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Abstraet. The interaction between exogenous 2-chloroethylphosphonic acid (Ethrel, CEPA) 
and  auxin  (both nat ive and  synthet ic  - -  IAA) r s tudied on pea and  bean seedlings, pota to  
tubers,  and  processed flax plants.  After the addi t ion of ethrcl the  inhibit ing effect of IAA was 
decreased in all objects and  it was found tha t  the concentrat ion of the growth of the regulators 
played an impor tan t  role. The growth response of a par t  of flax hypoeotyl,  as induced by exogen- 
ous auxin  produced in the cotyledon, was reversed by ethrel, too. The application of ethrel on 
the epicotyl apex in beans resulted in the  lost of apical dominance of epicotyl and  in the growth 
of lateral bads  together with the epicotyl. When  s t imula t ing  the growth, ethrel reverses the  
inhibitions through the decrease in the auxin  content  (from an inhibiting, supraop t imum level 
to an  op t imum one which already s t imulates  growth). In  objects with a low content  of endogenous 
auxin  the ethrel induced the decrease in the auxin  content  and  shows an  inhibit ing effect on 
growth. 

The results of studies on the effect of the morphoregulator ethrel on plants 
gave the information on its relation to the spectrum of native growth regu- 
lators and, in the studies on the reaction of ethrel with exogenous regulators, 
on its interaction with these substances. SANKHLA and SHUKLA (1970) and 
HRADIL~K (1972a) studied the relationship of ethrel to exogenous gibberellin 
and found out using various objects that ethrel decreased the stimulative 
effect of gibberellin on the elongation growth of plant organs. HRADIL~K 
(1974) in an experiment with radish cotyledons demonstrated that ethrel also 
decreased the stimulative effect of 6-benzylaminopurine on the production 
of fresh matter of radish cotyledons induced by this cytokinin. SA~KHLA and 
SA~KHLA (1972)observed a reversal of the germination inhibition in lettuce 
seeds (Lactuca sativa L.) by ethrel. ]-IRADILIK (1972, 1973) described the 
antagonism between endogenous auxin produced in the epicotyl apex of 
germinating seedlings of pea (Piaum sativum L.) and exogenous ethrel which, 
in many cases, caused a temporary reversal of the apical dominance and 
induced the growth of axillars on plants with an intact epicotyl. 
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The stimulating effect of ethrel on the growth of lateral, correlatively- 
inhibited buds and the ability to break seed dormancy (IY~R et al. 1970; 
OBm~DALOV~ and HRADILiK 1973) suggest a marked ability of ethrel, and 
thus "de facto" of ethylene released by this substance (EDGERTO~ and BLA~- 
PI~I) 1968; PRATT and GOESCHL 1969; YANG 1969), to interfere with the 
endogenous regulation system. 

This study is an attempt to explain interactions between both endogenous 
and exogenous auxin and ethrel in various botanical objects. 

Material and Methods 

P e a  (Pisum sativum L. cv. R a m a n )  

(a) P e a  seeds  were i mb i bed  in  a n  e thre l  68 - -250  so lu t ion  o f  va r ious  c o n c e n t r a t i o n s  (2-chloro- 
e t h y l p h o s p h o n i c  acid;  CEPA) ,  m a n u f a c t u r e d  b y  A m e h e m  Co. (Ambler ,  1USA), a u x i n  (indole-3- 
-acet ic  acid,  IAA) ,  m a n u f a c t u r e d  by  L a c h e m a  Co. (Brno,  Czechoslovakia)  a n d  in t h e  m i x t u r e s  
o f  these  subs t ances .  

Control  seeds  were i mb i bed  in  dmt i l led  water .  Af t e r  12 h all t h e  t r e a t m e n t s  were w a s h e d  w i t h  
wate r ,  p laced  in to  d a m p  s a w d u s t  (radices d i rec ted  downwards ) ,  a n d  i n c u b a t e d  in a d a r k  the r -  
m o s t a t  a t  26 ~ for 96 h.  T h e n  t he  g e r m i n a t i o n  c a p a c i t y  was  de t e rmined .  E a c h  v a r i a n t  cor- 
r e s p o n d e d  w i t h  100 to 150 seeds  a n d  th ree  rep t ica t ions  were used .  

(b) Af t e r  12 h o f  soak ing  in wa te r  t he  pea  seeds  were p laced  in to  d a m p  s a w d u s t  a n d  i n c u b a t e d  
in  a d a r k  t h e r m o s t a t  a t  20 ~ for four  days .  The rea f t e r  t he  g e r m i n a t i n g  p l an t s  were w a s h e d  w i th  
wa te r ,  dep r ived  of  tes tao,  decap i t a t ed ,  a n d  e s t ab l i shed  as  a wa te r  cu l tu re  w i t h o u t  m i n e r a l  
n u t r i t i o n .  Three  d a y s  la te r  a u x i n  pa s t e  was  appl ied  on to  t he  epieotyl  s t u m p  (0.5 per  c en t  I A A  - -  
l ano l ine  ~ ws.ter 1 : 1), in one h a l f  o f  t h e  p l a n t s  the  e thre l  pas t e  (0.5 per  c en t  C E P A  - -  lane-  
l ine ~- wa te r  1 : 1) was  appl ied  on  one co ty ledon .  The  p l an t s  were k e p t  in  d a r k n e s s  a t  20~  
(relat ive h u m i d i t y  75 2~: 5 per  cent)  a n d  t he  e v a l u a t i o n  was car r ied  ou t  a f t e r  five days .  :Each 
t r e a t m e n t  cons i s t ed  of  50 p lan t s .  T he  e x p e r i m e n t  was  repl ica ted  four  t imes .  

(e) Af t e r  12 h of  soak ing  in wa t e r  pea  seeds  were left  to g e r m i n a t e  in the  s a w d u s t  a n d  30 r am 
long  epicoty ls  were t r e a t ed  accord ing  to WENT (cf. MITC~aELL a n d  LIVI~GSTO~ 1968). 

B e a n  (Phaseolus coccineus L.) 

B e a n  seeds  were g e r m i n a t e d  s imi la r ly  as t hose  o f  pea;  t he  on ly  difference was t h a t  all t h e  seeds  
were left  in  t h e  s a w d u s t  till t h e  end  o f  t h e  expe r imen t .  E th r e l  was  app l i ed  on to  ep ieoty ls  o f  
e t io la ted ,  two-days -o ld  p l an t s  in  t he  fo rm  of  lanol ine  pas te .  

P o t a t o  (Solarium tuberosum L.) cv. Jiskra 

P o t a t o  t u b e r s  o f  a uniforrc, size (a l toge ther  5 to 6 kg) were soaked  for 5 rain in ethre] ,  aux in ,  
a n d  m i x e d  so lu t ions  on  F e b r u a r y  13, 1973 (i.e. in  t he  pe r iod  when  e n d o g e n o u s  d o r m a n c y  is 
f inishing) .  The  t r e a t ed  m a t e r i a l  was  p laced  in to  a l u m i n i u m  boxes  a n d  i n c u b a t e d  in  a d a r k  
t h e r m o s t a t i z e d  room  (26 ~ re la t ive  h u m i d i t y  75 :~ 5 per  cent) .  The  g rowing  b u d s  were c o u n t e d  
a f te r  14 days .  

F l a x  (Linum usitatissimum L.) cv. R e i n a  

I n  th i s  case a m e t h o d  descr ibed b y  DOSTs (1968) was  used:  

S e g m e n t s  (25 m m  below t he  co ty l edons  depr ived  o f  apexes  a n d  in some  cases  also o f  one 
co ty ledon)  were ob t a i ned  f rom 10-day-o ld  p l a n t s  g rown  u n d e r  f luorescent  l amps ,  p laced  in to  
po ly s ty r ene  boxes ,  a n d  t r ans fe r red  in wa te r  u n d e r  f luorescent  l a m p s  (3 000 lx). 

The  g r o w t h  regu la to r s  were app l ied  on to  co ty l edons  in t he  fo rm of  lanol ine  p a s t e  or  aga r  
b locks ;  in cont ro ls  wa te r  lanol ine  pa s t e  a n d  aga r  blocks  (1 per  cen t  agar ,  3 • 3 • 3 ram)  were used .  
Since t he  app l i ca t ion  of  r egu la to r s  t he  m a t e r i a l  h a d  been  obse rved  c o n t i n u o u s l y  a n d  e v a l u a t i o n  
were m a d e  af te r  24 a n d  .~,8 h. 
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Fig. 2. The  effect o f  aux in ,  e threl  (CEPA) a n d  
the]r  m i x t u r e s  on g rowt h  o f  p o t a t o  buds .  
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Results and Discussion 

In pea the exogenous auxin (IAA) induced inhibition of growth processes 
may be reversed by  exogenously applied gibberellin ( S E B A I T E K  1972), syn- 
thetic cytokinin (SAc~s and THIMX~N 1964, 1967), native cytokinin (SANK~LA 
and SANKHLA 1968), and also ethrel (SANKHLA and SANKHLA 1972). The 
results obtained in this s tudy  with va- 
rious materials, differing considerably 
from the genetieal point of view, sug- 
gest that  ethrel is able to reverse the 
auxin (IAA) induced growth inhibition. 

IYER et al. 1970; OBHLIDALOVA and 
HRADIL~K 1973 observed that  ethrel 
reversed also the inhibition of seed ger- 
mination induced by native substances 
during dormancy. 

Both ethrel and higher doses of  
IAA inhibited the germination of pea 
(Fig. 1). However,  the auxin (IAA) in- 
duced the inhibition of germination of 
pea seeds and was markedly reversed 
by  the addition of ethrel (Fig. t -- 50 mg 
IAAI-1).  Part ial ly quanti tat ive rela- 
tionships may be observed, too. The 
5 000 mg 1-1 concentration of ethrel 
was too high and for tha t  reason it 
showed an inhibiting effect in mixtu- Fig.  3. The  decreased  effect o f  a u x i a  on the  
res with auxin (IAA; 0.1 and 1.0 mg c u r v a t u r e  of  pea epicoty ls  by  ethrel .  0: con- 

trol;  l :  0.1 m g l  1 IAA;  2: ll) m g l  1 C E P A ;  
1-1) a s  t h e  inhibiting e f f e c t  o f  e t h r e l  3: 0.! rag 1 -I  I A A  --  l0  m g  ] 1 C E P A ;  4: 
prevailed. 1 m g  I A A  § l0 m g  l -~ CEPA.  
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The effect of ethrel was manifested at a concentration of 50 mg 1-1 IAA in 
the form of a decreased auxin inhibition. The most marked reversal of this 
auxin induced inhibition occurred after the application of ethrel solution 
in the concentration of 500 mg 1-1 (Fig. 1). 

Fig. 4. A Scheme of the effect of cthrcl (CEPA 5 000 mg 1-1) on growth of bean seedlings. 
A - -  bean seedlings at the time of application; B - -  plants treated with a water paste; C - -  plants 
treated with a CEPA paste (20 per cent); photograph - -  idem (scale in cm). 
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Fig. 5. The schematic presentation of results of an 
experiment with decapitated and root-deprived flax 
plants (left)and with the same plants deprived also 
on cotyledon (right). Regulators were applied onto 

In the experiment with potato 
tubers [see Material and Methods 
sub. (b)] ethrel markedly rever- 
sed the inhibiting effect of auxin 
on the growth of buds in that  
variety which was not dormant  

i (Fig. 2); however, ethrel alone 
decreased the number of growing 
buds in this variety and in this 
period (February 13), i.e. it sho- 
wed an inhibiting effect. When 
applied on deeply dormant  tubers 
of the same variety (i.e. approxi- 
mately two months earlier) ethrel 
increased the number of growing 
buds and, therefore, showed a 
stimulating effect ( H R A D I L I K  
1973a). 

Similarly, in the experiment 
the cotyledon, with splitted pea epicotyls [see 

Material and Methods sub. (c)] 
a quanti tat ive relationship may be observed in the reaction in which ethrel 
reversed, in dependence on its concentration, partly or completely the 
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effect of IAA on the curvature of 
splitted pea epicotyls (Fig. 3). 

In our earlier studies (HRADIL~K 
1972, 1973) the stimulating effect 
of ethrel on cotylar growth of in- 
tact pea plants was described. In 
this study the aforementioned effect 
was demonstrated in beans, too  
(Fig. 4). 

Fig. 6. The reversal of auxin (0.5 per cent 
IAA) inhibited growth of pea cotylars by 
CEPA. W - -  lanolme paste without regula- 
tors, 
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This disturbance of the apical dominance probably resulted from the 
increased content of native auxin after the ethrel treatment. 

The curvature of the hypocotyl plant stump provided information con- 
sistent with data obtained in experiments with aforementioned objects. 
Auxin, both native and synthetic (IAA) applied exogenously on cotyledons, 
induced the growth of the hypocotyl stump in the direction of the treated 
cotyledon (DoSTXL 1968). This curvature was reduced or reversed in de- 
pendence on the ethrel concentration. Ethrel alone, applied onto the cotyle- 
don, induced the curvature of the hypocotyl below this treated cotyledon. 
In decapitated flax plants, with one removed cotyledon, the hypocotyl stump 
bended away from the cotyledon. This curvature (induced by substances 
produced in the remaining cotyledon) was further amplified by the exogenous 
IAA (DosTXL 1968); however, through the effect of ethrel on the cotyledon 
a reversal of the bending occurred and the hypocotyl stump bended below 
the cotyledon. (Fig. 5). 

The presumption that  the biosynthesis of gibberellins and cytokinins could 
be induced by ethrel controverts results describing the antagonistic relation- 
ship between ethrel on the one hand and gibberellin and cytokinin on the 
other (SANKHLA and SHUKLA 1970; HRADIL~K 1972a, HRADILIK 1974). To 
explain the causes of lateral bud growth in beans it is possible to start from 
the hypothesis of a "direct inhibition" according to which the growth of 
these lateral buds is inhibited by a high level of native auxin transported 
from the epicotyl apex. This coincides with the fact that also synthetic auxin 
(IAA) applied on the epicotyl stump of a decapitated pea plant e.g. in the 
form of a 0.5 per cen paste inhibits completely the growth of cotylars (THI- 
MA~N and SKOOG 1933, 1934). On the other hand a relief of lateral buds from 
the correlative auxin inhibition occurs even on an intact plant after the 
application of ethrel (HRADILIK 1972, 1973; see Fig. 4). 

Ethrel applied in the form of a 0.25 per cent paste on one of both coty- 
ledons broke in 20 per cent of cases the auxin induced inhibition resulting 
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from the application of a 0.5 per cent IAA paste on the epicotyl s tump of 
decapitated etiolated pea plants, too (Fig. 6). 

In  this experiment, as well as in all the above discussed cases, the con- 
centration of ethrel is of a great  importance. A high concentration of ethrel 
(0.5 per cent) st imulated the growth of cotylar in the axilla of t reated coty- 
ledon in 5 per cent of plants; in 10 per cent of plants this concentration 
st imulated the growth of cotylar in the axilla of untreated cotyledon, 
probably as a result of the induced action of ethrel on this cotylar. 

Ethrel  applied in the form of a 0.25 per cent paste on cotyledons of de- 
capitated, inhibited (by 0.5 per cent IAA) pea plants reversed this auxin 
induced inhibition of cotylar growth in 20 per cent of t reated plants while 
ethrel, applied on one cotyledon of decapitated pea plants, induced the 
growth of cotylars si tuated in axillas of t reated cotyledon in all cases (HRA- 
DILIK 1972, 1973). The lowest of all the concentrations used, a 0.09 per cent 
paste, was not  able to reverse the auxin induced inhibition and to st imulate 
the cotylar growth (Fig. 6). 

Conclusions 

Considering results presented in this paper and comparing with da ta  of 
aforementioned authors, it is possible to draw the following conclusions about  
the relationship between auxin (IAA) and ethrel: 

When stimulating the growth ethrel reverses the  inhibitions through the 
decrease in the auxin content  (from an inhibiting supraopt imum level to an 
opt imum one which already stimulates the growth). In  objects with a low 
content  of endogenous auxin the ethrel induced decrease in the auxin content  
shows an inhibiting effect on the growth, e.g. after the application of ethrel 
on cotyledons of decapitated pea plants where this substance inhibits the 
growth of eotylars in axillas of t reated cotyledons (I-IRADILiK 1972, 1973). 
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objektf i  p H d a v k e m  e thre lu ,  p~iSem~ v ~ ' z n a m n o u  roii zde h ra j e  k o n c e n t r a c e  pou~ivan:~ch rds to-  
v ~ e h  reguls Tak~ rf ls tov~ reakce  5~sti h y p o k o t y l u  l nu  i n d u k o v a n ~  e n d o g e n n l m  a u x i n e m  
p r o d u k o v a n : ~ n  d~lohou b y l a  e t h r e l em zru~ena.  Apl ikace  e th re lu  n a  v rcho lek  ep iko ty lu  fazolu  
v e d l a  ke  ztr~t~ ap ikg ln i  d o m i n a n c e  ep iko ty lu  a r f i s tu  p o s t r a n n l c h  pupenf l  za  souSasn6 ex i s t ence  
ep iko ty lu .  

T a m ,  kdc  e threl  v y k a z u j e  s t imu laSn l  flSinek n a  rflst ,  ruw inhibice  t ire,  ~e sni~uje obsah  a u x i n u  
z inhibiSnl  s u p r a o p t i m h l n i  h l a d i n y  n a  h l a d i n u  op t imhln l ,  k t e rh  ji~ podn~cu je  rfist.  ~Y objektfi ,  
k te r6  obsahu j l  mh lo  e n d o g c n n l h o  a u x i n u  pfisobl  sni~enl o b s a h u  n a t i v n i h o  a u x i n u  n a  rSs t  in-  
hibiSn~. 


