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Abstraet. Auxins (NAA, IAA) inhibited the seed germination of lettuce cv. Cabbage. The auxin- 
-induced inhibition of seed germination could be overcome if 2-chlorethanephosphonic acid 
(CEPA, ethrel) or kinetin was added simultaneously. Thus ethylene can also modulate the action 
of endogenous inhibitors in seed germination. 

E th r e l  (2 -ch lo roe thanephosphon ic  acid) cause~ effects s imi lar  to  e thylene ,  
and  a p p a r e n t l y  b r eaks  down  in p l a n t  t issues rei~asing e thy lene  to  a si te o f  
a c t i o n ( E t h r e l  - -  Techn ica l  D a t a  Shee t  1969, PRXTT a n d  GOESCH.I, 1969). 
E t h y l e n e  is now wel l -known as an  endogenous  b io - r egu lan t  which  ac t i ve ly  
affects  a l m o s t  all phases  of  p l a n t  g r o w t h  and  d e v e l o p m e n t  including seed 
g e r m i n a t i o n  {PRATT a n d  GOESCH~L 1969~ A_BELES a n d  LO~SKI 1969). L ike  
k ine t in  (EvE~ARI 1965), e thy lene  also p r o m o t e s  le t tuce  seed g e r m i n a t i o n  
(AB~LES and  LO~SKI 1969, D. SA~K~LA a n d  N. SA~K~LA 1972). On the  o the r  
hand ,  a u x i n  has  been  shown  to  be  a p o t e n t  inh ib i to r  o f  seed g e r m i n a t i o n  in 
severa l  s t ra ins  of  l e t tuce  (EvE~ARI a n d  MAYER 1954, KHAN and  TO~BERT 
1966, D. SA~KHLA a n d  N. SA~KHLA 1908). 

Since e thre l  mimics  e thy l ene  ac t ion  a n d  is k n o w n  to  s t imu la t e  s t rong ly  
seed g e r m i n a t i o n  in l e t tuce  cv. C abbage  (D. SA~KHLA a n d  N. SA~K~LA 1972) 
a n d  since e thy lene  a n d  aux ins  are i n t e r r e l a t ed  in the i r  ac t ion  (MORGAN and  
GAUSMAN 1966), i t  was  d e e m e d  of  in te res t  to  c a r r y  ou t  e x p e r i m e n t s  on e thy -  
l ene -aux in  in te rac t ion .  The  resul ts  of  th is  inves t iga t ion  are p r e s e n t e d  here-  
under .  

M e t h o d s  

The seeds o~ Lactuca ~ativa cv. Cabbage served as experimental material. They were allowed 
to germinate at about 30 ~ on a single layer of filter paper in 9 cm petri-dishes (100 seeds each) 
moistened with 5 ml of the test solution. During the experimental period, the seeds received 
illumination from throe fluorescent lamps (Philips, 40 W) hanging at a distance of about a metre. 
Ethrel (2-chloroetb_anephosphonic acid, ACP-68-250) containing propylene glycol as a carrier 
base was obtained as a gift from M/s Agromore (India) Ltd. 

Abbreviation8 u~ed: CEPA, 2-chloroethanephosphonic acid; IAA, indole.3-acetio acid; NAA, 
phthalene.acetic acid; K, kinetin. 
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Results and Discussion 

As observed earlier for lettuce cv. Attrakt ion and Hohlb~tteriger Bu t te r  
( D .  SAI~KI-ILA and N. SANKI=ILA 1968) as well as lettuce cv. Grand Rapids 
(EvENARI and MAYER 1954, KHA~ and TOLBERT 1966), auxin proved to be 
a potent  inhibitor of seed germination for lettuce cv. Cabbage (Table 1). In  
the present investigation both NAA as well as IAA retarded germination 
if used at a concentration higher than ]0 ppm. This was accompanied by  
a simultaneous decrease in root and hypocotyl  elongation. The results further 
indicate tha t  both kinetin and CEPA greatly st imulated the rate of germi- 
nation as well as its final percentage in this lettuce variety. In other strains 
of lettuce too, the two growth regulators viz., ethylene and kinetin act as 
strong stimulators of seed germination. Furthermore,  kinetin can also effecti- 
vely undo the inhibition of seed germination caused by  several natural ly 
occurring as well as synthetic growth inhAbiters (KHA~ and TOLBERT 1966, 
N. SANKHLA and D. SAI~KttLA 1967, 1968a, b, K~YPL 1967). In the present 
investigation, it has been observed that  not only kinetin bu t  CEPA as well 
is able to reverse the inhibition of seed germination caused by  auxin 
(Table 2). Our other results have indicated tha t  CEPA (ethylene) can also 
negate the inhibition of seed germination caused by  abscisie acid (D. SA~K- 
~_LA and N. SANKHLA 1972). 

TABLE 1 

EFFECT OF AUXINS. KINETIN AND 

ev. "Cabbage" 
ET~EL on g e r m i n a t i o n  a m d  seedl ing  g r o w t h  o f  l e t t u c e  

*Seedling g r o w t h  
Concen t r a t i on  P e r c e n t a g e  g e r m i n a t i o n  a f te r  a f t e r  4 days  

[pprn]  [ m m ]  

24 h 36 h 48 h 60 h 72 h R o o t  H y p o c o t y l  

,Control 
I A A 1 0  
I A A  50 
:NAA 10 
N A A  50 
C E P A  60 
C E P A  ,120 
C E P A  240 
K 1  
K 10 

7 •  20=f=2 3 5 i 4  4 2 •  5 2 4 - 4  
- -  - -  2 5  4 -  3 3 0 •  2 3 0 •  

- -  - -  - -  1 5  =h 2 1 8  • 2 

- -  --  2 4 - 1  18 : j=2  28 : j=2  
. . . .  4=i=2 1 1 4 - 3  

17 4- 3 4 6 4 - 4  62 4- 4 6 4 4 - 4  7 2 •  
2 5 •  51 -4- 3 8 0 i 2  82 • 5 9 2 •  
19 4- 3 39 -4- 3 53 -4- 5 57 • 3 64 -4- 4 
1 6 •  4 9 •  5 8 : : h 5  7 9 •  3 8 5 ~  3 
17 -4- 2 60 -4- 2 68 4- 2 92 fl= 4 95 _-h 3 

25 
2 
2 
1 
0.5 

18 
13 
12 
29 
25 

14 
1 

0.5 

8 
10 

8 
12 
12 

* Ave rage  of  t e n  seedlings.  

The mechanism of the action of ethylene in seed germination is not  fully 
known. According to ABELES and Lo~sxI  (1969), the action of ethylene is 
limited only to the initial steps in the seed germination. Since ethylene is 
known to affect enzyme secretion (Jo~Es 1967) as well as cell enlargement 
and differentiation tPRATT and GOESCHr, 1969) -- processes vital for germi- 
nation to occur, it might possibly affect germination by  initiating any one 
or more of these physiological processes. The very fact tha t  CEPA can negate 
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TABLE 2 

I~EVERSAL OF AUXIN-INDUCED INHIBITION of seed g e r m i n a t i o n  b y  e thre l  a n d  k ine t in  
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Seedling g r o w t h  
* P e r c e n t a g e  gerlninat~on af te r  a f te r  4 d a y s  Concen t r a t i on  

[ppln]  rnm] 

24 h 36 h 48 h 60 h 72 h R o o t  H y p o c o t y l  

I A A  10 + 
+ C E P A  60 

I A A  10 + 
+ C E P A  120 

N A A  50 + 
+ C E P A  120 

I A A  10 + K 1 
N A A  50 + K 10 

- -  23 4 - 2  5 6 •  61 5=5  6 6 •  5 

- -  11 • 5 52 • 4 69 • 2 75 ~ 3 

1 10 •  30~= 4 4 6 ~ 4  61 : j=4  
3 •  3 7 •  4 5 •  5 8 •  5 9 •  

1 3 •  5 6 •  66 • 4 7 2 •  3 74:J_4 

8 

4 

1 
22 

1 

2 �9 

1 

1 
10 

1 

* P e r c e n t a g e  g e r m i n a t i o n  in con t ro l  as in Table  1. 

the inhibition of seed germination caused by  both auxin as well as abscisic 
acid (D. SANK~LA and N. S2k~KHLA 1972) would indicate tha t  this antagonism 
is not a specific one. More experiments are necessary to elucidate the exact~ 
nature of the mechanism involved. However,  this is a further example 
supporting the contention that  plant growth and development is a functioI~ 
of the endogenous levels of bio-regulants and their interactions. 

References 

ABELES, F. B., LONSKI, J . :  S t i mu l a t i on  of  l e t tuce  seed g e r m i n a t i o n  b y  e thy lene .  --  P l a n t  P h y s i o l .  
44 : 277- -280 ,  1969. 
E th re l :  Techn ica l  D a t a  Sheet .  --  A m c h e m  Inc . ,  1969. 
EVENAI~I, !V[.: L i g h t  a n d  seed d o r m a n c y .  --  I n :  W.  RURLA~D, ed.:  t t a n d b u c h  der  P f lanzen-  

physiologic .  Vol. 1512, Pp .  804- -847 .  Spr inger  Verlag,  Ber l in  1965. 
EVENAI~I, M., MAYER, A. M. : T he  effect of  a u x i n  on t he  g e r m i n a t i o n  of  l e t tuce  seeds. - -  Bull .  Res .  

Coune.  I s rae l  4 : 81, 1954. 
JONES, 1~. L.:  E t h y l e n e  e n h a n c e d  release of  s - a m y l a s e  f rom ba r l ey  a leurone  layers .  --  P l a n t  

Phys io l .  43 : 442- -444 ,  1967. 
KHAN, A. A.,  TOLBERT, N. E. :  I n h i b i t i o n  of  l e t tuce  seed g e r m i n a t i o n  a n d  roo t  e longa t ion  b y  
de r iva t ives  of  a u x i n  a n d  reversa l  b y  de r iva t ives  of  eycocel.  --  Phys io l .  P l an t .  19 : 81 - -86 ,  1966. 
KNYPL, J .  S.: Synergis t ic  inh ib i t ion  of  ka le  seed  g e r m i n a t i o n  b y  COulnarin a n d  (2-chlore thyl) -  
- t r i m e t h y l  a m m o n i u m  chloride,  a n d  i ts  reversa l  b y  k ine t in  a n d  gibberell ie acid.  --  P l a n t a  

72 : 292- -296 ,  1967. 
MORGAN, P.  W. ,  GAUSMAN, H.  W . :  Effec ts  of  e t hy l ene  on  a u x i n  t r a n s p e r t .  - -  P l a n t  P h y s i o l .  

4 1 : 4 5 - - 5 2 ,  1966. 
PI~ATT, H.  K . ,  GOESC~L, G. D. :  Phys io log ica l  roles of  e t hy l ene  in p lan t s .  - -  Armu.  Rev .  P l a n t  

Phys io l .  20 : 541- -584 ,  1969. 
SANK~LA, D. ,  SANKHLA, N. :  R e v e r s a l  of  a u x i n  i nduced  inh ib i t ion  of  l e t tuce  seed g e r m i n a t i o n  

b y  zeat in .  --  F lo ra  159 : 128- -131 ,  1968. 
SANKHLA, D. ,  SANKHLA, N. :  L e t t u c e  seed ge rmi na t i on :  a n t a g o n i s m  be tween  abscisic acid a n d  

2 -ch lo roe thanephosphon ic  acid. - -  in press ,  1972. 
SANK]~L#-, l~., SANKHLA, D.:  M o r p h a c t i n - k i n e t i n  in t e rac t ion  in  l e t tuce  seed ge rmina t i on  a n d  

seedl ing growth .  --  P l a n t a  76 : 47 - -51 ,  1967. 
SANK~LA, N. ,  SANKlZLA, D. :  R e v e r s a l  o f  (~=)-abscisin I I  i nduced  inh ib i t ion  of  l e t tuce  seed germi-  

n a t i o n  a n d  seedl ing g r o w t h  b y  k ine t in .  - -  Phys io l .  P l an t .  21 : 190--  195, 1968a. 
SAN~HLA, N. ,  SANEHLA, D.:  I n t e r a c t i o n  b e t w e e n  g r o w t h  regu la to r s  a n d  (=h)-abscisin I I  in s e e d  

germina t ion .  - -  Z. P f lanzenphys io l .  58 : 402- -409 ,  1968b. 



324 N. SANKHLA, DAKSHA SANKHLA 

N. SANKHLA 8, DAKSHA SANKHLA, Botanick~ odd. Universi ty v Jodhpuru :  Kli~enI semen salAtu: 
interakee auxlnu a 2-ehlorethanfosfonov6 kysellny (ethrelu). -- t3iol. Plant ,  14 : 321 --324, 1972. 

Auxiny (NAA, IAA) inhibovaly kli6enl semen sal~tu cv. Cabbage. Inhibice kli~ent semen 
indukovan~ auxiny mS~,e b~ t  anulov~na souSasnou aplikaei 2-ehlorethanfosfonov6 kyseliny 
(CEPA, ethrel) nebo kinetinu. E thy len  tak  mfl~e t6~ pozm~nit pSsobeni endogennieh inhibi tord 
pi~i kll~ent semen. 


