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Abstract .  Growth measurements on individual polycormones of Scirpus lacustris L. cultivated 
in hydroponic sand cultures from single rhizome cuttings enabled us to analyse the process of 
offshoot formation. The time interval in the growth of individual subsequent shoots of one 
polycormone (plastoehron), the final length of the shoot and the number of shoots formed during 
the growth period are suitable parameters for describing the rhythm of offshoot formation. 
The interdependence of these parameters and the effect of cutting or shading of individual 
shoots characterize the translocation of assimilates produced by individual shoots, and their 
use for the growth of subsequent shoots. 

: F r o m  t h e  p h y s i o l o g i c a l  s t a n d p o i n t ,  a n  a n a l o g y  e x i s t s  b e t w e e n  t h e  fo r -  
m a t i o n  o f  s u c c e s s i v e  s h o o t s  g r o w i n g  f r o m  a p a r e n t  p e r e n n i a l  p l a n t  a n d  t h e  
f o r m a t i o n  o f  s u c c e s s i v e  l e a v e s  on  a s h o o t .  T h e  r h y t h m  o f  d e v e l o p m e n t  o f  
i n d i v i d u a l  s u c c e s s i v e  s h o o t s  m a y  b e  d e s c r i b e d ,  as  in  l e a f  d e v e l o p m e n t ,  in  
t e r m s  o f  p l a s t o e h r o n s ,  w h i c h  a r e  w i d e l y  u s e d  as  a m e a s u r e  o f  t h e  r a t e  o f  
l e a f  d e v e l o p m e n t  ( E R I c H s o ~  a n d  MICHELINI  1944, SAEKI 1960, WHALEY 1961, 
DORMER 1965, etc.) A p l a s t o c h r o n  is c o n v e n t i o n a l l y  d e f i n e d  as  t h e  t i m e  i n t e r -  
v a l  b e t w e e n  c o r r e s p o n d i n g  s t a g e s  o f  t h e  d e v e l o p m e n t  o f  s u c c e s s i v e  l e a v e s .  
A n y  s t a g e  ( i n i t i a t i o n ,  m a t u r i t y  etc.) m a y  be  c h o s e n  as  a r e f e r e n c e  s t age .  
T h e  m a i n  t h e m e  o f  o u r  e x p e r i m e n t s  w a s  t h e  a n a l y s i s  o f  o f f s h o o t  f o r m a t i o n  
as  a d e v e l o p m e n t a l  p r o c e s s  d e f i n e d  b y  c e r t a i n  p a r a m e t e r s ,  t h e  i n t e r d e p e n -  
d e n c e  o f  t h e s e  p a r a m e t e r s  o r  t h e i r  r e l a t i o n  t o  t h e  p r o d u c t i o n  a s p e c t  o f  
o f f s h o o t  f o r m a t i o n  a n d  t o  t h e  t r a n s l o c a t i o n  o f  a s s i m i l a t e s .  

Materials and Methods 
Scirpus lacustris L. was chosen for experiments on offshoot formation for its simple mor- 

phology of both aerial and underground parts. The cylindrical aerial shoots bear several small 
leaves only in the early stage of shoot development. Later on, these leaves die off. The rhizomes 
growing from the parent plant form one or several branches, and only few shoots sprout from 
the base of mature shoots at right angles to the original direction of propagation. 

The planted material originated from the littoral stands of Scirpus lecustris growing in the 
surroundings of T~ebofl (South Bohemia). The plants were cultivated in hydroponic installations 

* Present address." DukelskA 145, gleLcfl, Czechoslovakia. 
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in s a n d  i r r iga ted  wi th  u n u t r i e n t  so lu t ion  (compos i t ion  is g iven  in D~-tr et al. 1971) f rom 
J a n u a r y  to J u l y  in the  yea r s  1968--1970,  in T~ebofi (South  Bohemia) ,  m e a n  d a y  t e m p e r a t u r e  
a b o u t  20 ~ E a c h  year ,  50 c u t t i n g s  of  rh i zomes  bea r ing  one t e rmina l  b u d  were p lan ted .  On ly  
few of  t h e m  showed  an  e x t r e m e l y  a b n o r m a l  g r o w t h  a n d  were therefore  d iscarded.  The  re la t ive ly  
h igh  va r i a t i on  in g rowt h  ra te  enab led  u s  to compa re  t he  p a r a m e t e r s  of  offshoot  f o rma t ion  on  
a larger  scale t h a n  would  h a v e  been  possible  wi th  a h o m o g e n e o u s  mater ia l .  

The  l eng th  of  the  ind iv idua l  shoo t s  was  m e a s u r e d  a t  th ree  d a y  in t e rva l s  a n d  the i r  g r o w t h  
cu rves  were cons t ruc ted .  I n  1969 a n d  1970 t he  c u t t i n g  off a n d  to ta l  shad ing  of  ind iv idua l  shoo t s  
were appl ied  to c lar i fy  t he  t r ans loea t ion  of  ass imi la tes  f rom one shoo t  to ano the r .  The  ind iv idua l  
shoo t s  were c u t  a t  thei r  buses  a t  dif ferent  s tages  of  d e v e l o p m e n t  or  in  success ion (cu t t ing  the  
first, second etc. shoots) .  The  per iod of  to ta l  s h a d i n g  wi th  p o l y e t h y l e n o u s  foils was  one week 
in  all cases.  

Results 

The development of individual shoots forms a regular succession resembling 
tha t  of a plastoehron scheme for successive leaves on a shoot. The length 
of the shoots increases with their order, reaching an approximately constant  
value after a certain period. I f  we apply the term plastochron to the time 
distance between the growth of two successive shoots, we obtain a time 
scale for the development of shoots from a parent bud. A plastochron may 
be defined in different ways (see discussion in ONDOK 1968). We defined 
the plastoehron for the process of offshoot formation as the time interval 
of  two successive growth stages of the shoot (height 20 cm). 

The plastoehron scale in offshoot formation has a different character from 
that  of leaf development:  Firstly, one or more branches of successive offshoots 

are formed, each having different 
orientation (for examples see 

a c Fig. 1), and a different plaste- 
r z 3 , ~2 ~ 1 l i ] chron scale. Secondly, in leaf 

. . . .  - - development the successive 
~ l plastochrons become longer with 

the age of the plant (Fig. 2b), 
whereas, in offshoot formation 

b d , / ~  of Scirpus lacustris the succes- 
sive plastochrons become shorter 
(Fig. 2a). The growth scheme 
of offshoot formation in a linear 

. . . . .  succession on a single branch 
(obtained on the basis of shoot 
length measurements) has its 

]Fig. 1. Schemat i ea l  i l lus t ra t ion  o f  offshoot  fo rma-  o w n  regular rhy thm different 
t ion  in  Scirpus lacustris c u l t i v a t e d  in  hyd ropon iea l  f r o m  tha t  of the formation of 
condi t ions .  M - - p l a n t e d  c u t t i n g  of  t he  rh izome.  

lateral offshoots growing at right 
angles to the orientation of this 

branch (Fig. 2e). The growth scheme and plastochron scale are different in 
individual branches growing from one parent  bud (full and dashed line 
in Figs. 2d and 3a). 

The plastoehron scale (when considering only the main succession of 
offshoots) generally has the following rhythm:  At the initial phase the plasto- 
chron becomes shorter, and the length of successive shoots increases. From 
a certain time point  of development the final length of shoots and plasto- 
ehrons remain approximately constant. Finally, the reverse process may 
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Fig.  2. Some e x a m p l e s  o f  g r o w t h  schemes :  a, c, d - -  p l a s toch ron  scale of  offshoot  f o r m a t i o n  
in  S c i r p u s  l a c u s t r i s ,  b - -  p l a s t och ron  scale of  leaf  d e v e l o p m e n t  in  T y p h a  l a t i f o l i a .  ~ I n  c, t he  
f igures m a r k  t he  order  o f  shoo t s  in  success ion,  t he  d a s h e d  line la tera l  offshoots;  in d offshoot  
f o r m a t i o n  in  two d i rec t ions  is r ep re sen t ed  b y  a full  a n d  a d a s h e d  line.  
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:Fig. 3. Scheme of  offshoot  f o r m a t i o n  in  two di rec t ions  (a) a n d  the  effect  of  c u t t i n g  or s h a d i n g  
on  the  r h y t h m  of  offshoot  f o r m a t i o n  (b, c, d) in th ree  po lycormones .  The  d a s h e d  line shows  t he  
expec ted  values ,  p '  - -  p l a s tochron .  
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Fig. 4. Gradient of final shoot length (l) and of 
plastoehrons (p) in subsequent shoots (n - -  order 
of the shoot) for three polyoormones. 
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be observed  - -  the  p las tochrons  
become  longer and  the  final l ength  
decreases. This general  r h y t h m  of  
offshoot  fo rma t ion  was observed  in 
all po lycormones  wi th  some excep-  
t ions:  (1) A v e r y  small va lue  for  
the  first p las tochron  in m a n y  cases 
(Fig. 4). This  is easy  to  in te rpre t ,  
as the  g rowth  of  the  second shoot  
m a y  be d ep en d en t  no t  on ly  on the  
p h o t o s y n t h e t i c  capac i ty  of  the  first 
shoot  b u t  also on the  t r ans loca t ion  
of  reserves  f rom the  original rh izome 
cut t ing,  whereas  all t he  subsequen t  
shoots  p r e s u m a b l y  make  use of  assi- 
milates p roduced  b y  the  previous  
shoots.  - -  (2) Devia t ions  in values  of  
the  p las tochron  and  in shoot  length  
(e.g., one or two tillers were shor te r  
t h a n  the  previous  ones). This  devia-  
t ion  is expla ined  b y  the  fo rma t ion  
of  la teral  offshoots affect ing jus t  
those  shoots  to  which t h e y  are 
a t t a ch ed  (Fig. 2c). 

We m a y  consider th ree  quant i -  
t ies as pa rame te r s  of  offshoot  for- 
mat ion :  the  to ta l  n u m b e r  of  shoots  
fo rmed  dur ing  the  g rowth  per iod  (n), 
the  mean  p las tochron  va lue  (~) and  
the  mean  final shoot  length  (l) per  
1 po lycormone .  I n  our  expe r imen t s  
n was most  var iable  (V ~- 31.6~/o), 
t he  smallest  va r ia t ion  was assessed 
in l (V = 17.7~ while the  varia-  
b i l i ty  of  ~ was in t e rmed ia t e  (V z 
= 27.1~o ). The  d i s t r ibu t ion  of the  
var iab i l i ty  did no t  change when 
cu t t ing  or shading had  been applied. 
The pa rame te r s  n,  ~ and  p are no t  
i ndependen t  b u t  show a m u tu a l  
correlat ion.  The  nega t ive  correla- 
t ions of an a p p r o x i m a t e l y  l inear 

Fig. 5. Correlation between single parame- 
ters of offshoot formation: n -  number of 
shoots formed from one bud during the 
season, iS--mean plastoehron value for 
1 polyeormone, ~ -  mean final length of 
shoots in 1 polyeormone. 
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form between ~ and ~, and between ~ and n are il lustrated in Figs. 5a 
and 5b, respectively. The correlation between ~ and n is positive, bu t  slighter 
than in the two previous cases (Fig. 5c). 

The rhy thm of offshoot formation may  be interpreted as a result of two 
factors: (a) of the production capacity (size of assimilation apparatus)  
and photosynthet ic  efficiency (given prevailingly by  climatic conditions) 
of individual shoots, and (b) of a morphological t rend on the other hand. 
The interaction of these factors influences the growth of a shoot in dependence 
on the growth of the previous shoots. The rhy thm of offshoot formation 
may  be disturbed b y  removing one or more shoots or by  shading them over 
a chosen interval. Cutting off (or shading) a shoot should affect all the sub- 
sequent shoots tha t  were supplied with assimilates from this cut-off (shaded) 
shoot. Such a s tudy  of translocation, of course, offers only qualitative data.  

The  Effeets of Cuttin 9 off or Shadin 9 May be S u m m a r i z e d  as  Fol lows:  

(1) They induce a decrease in the final length in subsequent  shoots, the 
lengthening of subsequent  plastochrons, and an immediate deviation from 
the expected growth curve in some of the immediately subsequent  shoots 
(Figs. 3b, 3d). 

(2) Their effect on any of the parameters  n, ~, ~ was of the same strength. 
(3) An immediate deviation from the expected growth curve was observed 

in the first and sometimes in the second subsequent  shoot. 
(4) The effect on the parameters  n, ~, ~ and on the immediate deviation 

from the growth curve was dependent  on the order of the shoot cut off or 
shaded and was most pronounced in the first shoot. 

(5) The intensity of the effect was dependent  on the growth rate of a poly- 
cormone. I t  was more conspicuous in individual shoots, which at tain relatively 
smaller final lengths and whose plastoehrons are longer. 

Diseussion 

The immediate deviation from the expected growth curve observed in 
the first subsequent  shoot suggests tha t  assimilates are translocated from 
any single shoot only to the two subsequent  offshoots. Later  offshoots seem 
to depend prevailingly or entirely on the parent  shoot only. The rate of 
formation of lateral offshoots depends on the vigour of individual shoots. 
I f  the growth is favourable and the offshoots sprouting at short intervals 
form a large assimilation apparatus which produces more material than 
is required by  the internal rhy thm of the growth, some shoots begin to form 
lateral offshoots. However,  even in considering this, the interpretation of 
the translocation mechanism is by  no means simple. In  some instances, 
the growth of new lateral offshoots because of parent  shoots was observed 
(Fig. 2c). These parent  shoots did not  at tain the expected final length. 
We may distinguish between three cases: (a) the production capacity is 
over-sufficient to supply the growth of the main succession of shoots and 
lateral offshoots are formed; (b) the production capacity is just  sufficient 
to supply the growth of the main succession and no lateral offshoots are 
formed; (c) the production capacity is sufficient to supply the growth of 
the main succession of shoots and lateral offshoots are formed because of 
the growth of their parent  shoots. 
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The effect reported in (4) of Results may  be explained if it is assumed 
that  the cutting off or shading of the first offshoot means a complete de- 
struction of the photosynthetic  apparatus.  The new shoots must grow from 
underground reserves. In cutting off (shading) any further subsequent  
shoot, this apparatus is only partially destroyed and, with mature shoots 
left, the effect may be fully compensated, and only the number  of lateral 
offshoots is limited, so that  no change is observed. 

From point (4) it follows tha t  the translocation of assimilates may be 
bet ter  understood as a fully coordinated process in which materials formed 
by  a growing shoot are part ly  used for its own growth and, at the same time, 
part ly  translocated to the subsequent shoots that  start  growing. 

The picture of the mechanism of vegetat ive propagation as given in our 
results of experiments represents a simplified model. The material under 
investigation in our experiments were single polycormones cult ivated in 
artificial conditions. In natural  conditions some additional factors play 
a role, which could not  be involved in our experiments, e.g. the competitive 
ability, variation in soil conditions, density pat tern etc. Nevertheless these 
experiments enable us to understand to some extent  the rhy thm of offshoot 
formation and to analyse the hypothetical  mechanism of translocation of 
photosynthates  although in qualitative terms only. 
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R~stov~ m ~ e n i  na jednotliv:~ch polycormonech druhu Scirpus lacustris L. p~istovan:~ch 
v hydroponnfch kulturAch z oddenkov~eh Hzkfi umo~.nila analyzovat proees odno~ov~ni. ~asovy 
interval r~stu dvou nAsledn:~eh pr~td (plastochron), kone~nA d61ka pr~tu a po~et pr:~td vytvo- 
t~enI~ch b~hem sezony jsou vhodn~ni  parametry pro popis ry tmu vegetativnlho rozrSstAni 
polykormu. Vzs z~vislost t~chto parametrd a vliv od~ezAnf, resp. dpln~ho zastfn~ni jed- 
notliv:~eh pr:~tfi charakterizujf translokaci asimilAtd vytvo~enych jednotliv:~mi pr:~ty i jejich 
vyu~iti pro rdst dal~fch nAsledn:~ch pr~td. 


