w t h  of  p l an t s  a re  
m e d i a t e d  t h r o u g h  the  changes  in physiological  processes ,  chap te r s  5 a n d  6 p r e sen t  an  o v e r v i e w  
of  the  effects of  f looding on some  i m p o r t a n t  aspec t s  of  wate r ,  c a r b o h y d r a t e  a n d  mine ra l  r e la t ions  
and  on  syn thes i s ,  m e t a b o l i s m  a n d  t r a n s p o r t  of  ho rmones .  The  f looding in re la t ion  to plant, d iseases  
is s u m m a r i z e d  in the  s even t h  chap t e r .  T he  final two chap t e r s  give e x a m p l e s  o f  the  phys io log ica l  
a n d  morpholog ica l  a d a p t a t i o n s  of  i nd iv idua l  p l a n t  species to f looding wi th  f resh  or sa l t  wa t e r .  

The  book  - -  as all v o l u m e s  of  th i s  Series  --  is well p r i n t ed  and  a r ranged .  The  t e x t  is supp l ied  
w i th  n u m e r o u s  i n s t ruc t ive  f igures a n d  s u m m a r i z i n g  tab les  w h i c h  enable  e a sy  o r i en ta t ion  and  
u n d e r s t a n d i n g .  E x t e n s i v e  b ib l i og raphy  is added  to  eve ry  chap te r .  

The  book will be v e r y  a t t r a c t i ve  to all t h o s e  in te res ted  in t he  p e r t i n e n t  r e sea rch  field as  
a r emarkab l e  source  of  up - t o -da t e  i n f o r m a t i  on. 
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