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VOORWOORD 

Een p r o e f s c h r i f t  en de openbare v e r d e d i g i n g  daarvan z i j n  t r a d i t i e g e t r o u w  de 

b e k r o n i n g  van  h e t  w e r k  van  een promovendus.  H e t  v o o r w o o r d  i s  de g e ë i g e n d e  

p l a a t s  om d u i d e l i j k  t e  maken d a t  d i t  m o g e l i j k  gemaakt werd door  de h u l p  van 

mensen d i e  v e e l a l  a c h t e r  de schermen b l i j v e n .  

S t u d e n t e n  en s t a g i a i r e s  hebben  i e d e r  op hun  e i g e n  w i j z e  een  b e l a n g r i j k e  

b i j d r a g e  g e l e v e r d  aan d i t  p r o e f s c h r i f t .  Van de i n  t o t a a l  1.500.000 slazaden, 
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C e l i a  d e  Haan, B e r t  H o u t e r ,  S i e p  Kon ing ,  L e o  M a r c e l i s  en  R a c h e l  M i e z g i e l  

w e r k t e n  aan de w a t e r h u i s h o u d i n g  van  de zaden. Hun t i j d r o v e n d e ,  t h e o r e t i s c h  

m o e i l i j k e  p i o n i e r s w e r k  was n o d i g  om u i t e i n d e l i j k  h o o f d s t u k  7 t e  kunnen  

s c h r i j v e n .  Het werk van Mar ian  van Kesse l  en T h i j s  Veldhuizen aan h e t  e f f e c t  

van voorbehandel ing op v e r s c h i l l e n d e  s l a r a s s e n  i s  een onderdeel  van hoo fds tuk  

3. H a r o l d  Beek h e e f t  met z i j n  begassingsexper imenten en ademhal ingsmet ingen 

een b i j d r a g e  g e l e v e r d  aan  h o o f d s t u k  2. De g r o t e  s n e l h e i d  van  t e l l e n  van  Rob 

Plomp kwam goed van pas voor  de bewaarexperimenten beschreven i n  hoo fds tuk  4. 

Hulp b i j  h e t  u i t v o e r e n  van chemische analyses heb i k  gekregen van met name 

Henk H i l h o r s t ,  E l l y  Koot-Gronsveld en I r m a  Temminck. I r m a  voerde op nauwgezet- 

t e  w i j z e  v r i j w e l  a l l e  ka l iumgeha l tebepa l ingen  u i t  voor  hoo fds tuk  5. Hoofdstuk 

6 zou n i e t  geschreven z i j n  zonder de z o r g v u l d i g e  a c t i v i t e i t s b e p a l i n g e n  van h e t  

enzym g l u t a m i n e  syn the tase  door E l l y  m.b.v. een methode, opgezet door Henk. Na 

l a n g  zoeken  was h e t  een h e l e  o p l u c h t i n g  d a t  W i m  R o e l o f s e n  van  de  Vakgroep  

M i c r o b i o l o g i e  de b i jbehorende  aminozuuranalyses zo goed b leek  t e  kunnen u i t -  

voeren. 

Technische onders teun ing  heb i k  gekregen van met name Ruth van der  Laan en 

Ben van der  Swaluw. Z i j  v e r r i c h t t e n  a l l e r l e i  r e p a r a t i e s ,  maar bouwden ook de 

droogbak naar  een on twerp  d a t  samen met Dr. E r i k  Knegt t o t  s tand  gekomen i s .  

D a n k z i j  h e t  e l e k t r o n i s c h e  k n u t s e l w e r k  van Rienk Bouma van de Vakgroep P lan ten-  

f y s i o l o g i s c h  Onderzoek werd de psychrometer  van de Vakgroep Tuinbouw zo aan- 

gepast d a t  de w a t e r p o t e n t i a a l  en de osmot ische p o t e n t i a a l  van s lazaden gemeten 

konden  worden. G e r r i t  v a n  G e e r e n s t e i n ,  A a r t  van  Ommeren en  J a n  V e r b u r g  v e r -  

z o r g d e n  h e t  p l a n t m a t e r i a a l  v o o r  de v e l d p r o e v e n .  S i e p  M a s s a l t  v e r z o r g d e  de 
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hoofdzaken van b i j z a k e n  t e  o n d e r s c h e i d e n  waren e s s e n t i e e l  b i j  d e  i n t e r p r e t a t i e  

v a n  d e  r e s u l t a t e n .  De b e s t e  h e r i n n e r i n g e n  b e w a a r  i k  e c h t e r  a a n  j o u w  f r a a i e  
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ABSTRACT 

Low maximum t e m p e r a t u r e  o f  g e r m i n a t i o n  r e s t r i c t s  t h e  c u l t i v a t i o n  o f  a  

number of  l e t t u c e  c u l t i v a r s  t o  t e m p e r a t e  c o n d i t i o n s .  P r e t r e a t m e n t s  have  been 

s t u d i e d  t h a t  i n c r e a s e  t h e  maximum g e r m i n a t i o n  t e m p e r a t u r e ,  which is c h a r a c t e r -  

i z e d  by t h e  t e m p e r a t u r e  f o r  50% g e r m i n a t i o n  (T50). P r e t r e a t m e n t  c o n s i s t s  o f  

p r e - i n c u b a t i o n ,  r e d e s i c c a t i o n  and s t o r a g e .  P re - incuba t ion  d u r i n g  1 6  t o  20 h  a t  

1 5  "C i n  w a t e r  i n c r e a s e s  T5,3 w i t h  4 t o  1 0  "C, d e p e n d i n g  o n  c u l t i v a r .  Re- 

d e s i c c a t i o n  d o e s  n o t  c a u s e  v i s i b l e  d a m a g e  t o  s e e d s ,  a s  j u d g e d  f r o m  t h e  d e -  

v e l o p i n g  s e e d l i n g ,  p r o v i d e d  t h a t  g e r m i n a t i o n  h e s  n o t  s t a r t e d  d u r i n g  p r e -  

i n c u b a t i o n .  I n  c u l t i v a r s  w i t h  a  h i g h  o r i g i n a l  T50 r e d e s i c c a t i o n  d o e s  n o t  

a f f e c t  T50. However, i f  t h e  o r i g i n a l  T50 is low,  r e d e s i c c a t i o n  c a u s e s  a  d r o p  

of T50 t o  v a l u e s  c l o s e  t o  t h e  o r i g i n a l  T50 va lue .  The e f f e c t  o f  r e d e s i c c a t i o n  

is main ly  d e t e r m i n e d  by t h e  f i n a l  m o i s t u r e  c o n t e n t .  Tempera tu re  and r a t e  o f  

d r y i n g  a r e  of  minor  importante i n  t h i s  r e s p e c t .  P r e - i n c u b a t i o n  i n  s o l u t i o n s  of  

p o l y e t h y l e n e  g l y c o l  makes t h e  s e e d s  d e s i c c a t i o n  t o l e r a n t .  Dehydra t ion  r e s u l t s  

i n  i n c r e a s e d  K +  l e a k a g e  f r o m  i s o l a t e d  e m b r y o s ,  i n  c o n t r a s t  t o  i n t a c t  s e e d s  

t h a t  do n o t  l e a k  due t o  K+-impermeable endosperm c e l l s .  T50 d e c r e a s e s  d u r i n g  

s t o r a g e .  The d e c r e a s e  o f  T50 a n d  t h e  l o s s  o f  s e e d  v i a b i l i t y  show a  s i m i l a r  

p o s i t i v e  r e l a t i o n s h i p  t o  t e m p e r a t u r e  a n d  m o i s t u r e  c o n t e n t  d u r i n g  s t o r a g e .  

B e s i d e s  t h e  r i s e  of T507 p r e - i n c u b a t i o n  a t  1 5  "C a l s 0  enhances  t h e  c a p a c i t y  of  

s e e d s  t o  g e r m i n a t e  a t  i n c r e a s i n g l y  m o r e  n e g a t i v e  o s m o t i c  p o t e n t i a l s  o f  t h e  

i n c u b a t i o n  medium (J,,, ). The e f f e c t  is c h a r a c t e r i z e d  by t h e  minima1 J ,  of  
n  e  

t h e  i n c u b a t i o n  medium f o r  50% g e r m i n a t i o n  (J ,50) .  P r e - i n c u b a t i o n  a t  30 "C h a s  

a n  o p p o s i t e  e f f e c t .  The c h a n g e  o f  J,50 d o e s  n o t  c o r r e s p o n d  w i t h  a  c h a n g e  i n  

c o n c e n t r a t i o n  o f  a m i n o  n i t r o g e n  compounds .  Both a c t u a l  w a t e r  p o t e n t i a l  ( J , )  

and o s m o t i c  p o t e n t i a l  ), a s  d e t e r m i n e d  w i t h  a  psychromete r ,  a r e  n o t  c o r -  

r e l a t e d  w i t h  changing $50 va lues .  C a l c u l a t i o n s  based  on t h e  g e n e r a 1  e q u a t i o n  

o f  h y d r a u l i c  c e l 1  g r o w t h  i n d i c a t e  t h e t  c h a n g e s  i n  T50 a r e  c o r r e l a t e d  w i t h  

p a r a l l e l  c h a n g e s  i n  t h e  y i e l d  t h r e s h o l d  (Y) o f  t u r g o r  p r e s s u r e .  C h a n g e s  i n  Y 
a p p e a r  t o  o c c u r  mainly  i n  t h e  s e e d  envelope.  



CHAPTER 1 

ALGEMENE INLEIDING 



Het d o e l  van e e n  voorbehande l ing  

De moderne land-  e n  tu inbouw s t e l l e n  s t e e d s  h o g e r e  e i s e n  aan  d e  k i emings -  

e i g e n s c h a p p e n  v a n  z a d e n .  I n  h e t  m e e s t  i d e a l e  g e v a l  z o u d e n  a l l e  z a d e n  m o e t e n  

kiemen met een  g r o t e  s n e l h e i d  e n  g r o t e  u n i f o r m i t e i t  en  zou k i e m i n g  o v e r  e e n  

b reed  t r a j e c t  van mil ieu-omstandigheden p l a a t s  moeten vinden. D i t  i d e a a l  is 

e c h t e r  nog s l e c h t s  i n  e n k e l e  gewassen ook w e r k e l i j k  b e r e i k t .  Het word t  daarom 

van b e l a n g  om t e  weten door  we lke  p r o c e s s e n  d e  k i emingse igenschappen  van zaden 

b e p a a l d  worden. Er is  o n g e t w i j f e l d  s p r a k e  van een  g e n e t i s c h e  component.  Secun- 

d a i r e  f a c t o r e n  z o a l s  d e  m i l i e u - o m s t a n d i g h e d e n  t i j d e n s  d e  o n t w i k k e l i n g ,  d e  

k w a l i t e i t  van d e  s c h o n i n g  e n  d e  c o n d i t i e s  t i j d e n s  d e  bewar ing  s p e l e n  - e c h t e r  

o&- e e n  g r o t e  r o l .  O m  h e t  i d e a a l  z o v e e l  m o g e l i j k  t e  b e n a d e r e n ,  w o r d t  i n  

t o e n e m e n d e  m a t e  e e n  v o o r b e h a n d e l i n g  v a n  d e  z a d e n  i n  h e t  l a b o r a t o r i u m  t o e -  

gepas t .  Een voorbehande l ing  b e s t a a t  m e e s t a l  u i t  e e n  p e r i o d e  van p r e - i n c u b a t i e  

i n  w a t e r ,  i n  e e n  o p l o s s i n g  van k i e m i n g s s t i m u l e r e n d e  s t o f f e n  o f  een  osmot icum 

b i j  e e n  g e s c h i k t e  t e m p e r a t u u r ,  gevo lgd  door  t e r u g d r o g e n  t o t  h e t  oo r sp ronke-  

l i j k e  z a a d g e w i c h t .  S i n d s  H e y d e c k e r  e t  a l .  ( 1 9 7 3 )  w o r d t  d e  p r e - i n c u b a t i e  i n  

osmot icum t o e g e p a s t .  A l s  osmot icum word t  vaak g e b r u i k  gemaakt  van p o l y e t h y l e e n  

g l y c o l  (PEG) met een  molekuu lgewich t  van 6000 t o t  7500. Een o p l o s s i n g  van d e z e  

i n e r t e  s t o f  voorkomt z i c h t b a r e  k ieming.  Het vermogen van d e  PEG-oplossing om 

k i e m i n g  t e  voorkomen  h a n g t  a f  v a n  d e  o s m o t i s c h e  p o t e n t i a a l  (JiTe ), m e t  a l s  

e e n h e i d  MPa o f  b a r  ( 1  MPa = 1 0  b a r ) .  h e e f t  e e n  m a x i m a l e  w a a r d e  v a n  n u l .  
Te 

Een meer g e c o n c e n t r e e r d e  o p l o s s i n g  h e e f t  een n e g a t i e v e  Ji . Heydecker (1977) 
Te 

noemt a l s  v o o r b e e l d  h e t  e f f e c t  van p r e - i n c u b a t i e  van tomatezaden  i n  -0.5 MPa 

PEG b i j  20 " C  g e d u r e n d e  7  d a g e n  op  d e  s n e l h e i d  v a n  k i e m i n g  b i j  1 5  " C  ( 5 0 %  

k i e m i n g  n a  2 , 2  d a g e n  i.p.v. 7 ,6  d a g e n .  B r o c k l e h u r s t  & Dearman  ( 1 9 8 3 )  t o o n d e n  

aan  d a t  na p r e - i n c u b a t i e  van zaden van v e r s c h i l l e n d e  c u l t i v a r s  van w o r t e l  en  

s e l d e r i j  i n  -1.0 MPa PEG g e d u r e n d e  1 4  d a g e n  b i j  1 5  " C  e n  t e r u g d r o g e n  d e  

g e m i d d e l d e  t i j d s d u u r ,  t o t  h e t  b e g i n  v a n  d e  k i e m i n g  b i j  1 5  " C  t e r u g g e b r a c h t  

w e r d  v a n  r e s p .  5  e n  1 5  d a g e n  t o t  r e s p .  2 e n  4 d a g e n ,  w a a r b i j  t e v e n s  d e  u n i -  
f o r m i t e i t  v e r b e t e r d  b l e e k  t e  z i j n .  De t e e l t  van e e n  a a n t a l  landbouwgewassen is 

i n  A l b e r t a  n i e t  m o g e l i j k  d o o r  e e n  t e  k o r t  g r o e i s e i z ò e n .  B o d s w o r t h  & B e w l e y  

( 1 9 8 1 )  s l a a g d e n  e r  i n  om d e  s n e l h e i d  e n  d e  u n i f o r m i t e i t  v a n  k i e m i n g  v a n  

s o j a b o n e n ,  m a i s  e n  s o r g h u m  b i j  e e n  l a g e  t e m p e r a t u u r  van  1 0  "C t e  v e r b e t e r e n  

door  p r e - i n c u b a t i e  gedurende o p t i m a l e  t i j d s d u u r  (1-6 dagen)  i n  v a r i a b e l e  Ji 
T e 



van  PEG b i j  10  " C .  De m o g e l i j k h e d e n  v o o r  de t e e l t  van  deze  gewassen  i s  d o o r  

voorbehandel ing w e l i s w a a r  toegenomen, maar de g r o o t s c h a l i g e  v o o r b e h a n d e l i n g  

van landbouwzaden r o e p t  nog v e l e  p r a k t i s c h e  problemen op. 

B i j  s l a  l i j k t  op h e t  e e r s t e  g e z i c h t  een voorbehandel ing n a u w e l i j k s  nodig. 

Zaden van v e e l  c u l t i v a r s  kiemen voor 1005, s n e l  en un i fo rm.  Het  probleem d a t  

e c h t e r  t o c h  een voorbehandel ing n o o d z a k e l i j k  maakt, i s  de vaak l a g e  maximum- 

t e m p e r a t u u r  van  k i e m i n g .  D.W.Z. d a t  e r  b i j  s l a z a d e n  een k i e m r u s t p r o b l e e m  

b e s t a a t  ( z i e  a p a r t  kader). Zo b e r e i k t e n  Valdes e t  a l .  (1985) i n  C a l f o r n i ë  n i e t  

meer dan 20% k i e m i n g  b i j  bodemtemperaturen tussen 25 en 40 "C. Een v e r b e t e r i n g  

van de k i e m i n g  i s  van g r o o t  economisch belang, omdat i n  de wintermaanden i n  

d i e  omgeving 90% van de s l a  i n  de U.S.A. g e t e e l d  word t  en hoge bodemtempera- 

t u r e n  r e g e l m a t i g  voorkomen. Gray (1975) en Thompson e t  a l .  (1979) onderzochten 

de maximum-temperatuur voor 50% k i e m i n g  van een g r o o t  a a n t a l  c u l t i v a r s  van 

s l a .  Deze m e x i m u m t e m p e r a t u u r  v a r i e e r d e  t u s s e n  23 en 33 "C. D i t  l e v e r t  n i e t  

a l l e e n  problemen op b i j  de t e e l t  van s l a  i n  de v o l l e  grond i n  warmere s t reken ,  

maar ook b i j  de t e e l t  i n  kassen i n  Nederland. Het probleem word t  nog v e r s t e r k t  

doorda t  de slazaden, om mechanische z a a i  m o g e l i j k  t e  maken, v o o r z i e n  worden 

van een ronde o m h u l l i n g  (het  zgn. p i l l e r e n ) .  Het  i s  zeer goed v o o r s t e l b a a r  d a t  

door  zo'n e x t r a  l a a g  rondom h e t  zaad de k i e m i n g  nog verder  n e g a t i e f  b e ï n v l o e d  

wordt.  Ten e i n d e  t o c h  100% k i e m i n g  t e  bere iken,  hebben enke le  g e s p e c i a l i s e e r d e  

p lan tenkweekbedr i j ven  g r o t e  k l i m a a t r u i m t e n  l a t e n  bouwen w a a r i n  de z a a d p i l l e n  

na u i t z a a i  op p e r s p o t t e n  enke le  dagen voorgekiemd worden b i j  12 t o t  1 5  "C, a l -  

v o r e n s  v e r d e r e  kweek o n d e r  k a s c o n d i t i e s  p l a a t s v i n d t .  Deze r u i m t e -  en t i j d -  

v e r g e n d e  b e h a n d e l i n g  zou  voorkomen kunnen  worden  i n d i e n  de s l a z a d e n  r e e d s  

voorafgaande aan h e t  p i l l e r i n g s p r o c e s  afdoende voorbehandeld zouden worden i n  

de verede l ingsbedr i j ven .  D i t  s p r e e k t  des t e  meer omdat voork ieming  i n  k o e l -  

c e l l e n  n i e t  i n  a l l e  p lan tenkweekbedr i j ven  m o g e l i j k  i s  en zeker n i e t  toepasbaar 

i s  b i j  de t e e l t  i n  de v o l l e  grond. 

Voetnoot: I n  d i t  p r o e f s c h r i f t  wordt  gesproken over  slazaden, t e r w i j l  
d i t  s t r i k t  genomen n i e t  j u i s t  i s .  S la  vormt  n a m e l i j k ,  evenals  andere 
s o o r t e n  i n  de  f a m i l i e  A s t e r a c e a e ,  éénzadige droge v r u c h t j e s  (ache- 
nen). I n  a a n s l u i t i n g  met  de f y s i o l o g i s c h e  l i t e r a t u u r  w o r d t  e c h t e r  
t o c h  over  zaden gesproken. 



kiemrust  van s lazaden  

Er bestaat  vee l  verwarr ing over he t  begr ip  k iemrust  (dormancy). I n  d i t  

p r o e f s c h r i f t  wordt e r  vanu i t  gegaan dat  k iemrust  van zaden z i c h  a l t i j d  ver- 

t a a l t  i n  he t  tempera tuur t ra jec t  waarb i j  k ieming mogel i j k  i s  (Karssen 1982). 

Verbreken van r u s t  l e i d t  t o t  een verbreden van het  tempera tuur t ra jec t  en 

induceren van r u s t  t o t  een versmall ing. I n  s l a  concentreert  deze verande- 

r i n g  z i c h  met name i n  de maximumtemperatuur van kieming, de minimumtempera- 

t u u r  d i e  d i c h t  b i j  O " C  l i g t  i s  n i e t  s t e r k  aan v e r a n d e r i n g  onderhev ig .  De 

remming van de k i e m i n g  b i j  hoge tempera tu ren  komt, beha l ve  b i j  s l a ,  b i j  

veel  andere soorten voor d i e  afkomst ig z i j n  u i t  he t  Middellandse Zeegebied. 

D i t  kan beschouwd worden a l s  een aanpassing om de soo r t  i n  stand t e  houden, 

immers t i j d e n s  de droge, warme zomer z i j n  de omstandigheden voor  een 

s u c c e s v o l l e  g r o e i  en o n t w i k k e l i n g  o n g u n s t i g  (Thompson 1973). Het  i s  op- 

va l lend dat  he t  i n  c u l t u u r  nemen van s l a  aan deze temperatuurafhankel i jk-  

he id  van de kieming b l i j k b a a r  n i e t s  veranderd heeft. Reynolds & Thompson 

(1971) hebben de 'upper t empera tu re  c u t - o f f  p o i n t '  g e ï n t r o d u c e e r d  om de 

maximale temperatuur t e  karak ter iseren waarb i j  nog 50% k ieming moge l i j k  i s .  

I n  d i t  p r o e f s c h r i f t  wo rd t  deze tempera tuu r  aangeduid met T50. Voor de 

p r a k t i j k  i s  u i t e r a a r d  de tempera tuu r  w a a r b i j  nog 98-100% k i e m t  van h e t  

meeste belang. De tempera tuurkarak ter is t iek  van k ieming wordt vas tgeste ld  

door k i e m t e s t e n  u i t  t e  voeren b i j  een reeks  tempera tu ren  en de T50 doo r  

i n t e r p o l a t i e  vast  t e  s te l len .  U i t  deze curve i s  ook TlO0 en TO t e  schatten. 

Incubat ie  van slazaden b i j  een temperatuur hoger dan T g  maakt k ieming 

onmogeli jk ( thermo- inhib i t ion).  I nd ien  de tempera tuu rcu rve  w o r d t  bepaa ld  

nadat  de zaden en ige  t i j d  z i j n  ge ïncubeerd  b i j  T. b l i j k t  de c u r v e  d i e  de 

k i e m i n g  k a r a k t e r i s e e r t  naar l a g e r e  waarden t e  z i j n  verschoven. M.a.w. e r  

h e e f t  r u s t i n d u c t i e  p laa tsgevonden .D i t  werd i n  1954 voo r  h e t  e e r s t e  door 

Borthwick e t  al.  beschreven. I n  1928 constateerden Borthwick & Robbins a l  

da t  pre- incubat ie van slazaden b i j  lagere  temperaturen dan TlO0 r us tb rek ing  

t o t  gevolg heef t ,  d.w.z. een verschuiv ing van Tmax naar hogere temperatu- 

ren. Het b l i j k t  da t  veranderingen van h e t  rus tn iveau door w i j z i g i n g  van de 

pre- incubat ie omstandigheden weer t e n i e t  gedaan kunnen worden. I n  Fig. 1 

s taan  de z o j u i s t  beschreven ve rande r ingen  van h e t  r u s t n i v e a u  i n  schema 

weergegeven. 

1 Ook de verschuiv ing van de maximumtemperatuur kan onder n a t u u r l i j k e  om- 



s t a n d i g h e d e n  een o v e r l e v i n g s f u n c t i e  hebben. De hoge z o m e r t e m p e r a t u r e n  

drukken de Tmax, t e r w i j l  de l a g e r e  temperaturen van h e t  n a j a a r  h e t  tempera- 

t u u r t r a j e c t  verbreden, t o t  een o v e r l a p p i n g  met de a c t u e l e  ve ld tempera tuur  

k i e m i n g  m o g e l i j k  maakt. 

1001 -x, 
m........... 

T I T 1 T' Temperatuur, 'C 
100 50 O 

Fig. 1. S c h e m a t i s c h e  v o o r s t e l l i n g  van de i n v l o e d  van  p r e - i n c u b a t i e  
temperatuur  op de k i e m i n g  van s lazaden b i j  v e r s c h i l l e n d e  temperatu-  
ren. - k i e m i n g  zonder behandel ing, ... k i e m i n g  na r u s t b r e k i n g  door 
p r e - i n c u b a t i e  b i j  l a g e  temperaturen, --- k i e m i n g  na r u s t i n d u c t i e  door 
p r e - i n c u b a t i e  b i j  hoge temperaturen. 

De l i t e r a t u u r  b e v a t  s l e c h t s  e n k e l e  voorbee lden  van voorbehandel ingen van 

s l a z a d e n  met  a l s  d o e l  om de k i e m i n g  b i j  hoge t e m p e r a t u r e n  t e  v e r b e t e r e n .  

Guedes & C a n t l i f f e  (1980) incubeerden slazaden 3  t o t  12 uur  b i j  5  t o t  25 "C i n  

w a t e r  o f  i n  een o p l o s s i n g  van K3P04 o f  PEG. Na p r e - i n c u b a t i e  werden de zaden 

aan de l u c h t  o f  i n  een oven  b i j  32  "C gedroogd ,  waarna  ze t o t  4  maanden l a n g  

d r o o g  b e w a a r d  werden.  K r e t s c h m e r  (1982)  en  V a l d e s  e t  a l .  (1985)  p a s t e n  een 

d e r g e l i j k  s o o r t  v o o r b e h a n d e l i n g  t o e ,  i n  z o v e r r e  d a t  V a l d e s  e t  a l .  (1985)  de  

zaden  n a d e r h a n d  l i e t e n  p i l l e r e n .  I n  a l l e  g e v a l l e n  r a p p o r t e e r d e n  de o n d e r -  



zoeke r s  e e n  a a n z i e n l i j k e  ve rhog ing  van d e  maximumtemperatuur .  Zo konden Guedes 

& C a n t l i f f e  ( 1 9 8 0 )  d e  k i e m i n g  b i j  3 5  " C  v e r b e t e r e n  v a n  O n a a r  80%. v a l d e s  e t  

a l .  (1985)  b e r e i k t e n  o n d e r  d e  e e r d e r  genoemde  e x t r e m e  v e l d c o n d i t i e s  e n  n a  

p i l l e r i n g  e e n  v e r b e t e r i n g  van  2 0  t o t  7 0 %  e n  K r e t s c h m e r  ( 1 9 8 2 )  c o n s t a t e e r d e ,  

a f h a n k e l i j k  van d e  v e r s c h i l l e n d e  c u l t i v a r s  en  d e  bewaarduur  ( t o t  1 2  maanden 

b i j  1 5  "C), een  v e r b e t e r i n g  b i j  30 "C van 0-20% t o t  40-100%. 

De v o o r b e h a n d e l i n g  v a n  s l a z a d e n  l i j k t  i n  t o e n e m e n d e  m a t e  t e  w o r d e n  t o e -  

g e p a s t .  I n  d e  p r a k t i j k  b l i j k t  d a t  n i e t  s t e e d s  h e t  g e w e n s t e  e f f e c t  b e r e i k t  

w o r d t .  Bovengenoemde  o n d e r z o e k e r s  hadden  eveneens  met problemen t e  s t e l l e n .  

Deze waren onder  a n d e r e  t e r u g  t e  voe ren  op d e  g r o t e  v e r s c h i l l e n  t u s s e n  zaden  

van v e r s c h i l l e n d e  c u l t i v a r s .  Maar ook h e t  t e r u g d r o g e n  na p r e - i n c u b a t i e  l e i d d e  

t o t  m o e i l i j k h e d e n  d o o r d a t  een  g r o o t  d e e l  van d e  ve rhog ing  van d e  maximumtempe- 

r a t u u r  w e e r  v e r l o r e n  g i n g  ( G u e d e s  & C a n t l i f f e  1 9 8 0 ) .  De o n d e r z o e k e r s  r a p -  

p o r t e e r d e n  ook z e e r  v e r s c h i l l e n d e  r e a c t i e s  o p  b e l i c h t i n g  e n  e r  h e e r s t  o o k  

onzeke rhe id  o v e r  d e  mees t  g e s c h i k t e  c o n c e n t r a t i e  en  de  a a r d  van h e t  osmot icum.  

Er  is t e v e n s  o n d u i d e l i j k h e i d  o v e r  d e  v raag  o f  h e t  g e b r u i k  van g r o e i r e g u l a -  

t o r e n  t i j d e n s  d e  v o o r b e h a n d e l i n g  a a n  t e  r a d e n  is. Khan ( 1 9 7 7 )  t o o n d e  i n  z i j n  

o v e r z i c h t s a r t i k e l  aan  d a t  h e t  h e e l  goed m o g e l i j k  is om door  d e  t o e p a s s i n g  van 

de  g r o e i r e g u l a t o r e n  k i n e t i n e  e n  g i b b e r e l l i n e  (GA) t i j d e n s  d e  v o o r b e h a n d e l i n g  

d e  k i eming  van s l a z a d e n  f l i n k  t e  s t i m u l e r e n .  H i j  p a s t e  d e  r e g u l a t o r e n  t o e  d o o r  

de  zaden gedurende e n k e l e  u r e n  t e  i n c u b e r e n  i n  e e n  o p l o s s i n g  van d e  s t o f f e n  i n  

z u i v e r e  a c e t o n .  H e t  a c e t o n  w e r d  d a a r n a  weer v e r w i j d e r d  d o o r  d r o g e n  a a n  d e  

l u c h t .  

Behandel ing van s l a z a d e n  met g r o e i r e g u l a t o r e n  kan e c h t e r  met name gevaa r -  

l i j k  z i j n  v o o r  d e  k w a l i t e i t  v a n  d e  k i e m p l a n t e n ,  w a a r a a n  h o g e  e i s e n  g e s t e l d  

worden .  De f o t o ' s  i n  Khan (1977)  l a t e n  z i e n  d a t  u i t  G A  v o o r b e h a n d e l d e  z a d e n  

k i e m p l a n t e n  o n t s t a a n ,  d i e  o n n a t u u r l i j k  g e s t r e k t  w a r e n .  B o v e n d i e n  t o o n d e n  

Hegar ty  & Ross (1979) aan  d a t  d e  g r o e i  van de  s l a k i e m p l a n t  n e g a t i e f  b e ï n v l o e d  

werd door  g i b b e r e l l i n e  en  k i n e t i n e .  

De t o e p a s s i n g s p r o b l e m e n  v a n  d e  v o o r b e h a n d e l i n g  van s l a z a d e n  worden mede 

v e r o o r z a a k t  d o o r  h e t  ' t r i a l  a d d  e r r o r '  k a r a k t e r  v a n  h e t  o n d e r z o e k .  I n  h e t  

b e t r e k k e l i j k  g e r i n g e  a a n t a l  p u b l i c a t i e s  d a t  aan  de  voorbehande l ing  van zaden  

g e w i j d  is, o n t b r e e k t  v r i j w e l  s t e e d s  d e  f y s i o l o g i s c h e  a n a l y s e .  Het h o o f d d o e l  

van d e z e  s t u d i e  is daarom een  b i j d r a g e  t e  l e v e r e n  aan  d e  f y s i o l o g i s c h e  k e n n i s  

v a n  d e  p r o c e s s e n  d i e  b e t r o k k e n  z i j n  b i j  d e  v o o r b e h a n d e l i n g  v a n  s l a z a d e n .  Op 

grond van d i e  a c h t e r g r o n d k e n n i s  z a l  d e  h u i d i g e  p r a k t i j k  k r i t i s c h  worden be- 



keken en z u l l e n  adv iezen worden opges te ld  om i n  de toekomst  f o u t e n  t e  voor-  

komen. 

V a r i a b e l e n  i n  de voorbehande l ing  

Een v o o r b e h a n d e l i n g  b e s t a a t  u i t  d r i e  a c h t e r e e n v o l g e n d e  o n d e r d e l e n :  p r e -  

i n c u b a t i e ,  t e r u g d r o g i n g  en bewaring. U i t  Guedes & C a n t l i f f e  (1980) b l i j k t  d a t  

een a a n t a l  f a c t o r e n  g e v a r i e e r d  kan worden t i j d e n s  de v e r s c h i l l e n d e  onderdelen. 

I n  e e r s t e  i n s t a n t i e  i s  h e t  onderzoek g e r i c h t  op h e t  ana lyseren  van deze fac -  

t o r e n .  

T i j d e n s  de p r e - i n c u b a t i e  kunnen g e v a r i e e r d  worden: temperatuur ,  t i j d s d u u r ,  

t y p e '  en c o n c e n t r a t i e  osmoticum, de hoevee lhe id  l i c h t  en de l i c h t k l e u r  en de 

c o n c e n t r a t i e  z u u r s t o f .  Omdat de l i t e r a t u u r  en e igen  o r i ë n t e r e n d e  proeven een 

s t e r k e  i n d i c a t i e  gaven d e t  a l l e r l e i  chemische toevoegingen aan h e t  i n c u b a t i e -  

medium, z o a l s  s t i k s t o f h o u d e n d e  v e r b i n d i n g e n  en g r o e i r e g u l a t o r e n ,  a f w i j k e n d e  

k i e m p l a n t e n  t o t  g e v o l g  hebben, z i j n  d e r g e l i j k e  t o e v o e g i n g e n  n i e t  n a d e r  be- 

studeerd. PEG word t  beschouwd a l s  h e t  meest i n e r t e  osmoticum. De zeer g r o t e  

mo lecu len  (M = 6000-7500) kunnen n i e t  doord r ingen  i n  c e l l e n .  Osmotica, z o a l s  

d i v e r s e  z o u t e n  en  m a n n i t o l ,  kunnen  d i t  w e l  ( C a r p i t a  e t  a l .  1979d). Daarom i s  

i n  d i t  onderzoek - om m o g e l i j k e  beschadig ing van h e t  embryo t e  voorkomen - ge- 

kozen voor  PEG a l s  osmoticum. Osmotica worden toegepast  om c e l s t r e k k i n g  t i j -  

dens de g r o e i  van h e t  embryo t e  voorkomen (Heydecker & Coolbear 1977). E c h t e r  

l a n g d u r i g e  v e r t r a g i n g  van de k i e m i n g  i s  ook de b e l a n g r i j k s t e  voorwaarde voor  

h e t  on ts taan  van secundai re k i e m r u s t  (Karssen 1982). Het  d o e l  van pre-incuba- 

t i e  i s  j u i s t  tegenovergeste ld,  de k i e m i n g  b i j  hoge tempera tu ren  moet immers 

v e r b e t e r d  worden. 

I n  hoofdstuk 2 s t a a t  daarom de r o l  van PEG t i j d e n s  p r e - i n c u b a t i e  c e n t r a a l .  

De tempera tuur  t i j d e n s  p r e - i n c u b a t i e  i n  PEG i s  g e v a r i e e r d  omdat de tempera tuur  

b e p a a l t  of r u s t b r e k i n g  of j u i s t  r u s t i n d u c t i e  p l a a t s v i n d t  (To t te rde11  & Rober ts  

1979). E r  i s  nog  geen o v e r e e n s t e m m i n g  o v e r  h e t  w e r k i n g s m e c h a n i s m e  van  PEG. 

E n e r z i j d s  word t  b e t w i j f e l d  o f  e r  w e l  voldoende z u u r s t o f  i n  de PEG-oplossing 

k a n  d o o r d r i n g e n  ( M e x a l  e t  a l .  1975) ,  t e r w i j l  z u u r s t o f  e s s e n t i e e l  i s  v o o r  

verander ingen van h e t  r u s t n i v e a u  (Karssen 1980/81). A n d e r z i j d s  b l i j k t  PEG v e e l  

toegepast  t e  worden om h e t  voch tgeha l te  van zaden t e  verminderen ( ~ b r a h i m  & 

R o b e r t s  19838). 



T e r u g d r o g e n  van  de zaden n a  p r e - i n c u b a t i e  t o t  een l a a g  v o c h t g e h a l t e  i s  

n o o d z a k e l i j k  om bewar ing en zaaien m o g e l i j k  t e  maken. V e r s c h i l l e n d e  f a c t o r e n  

kunnen  t i j d e n s  h e t  d r o g e n  g e v a r i e e r d  worden: t i j d s d u u r ,  temperatuur ,  wind- 

s n e l h e i d  en de r e l a t i e v e  v o c h t i g h e i d  van de l u c h t .  V a n z e l f s p r e k e n d  mag h e t  

k i e m p r o c e s  t i j d e n s  p r e - i n c u b a t i e  n i e t  zo v e r  v o o r t g e s c h r e d e n  z i j n  d a t  be- 

s c h a d i g i n g  van  h e t  embryo  o p t r e e d t  t i j d e n s  h e t  d rogen .  E c h t e r  v o o r d a t  be-  

schad ig ing  van h e t  embryo optreedt ,  b l i j k t  e r  een n e g a t i e f  e f f e c t  van te rug-  

drogen op de k i e m i n g  b i j  hoge temperaturen t e  z i j n  ( ~ u e d e s  & C a n t l i f f e  1980). 

B r o c k l e h u r s t  & Dearman (1983) constateerden b i j  zaden van wor te len ,  u i e n  en 

s e l d e r i j ,  d a t  d rog ing  b i j  15 "C een minder n e g a t i e f  e f f e c t  had dan d r o g i n g  b i j  

30 " C .  

Gray (1975)  en  Thompson e t  a l .  (1979)  c o n s t a t e e r d e n  a l  d a t  e r  g r o t e  v e r -  

s c h i l l e n  i n  k iemrus tn iveau  bestaan tussen c u l t i v a r s  en v e r s c h i l l e n d e  p a r t i j e n  

zaden van  d e z e l f d e  c u l t i v a r .  H e t  l i g t  v o o r  de hand  d a t  z u l k e  v e r s c h i l l e n  

tevens t o t  u i t i n g  komen i n  h e t  e f f e c t  van p r e - i n c u b a t i e  en terugdrogen op h e t  

k iemrustn iveau.  Daarom wordt  i n  hoo fds tuk  3 beschreven hoe v e r s c h i l l e n d  c u l -  

t i v a r s  en p a r t i j e n  van d i e  c u l t i v a r s  reageren op terugdrogen. E r  word t  tevens  

beschreven hoe de omstandigheden t i j d e n s  p r e - i n c u b a t i e  aangepast kunnen worden 

om ondanks terugdrogen t o c h  nog voldoende k i e m i n g  t e  b e r e i k e n  b i j  hoge tem- 

p e r a t u r e n .  I n  h o o f d s t u k  5 k o m t  de r o l  van  de genoemde f a c t o r e n  t i j d e n s  h e t  

t e r u g d r o g e n  op de k i e m i n g  aan de  o r d e . B o v e n d i e n  w o r d t  a a n d a c h t  b e s t e e d  aan 

h e t  f y s i o l o g i s c h e  mechanisme d a t  t e n  grondslag l i g t  aan h e t  te rugdrooge f fec t .  

Na p r e - i n c u b a t i e  en terugdrogen moeten de zaden en ige  t i j d  bewaard kunnen 

worden. H e t  u i t g e b r e i d e  o n d e r z o e k  van  E l l i s  & R o b e r t s  (1980a,b, 1981)  h e e f t  

aangetoond d a t  h e t  doodgaan van zaden t i j d e n s  bewar ing  vo lgens een voorspe l -  

b a a r  p a t r o o n  v e r l o o p t ,  d a t  a f h a n k e l i j k  i s  van  de t e m p e r a t u u r  en  h e t  v o c h t -  

g e h a l t e  van  de zaden i n  de  a a n w e z i g h e i d  van  v o l d o e n d e  z u u r s t o f .  D e z e l f d e  

o n d e r z o e k e r s  v o o r s p e l d e n  d a t  o n d e r  i n v l o e d  van  p r e - i n c u b a t i e  zaden s n e l l e r  

zouden doodgaan t i j d e n s  bewar ing  dan zaden zonder p re - incuba t ie .  D i t  zou een 

e r n s t i g e  handicap z i j n  voor de p r a k t i s c h e  toepasbaarheid van de voorbehande- 

l i n g .  Guedes & C a n t l i f f e  (1980) en K r e t s c h m e r  (1982)  t o o n d e n  e c h t e r  aan d a t  

s l a z a d e n  n a  p r e - i n c u b a t i e  en t e r u g d r o g i n g  i n  i e d e r  g e v a l  gedurende  e n i g e  

maanden bewaard konden worden zonder d a t  h e t  vermogen om b i j  hoge tempera tuur  

t e  k i e m e n  daa lde ,  h e t g e e n  i n h o u d t  d a t  ook de ' v i a b i l i t y '  behouden  b l e e f .  

V e r l i e s  van ' v i a b i l i t y '  wordt  mees ta l  bepaald door h e t  a a n t a l  zaden t e  t e l l e n  
d a t  geen w o r t e l t j e  met een m i n i m a l e  l e n g t e  van 2 mm kan produceren. E r  kan ook 



gekeken worden o f  de o n t w i k k e l i n g  van h e t  t o t a l e  k i e m p l a n t j e  geen abnorma l i -  

t e i t e n  v e r t o o n t .  Volgens d e z e l f d e  onderzoekers zou k i e m r u s t  n i e t  g e c o r r e l e e r d  

z i j n  m e t  ' v i a b i l i t y ' .  I n  h o o f d s t u k  4 w o r d t  de i n v l o e d  van  de b e w a r i n g  b i j  

v e r s c h i l l e n d e  tempera tu ren  van gepre-incubeerde slazaden, d i e  t o t  v e r s c h i l l e n -  

de voch tgeha l tes  werden teruggedroogd, op de t e r u g v a l  van de maximurntempera- 

t u u r  vergeleken met de i n v l o e d  op h e t  v e r l i e s  van ' v i a b i l i t y ' .  

H e t  zou  v o o r  de hand  hebben  g e l e g e n  om n a  p r e - i n c u b a t i e ,  t e r u g d r o g e n  en  

b e w a r e n  ook h e t  e f f e c t  van  p i l l e r e n  op de k i e m i n g  b i j  hoge t e m p e r a t u r e n  t e  

onderzoeken .  P i l l e r e n  i s  e c h t e r  a l l e e n  m o g e l i j k  b i j  p a r t i c u l i e r e  o n d e r -  

nemingen.  D i t  h e e f t  de e x p e r i m e n t e n  z o d a n i g  b e p e r k t  d a t  z e  n i e t  v o o r  p u b l i -  

c a t i e  i n  aanmerking komen. 

Fysiologische analyse 

Z o a l s  h i e r b o v e n  w e r d  a a n g e d u i d  w i l  d i t  p r o e f s c h r i f t  v o o r a l  een b i j d r a g e  

l e v e r e n  aan de f y s i o l o g i s c h e  analyse van de voorbehandel ing van slazaden, om 

daardoor een b e t e r e  b a s i s  t e  vormen voor  de o n t w i k k e l i n g  van deze methoden. I n  

de h o o f d s t u k k e n  5, 6 en 7 komen een a a n t a l  a s p e c t e n  van  deze  f y s i o l o g i s c h e  

analyse aan de orde. 

I n  hoo fds tuk  5 word t  aandacht besteed aan de f y s i o l o g i s c h e  mechanismen d i e  

h e t  e f f e c t  van terugdrogen op de maximumtemperatuur zouden kunnen verk la ren .  

I n  h e t  algemeen word t  e r  i n  de l i t e r a t u u r  v a n u i t  gegaan d a t  drogen van zaden 

de membraanstructuur  van c e l l e n  beschadigd, waardoor met name de c e l l e n  aan 

h e t  opperv lak van de zaden i e t s  van hun inhoud v e r l i e z e n  (Bewley 1979). Lek- 

kage van e l e c t r o l y t e n  en andere ce lbestanddelen i s  een v e e l  voorkomend ver- 

s c h i j n s e l  gedurende  de e e r s t e  u r e n  van  de i m b i b i t i e  i n  w a t e r  van  zaden  van  

v e l e  s o o r t e n  (Bewley & B lack  1978). Geïso leerde embryo's van de e r w t  ver toon-  

den opnieuw lekkage wanneer ze na p r e - i n c u b a t i e  en terugdrogen opnieuw werden 

geïncubeerd (Simon & Harun 1972). I n t a c t e  zaden v e r t o n e n  a a n z i e n l i j k  m i n d e r  

lekkage (Simon 1984). I n  h o o f s t u k  5 i s  onderzocht o f  de lekkage van K+-ionen 

o n d e r  i n v l o e d  van  t e r u g d r o g e n  van  g e p r e - i n c u b e e r d e  zaden g e c o r r e l e e r d  k a n  

worden met de d a l i n g  i n  de maximumtemperatuur van de zaden. 

De c e n t r a l e  vraag van d i t  p r o e f s c h r i f t  i s  welk  f y s i o l o g i s c h  mechanisme t e n  

g ronds lag  l i g t  aan de verhog ing  c.q. de v e r l a g i n g  van de maximumtemperatuur 

van  k i e m i n g  o n d e r  i n v l o e d  van  een v o o r b e h a n d e l i n g  b i j  l a g e  r e s p e c t i e v e l i j k  



hoge t empera tuur .  Of met a n d e r e  woorden: hoe k i e m r u s t  v e r a n d e r t  t i j d e n s  e e n  

voorbehandel ing.  Het onderzoek n a a r  k i emrus tmechan i smen  h e e f t  z i c h  e n e r z i j d s  

s t e r k  g e r i c h t  op e e n  v e r k l a r i n g  v i a  v e r a n d e r i n g e n  i n  d e  s t o f w i s s e l i n g  van h e t  

zaad en a n d e r z i j d s  op een v e r a n d e r i n g  i n  h e t  ho rmoongeha l t e  van zaden (Bewley 

& Black 1982). Voor b e i d e  t h e o r i e ë n  b e s t a a t  e c h t e r  onvoldoende b e w i j s v o e r i n g .  

Z e l f s  wanneer  de  p r i m a i r e  v e r a n d e r i n g ,  d i e  d o o r  e e n  t e m p e r a t u u r v o o r b e h a n d e l i n g  

o p t r e e d t ,  g e l o c a l i s e e r d  is  i n  h e t z i j  d e  s t o f w i s s e l i n g ,  h e t z i j  d e  hormoonhuis-  

h o u d i n g ,  d a n  b l i j f t  h e t  nog v a n  b e l a n g  t e  w e t e n  o p  w e l k e  m a n i e r  d e z e  v e r -  

a n d e r i n g e n  t o t  e e n  b e t e r e  o f  s l e c h t e r e  k i e m i n g  l e i d e n .  I n  d i t  v e r b a n d  d i e n t  

ve rme ld  t e  worden d a t  k i e m i n g s s t i m u l e r e n d e  f a c t o r e n  z o a l s  l i c h t  e n  d e  g r o e i -  

r e g u l a t o r e n  g i b b e r e l l i n e ,  k i n e t i n e  en e t h y l e e n  s l a z a d e n  h e t  vermogen v e r s c h a f -  

f e n  om i n  e e n  o s m o t i c u m  m e t  e e n  l a g e r e  ( m é é r  n e g a t i e v e )  t e  k i e m e n ,  

t e r w i j l  f a c t o r e n  d i e  d e  k i eming  remmen, z o a l s  hoge t e m p e r a t u r e n  e n  a b s c i s i n e -  

zuur ,  h e t  omgekeerde e f f e c t  hebben ( C a r p i t a  e t  a l .  1979,  Hegar ty  & Ross  1978,  

R e y n o l d s  1 9 7 5 ,  Negm & S m i t h  1 9 7 8 ,  T a k e b a  & M a t s u b a r a  1 9 7 9 ) .  D i t  z i j n  e v e n  

z o v e l e  a a n w i j z i n g e n  d a t  k i e m r u s t v e r s c h i j n s e l e n  z i c h  u i t e n  i n  e e n  v e r a n d e r i n g  

van de  wa te rhu i shoud ing  van d e  zaden. 

Kieming is i r r e v e r s i b e l e  g r o e i  van h e t  embryo. Voor g r o e i  is c e l s t r e k k i n g  

voldoende (Haber & Luippold  1960). C e l s t r e k k i n g  v i n d t  p l a a t s  door  wateropname 

e n  w a t e r t r a n s p o r t  en  is  p e r  d e f i n i t i e  a l l e e n  m o g e l i j k  i n d i e n  er e e n  v e r s c h i l  

i n  w a t e r p o t e n t i a a l  ( $ )  b e s t a a t .  $ h e e f t  e e n  n e g a t i e v e  waarde  met e e n  maximum 

van n u l  MPa. $ van d roge  zaden kan z e e r  s t e r k  n e g a t i e v e  waarden b e r e i k e n  ( t o t  

-400 MPa, Shaykewich 1973),  waa rdoor  een  s n e l l e  wateropname m o g e l i j k  is. J, 

wordt  b e p a a l d  door  e e n  a a n t a l  componenten: 

J, = J,,+ V J p +  $m ( 1 )  

Er  word t  v a n u i t  gegaan d a t  d e  m a t r i x p o t e n t i a a l  (J,,,,) met name ve ran twoorde -  

l i j k  i s  v o o r  d e  z e e r  n e g a t i e v e  J, i n  d r o g e  z a d e n ,  m a a r  n a  a f l o o p  v a n  d e  

i m b i b i t i e  i n  w a t e r  v e r w a a r l o o s d  mag worden. Als J,, v e r w a a r l o o s b a a r  is, word t  $ 

b e p a a l d  d o o r  d e  som v a n  d e  o s m o t i s c h e  p o t e n t i a a l  (J,n) e n  d e  t u r g o r d r u k  (J, ). 
P 

J,, i n  h e t  z a a d  w o r d t ,  e v e n a l s  d e  a l  e e r d e r  g e ï n t r o d u c e e r d e  $,,van e e n  op- 

l o s s i n g ,  b e p a a l d  d o o r  d e  h o e v e e l h e i d  o p g e l o s t e  s t o f f e n .  Een t o e n a m e  v a n  h e t  

g e h a l t e  o p g e l o s t e  s t o f f e n  z o u  z o w e l  J,n a l s  J, l a t e n  d a l e n ,  mits J, g e l i j k  
P  

b l i j f t .  Dus zou wateropname e n  g r o e i  van h e t  embryo m o g e l i j k  worden. Takeba 

( 1 9 8 0 ~ ~ )  meende  d a t  J,, d e  b e p a l e n d e  f a c t o r  i s  v o o r  d e  k i e m i n g  v a n  s l a z a d e n .  

H i j  was i n  s t a a t  h e t  g e h a l t e  aminozuren i n  h e t  embryo e n  de  k i e m i n g  t e  manipu- 



l e r e n  met b e h u l p  van r u s t b r e k e n d e  en r u s t i n d u c e r e n d e  f a c t o r e n .  I n  hoofds tuk  6 

w o r d t  daarom g e a n a l y s e e r d  of  k i e m r u s t v e r a n d e r i n g e n  van s l a z a d e n  g e c o r r e l e e r d  

z i j n  met v e r a n d e r i n g e n  i n  h e t  a m i n o z u u r g e h a l t e  ven s l a z a d e n .  D a a r n a a s t  is d e  

a k t i v i t e i t  v a n  h e t  enzym g l u t a m i n e s y n t h e t a s e  o n d e r z o c h t ,  o m d a t  d i t  enzym 

v o l g e n s  Takeba  ( 1 9 8 3 a , b )  v o o r  e e n  g r o o t  d e e l  v e r a n t w o o r d e l i j k  w a s  v o o r  d e  

ophoping van de  aminozuren.  Het is b i j  d i t  onderzoek van g r o o t  b e l a n g  om e x a c t  

t e  k u n n e n  b e p a l e n  w a n n e e r  d e  g r o e i  v a n  h e t  e m b r y o  p r e c i e s  b e g i n t .  Z i c h t b a a r  

waarneembare  k i e m i n g  is d a a r v o o r  een  t e  l a a t  moment. Daarom werd i n  n a v o l g i n g  

v a n  S c h o p f e r  e t  a l .  ( 1 9 7 9 )  h e t  c r i t e r i u m  van  d e  d r o o g s c h a d e  a a n  h e t  e m b r y o  

i n g e v o e r d ,  d a t  h e t  b e g i n  van g r o e i  ongevee r  6 u u r  e e r d e r  a a n t o o n t .  

C a r p i t a  e t  a l .  ( 1 9 7 9 b )  meenden  d a t  d e  d r i j v e n d e  k r a c h t  v o o r  d e  g r o e i  v a n  

s la-embryo 's  o n d e r  i n v l o e d  van b e l i c h t i n g  word t  b e p a a l d  door  zowe l  een  d a l i n g  

v a n  9, a l s  e e n  d a l i n g  v a n  $ p. Een p r o t o n e n p o m p  zou  v e r a n t w o o r d e l i j k  z i j n  

v o o r  z o w e l  e e n  s t i j g i n g  v a n  h e t  g e h a l t e  K+ i o n e n  e l s  ' c e l 1  w a l 1  l o o s e n i n g ' .  

S c h o p f e r  & P l a c h y  (1985) vonden b i j  d e  ABA-gereguleerde k i eming  van koo lzaad  

e c h t e r  e e n  d a l i n g  v a n  h e t  g e h a l t e  o p g e l o s t e  s t o f f e n ,  w a a r d o o r  $ , s t e e g  i n  

p l a a t s  v a n  d a a l d e .  V o l g e n s  d e z e  o n d e r z o e k e r s  is a l l e e n  d e  r e g u l e r e n d e  

f a c t o r  v o o r  k i e m i n g .  De g r o o t s t e  v e r d i e n s t e  v a n  S c h o p f e r  & P l a c h y  ( 1 9 8 5 )  is 

hun  a a n p a s s i n g  v a n  d e  t h e o r i e  o v e r  d e  w a t e r h u i s h o u d i n g  v a n  c e l g r o e i  a a n  d e  

k i e m i n g  v a n  z a d e n .  Z i j  l e g d e n  e e n  v e r b a n d  t u s s e n  d e  w a t e r o p n a m e  van  z a d e n ,  

$ r e  
van h e t  osmot icum w a a r i n  de  zaden ge ïncubee rd  worden, $J, en d e  m i n i m a l e  

t u r g o r  ( Y )  d i e  n o d i g  i s  v o o r  w a t e r o p n a m e .  H e t  i s  m o g e l i j k  d u s d a n i g  t e  

k i e z e n  d a t  s l e c h t s  50% v a n  d e  z a d e n  i n  s t a a t  i s  t e  k i e m e n  ( = $J50).  D i t  

b e t e k e n t  d a t  t e v e n s  van 50% van d e  zaden d e  wateropname n u l  is, immers  a l l e e n  

i n d i e n  k i e m i n g  o p t r e e d t  z a l  h e t  w a t e r g e h a l t e  s t i j g e n .  B i j  e e n  wateropname van 

n u l  g e l d t :  

$ 5 0  = +, + Y (2)  

H e t  is m o g e l i j k  t e  m e t e n  m e t  b e h u l p  vanm e e n  p s y c h r o m e t e r .  D i t  m a a k t  

h e t  m o g e l i j k  Y t e  be rekenen  u i t  $ 5 0  en $,. I n  hoofds tuk  7 wordt  besch reven  

hoe de  p r e - i n c u b a t i e  van s l a z a d e n  van v e r s c h i l l e n d e  c u l t i v a r s  i n v l o e d  h e e f t  op  

d e  bovengenoemde p a r a m e t e r s  van de  wa te rhu i shoud ing .  D i t  p r o e f s c h r i f t  word t  

t e n  s l o t t e  b e s l o t e n  met e e n  s a m e n v a t t i n g .  





CHAPTER 2 

THE ADVANTAGES AND DISADVANTAGES OF THE USE OF POLYETHYLENE GLYCOL DURING PRE- 

INCUBATION OF LETTUCE SEEDS 



A b s t r a c t  

P r e - i n c u b a t i o n  o f  l e t t u c e  s e e d s  i s  d i r e c t e d  t o  t h e  s h i f t  o f  t h e  maximum 

t e m p e r a t u r e  o f  g e r m i n a t i o n  t o  h i g h e r  t e m p e r a t u r e s .  I t  is s t u d i e d  w h e t h e r  p re -  

i n c u b a t i o n  h a s  t o  o c c u r  i n  o s m o t i c  s o l u t i o n s  o r  can  e v e n l y  p roceed  i n  w a t e r .  

I n  s e e d s  o f  C V .  M u s e t t e  t h e  maximum t e m p e r a t u r e  f o r  50% g e r m i n a t i o n  (T50)  

s h i f t s  d u r i n g  p r e - i n c u b a t i o n  f o r  2 4  h  i n  w a t e r  o r  4 0  h  i n  -0.5 MPa p o l y -  

e t h y l e n e  g l y c o l  (PEG) a t  1 5  " C  f rom 25 t o  more t h a n  32 'C. However, o n l y  a f t e r  

p r e - i n c u b a t i o n  i n  PEG, s e e d s  a r e  r e s i s t a n t  t o  s u b s e q u e n t  r e d e s i c c a t i o n  t o  a  

m o i s t u r e  c o n t e n t  o f  5.5%. When a t  1 5  " C  p r e - i n c u b a t i o n  i n  -1.0 a n d  -1.5 MPa 

PEG is pro longed ,  a l l e v i a t i o n  o f  dormancy changes  i n t o  t h e  i n d u c t i o n  of  secon-  

d a r y  dormancy. A t  30 " C  PEG i n h i b i t s  t h e  i n d u c t i o n  o f  s e c o n d a r y  dormancy. The 

e f f e c t  o f  PEG is n o t  due t o  i n t e r f e r e n c e  w i t h  oxygen a v a i l a b i l i t y .  A t  b o t h  1 5  

" C  a n d  30 " C  PEG d e c r e a s e s  t h e  w a t e r  s a t u r a t i o n  d u r i n g  i m b i b i t i o n ,  w h i c h  

c o r r e l a t e s  w i t h  r e d u c e d  r e s p i r a t i o n  r a t e .  T h e r e f o r e ,  c h a n g e s  i n  d o r m a n c y  

appea r  t o  depend on a c t i v e ,  0 2 - r e q u i r i n g  p r o c e s s e s .  The p r a c t i c a l  a p p l i c a t i o n  

of  t h e  r e s u l t s  is d i s c u s s e d .  

I n t r o d u c t i o n  

P r e t r e a t m e n t  of  s e e d s  h a s  been deve loped  d u r i n g  t h e  l a s t  d e c a d e s  t o  improve  

t h e  g e r m i n a t i o n  c h a r a c t e r i s t i c s  o f  s e e d s .  I n  l e t t u c e  t h e  o b j e c t i v e  o f  s e e d  

p r e t r e a t m e n t  is i n  p a r t i c u l a r  t h e  improvement  of  g e r m i n a t i o n  a t  h i g h e r  tem- 

p e r a t u r e s .  R e s t r i c t i o n  of  g e r m i n a t i o n  e t  h i g h e r  t e m p e r a t u r e s  is a n  e x p r e s s i o n  

of  dormancy. Reynolds  & Thompson (1971) proposed t h e  maximum t e m p e r a t u r e  a t  

which 50% o f  t h e  s e e d s  g e r m i n a t e  (T50) a s  a  s u i t a b l e  p a r a m e t e r  f o r  dormancy. 

A s  e a r l y  a s  1928 Bor thwick  & Robbins  (1928) showed t h a t  T50 can  b e  i n c r e a s e d  

by p r e - i n c u b a t i o n  a t  l o w  t e m p e r a t u r e s .  The o p p o s i t e  e f f e c t  w a s  o b t a i n e d  by  

p r e - i n c u b a t i o n  of  t h e  s e e d s  a t  h igh  t e m p e r a t u r e s  (Bor thwick  e t  a l .  1954). 

The p r e t r e a t m e n t s  w h i c h  h a v e  b e e n  d e v e l o p e d  t o  i n c r e a s e  T 5 0  o f  l e t t u c e  

s e e d s  o f t e n  took t h e  form of  a  p r e - i n c u b a t i o n  a t  low Ynegat ive  v a l u e )  o s m o t i c  

p o t e n t i a l s  a t  a  s u i t a b l e  l o w  t e m p e r a t u r e ,  f o l l o w e d  by  r e d e s i c c a t i o n  a n d  

s t o r a g e .  L e t t u c e  s e e d s  have been p re - incuba ted  i n  v a r i o u s  o s m o t i c a  c o n s i s t i n g  

o f  s o l u t i o n s  o f  s a l t s ,  s u g a r s  o r  p o l y e t h y l e n e  g l y c o l  (PEG) (Khan 1977, Guedes 



& C a n t l i f f e  1980) .  I n  g e n e r a l  PEG i s  r e g a r d e d  as  t h e  m o s t  i n e r t  o s m o t i c u m  

because  i t  does  n o t  p e n e t r a t e  i n t o  t h e  seeds (Heydecker  & C o o l b e a r  1977) .  I t  

was supposed  t h a t  o s m o t i c  s o l u t i o n s  a l l o w e d  t h e  n o r m a l  o c c u r r e n c e  o f  a l l  

g e r m i n a t i o n  processes except  f o r  t h e  f i n a l  g rowth  process wh ich  i s  c h a r a c t e r -  

i z e d  by c e l l  e l o n g a t i o n  and t h u s  depends on e x t r a  wa te r  uptake. I t  was though t  

t o  b e  e s s e n t i a l  t h a t  t h e  i n h i b i t i o n  o f  g e r m i n a t i o n  i n  o s m o t i c a  p e r m i t t e d  a 

more p ro longed  a c t i v i t y  o f  t h e  g r o w t h  p r e p a r i n g  processes than  i n  water.  I t  

has t o  be r e a l i z e d ,  however, t h a t  p ro longed  i n h i b i t i o n  o f  g e r m i n a t i o n  i s  a l s o  

a good  c o n d i t i o n  f o r  t h e  i n d u c t i o n  o f  s e c o n d a r y  dormancy  ( K a r s s e n  1982). 

Therefore,  i n c o r r e c t  t i m i n g  o f  p r e - i n c u b a t i o n  m i g h t  have a n e g a t i v e  e f f e c t  on 

t h e  t rea tment .  

A lso  o t h e r  reasons make a c r i t i c a l  r e - a p p r a i s a l  o f  t h e  osmot i c  p r e t r e a t m e n t  

necessary. I t  has been shown f o r  i n s t a n c e  t h a t  t h e  osmot i c  p o t e n t i a l s  wh ich  

a r e  n o r m a l l y  a p p l i e d  n o t  o n l y  i n h i b i t e d  t h e  wate r  uptake d u r i n g  growth, b u t  

a l s o  d u r i n g  i m b i b i t i o n .  I b r a h i m  e t  a l .  (1983b)  showed t h a t  a t  s u c h  r e d u c e d  

seed m o i s t u r e  c o n t e n t s  r e s p i r a t i o n  was reduced. 

Reduced r e s p i r a t i o n  m i g h t  be caused by a decrease o f  oxygen a v a i l a b i l i t y .  

I n  PEG -6000 oxygen s o l u b i l i t y  i s  o n l y  h a l f  t h a t  i n  wa te r  and oxygen m o b i l i t y  

i s  o n l y  10%, wh ich  depresses r e l a t i v e  oxygen a v a i l a b i l i t y  t o  n o t  more than  5% 

(Mexal e t  a l .  1975). Free a v a i l a b i l i t y  o f  oxygen has been shown e s s e n t i a l  f o r  

changes i n  dormancy t o  occur  (Karssen 1980/81). 

I t  i s  t h e  a im o f  t h i s  chap te r  t o  s tudy  whether such disadvantageous e f f e c t s  

o f  PEG occur  indeed d u r i n g  p r e - i n c u b a t i o n  of l e t t u c e  seeds and whether they 

i n t e r f e r e  w i t h  t h e  e f f e c t i v e n e s s  o f  t h e  pre- incubat ion.  

Abbreviations - PEG, p o l y e t h y l e n e  g l y c o l ;  T50 ,  maximum t e m p e r a t u r e  w h i c h  

p e r m i t s  50% germina t ion .  

Material and methods 

Seeds o f  l e t t u c e  CV. Muse t te  82889 were ob ta ined  f rom Enza Zaden, Enkhuizen 

and  o f  CV. C a p i t a n  (31722)  f r o m  S l u i s  & G r o o t ,  Enkhu izen .  The seeds  were  

s t o r e d  d r y  a t  2 t o  5 "C u n t i l  use i n  t h e  exper iments which were per formed i n  

1984 and 1985. 

T r i p l i c a t e s  o f  5 0  seeds  w e r e  sown i n  5 cm P e t r i  d i s h e s  on one l a y e r  o f  



f i l t e r  p a p e r  ( S c h l e i c h e r  & S c h G l l  No. 5 9 5 )  m o i s t e n e d  w i t h  1 .5  m 1  d i s t i l l e d  

w a t e r ,  o r  a  s o l u t i o n  o f  PEG. O s m o t i c  p o t e n t i a l s  o f  PEG s o l u t i o n s  w e r e  c a l -  

c u l a t e d  a c c o r d i n g  t o  M i c h e l  (1983) .  A f t e r  p r e - i n c u b a t i o n  s e e d s  w e r e  r i n s e d  

w i t h  100 m 1  of  d i s t i l l e d  w a t e r ,  s u r f a c e  d r i e d  by s u c t i o n  i n  a  Buchner  f ~ n n e l  

and t r a n s f e r r e d  t o  f r e s h  f i l t e r  p a p e r  i n  a n o t h e r  P e t r i  d i sh .  T h e r e a f t e r ,  t h e  

s e e d s  w e r e  e i t h e r  u s e d  f o r  d e t e r m i n a t i o n  o f  m o i s t u r e  c o n t e n t  o r  t h e y  w e r e  

t r a n s f e r r e d  t o  g e r m i n a t i o n  c o n d i t i o n s  a f t e r  m o i s t e n i n g  t h e  f i l t e r  p a p e r  w i t h  

1.5 m 1  d i s t i l l e d  w a t e r  o r  PEG s o l u t i o n ,  w i t h  o r  w i t h o u t  a  p r e c e d i n g  r e d e s i c c a -  

t i o n  t r e a t m e n t .  R e d e s i c c a t i o n  o c c u r r e d  i n  t h e  h y g r o s t a t  above s a t u r a t e d  s a l t  

s o l u t i o n s  o r  s i l i c a g e l ,  a s  d e s c r i b e d  i n  m o r e  d e t a i l  i n  c h a p t e r  5. S u r f a c e  

d r i e d  s e e d s  w e r e  p l a c e d  i n  P e t r i d i s h e s  i n  t h e  h y g r o s t a t u n t i l  t h e  m o i s t u r e  

c o n t e n t  o f  t h e  s e e d s  w a s  i n  e q u i l i b r i u m  w i t h  t h e  r e l a t i v e  h u m i d i t y  o f  t h e  

a tmosphere  (mos t ly  24  h). The m o i s t u r e  c o n t e n t  of  t h e  s e e d s  was d e t e r m i n e d  by 

w e i g h i n g  ( 5 0 . 1  mg) a b o u t  1 0 0  mg s e e d s  i n  l i t t l e  v i a l s  b e f o r e  a n d  a f t e r  o v e n  

d r y i n g  a t  130  "C d u r i n g  1.5 h. Germina t ion  o c c u r r e d  i n  d a r k n e s s  a t  d i f f e r e n t  

t e m p e r a t u r e s  which were  r e a l i z e d  i n  c o o l e d  i n c u b a t o r s  (Gal lenkamp,  Crawley ,  

U.K., T t l  "C). G e r m i n a t i o n  w a s  c o u n t e d  a f t e r  2  d a y s  o f  i n c u b a t i o n  a t  t h e  

g e r m i n a t i o n  c o n d i t i o n s .  A l l  m a n i p u l a t i o n s  were  conduc ted  i n  dim g r e e n  l i g h t  

o b t a i n e d  by f i l t e r i n g  i r r a d i a t i o n  f rom one g r e e n  f l u o r e s c e n t  t u b e  ( P h i l i p s  TL 

40W/17) th rough  2  l a y e r s  o f  y e l l o w  no. 46 and 2  l a y e r s  o f  b l u e  no. 62  Cinemoid 

f i l t e r s  ( S t r a n d  E l e c t r i c ,  London ,  U.K.). 

S t anda rd  p r e - i n c u b a t i o n  o c c u r r e d  i n  a i r ,  e x c e p t  f o r  one e x p e r i m e n t  where  

d i f f e r e n t  O 2  c o n c e n t r a t i o n s  w e r e  r e a l i z e d  i n  5 0 0  m 1  b e a k e r s ,  e a c h  p l a c e d  

i n v e r s e l y  i n  a  9  cm P e t r i  d i s h  and w a t e r  locked.  Three  5  cm P e t r i  d i s h e s  were  

p i l e d  up  i n  e a c h  b e a k e r .  A s m a l l  h o l e  c o v e r e d  w i t h  a  r u b b e r  s e p t u m  e n a b l e d  

a d d i t i o n  o f  p u r e  N 2  a n d  O 2  t o  t h e  r e q u i r e d  O 2  c o n c e n t r a t i o n .  The O 2  c o n -  

c e n t r a t i o n  was  checked by g a s  chromatography.  

C o n c e n t r a t i o n s  of  CO2, O2 and N2  i n  t h e  a tmosphere  o f  t h e  r e s p i r i n g  s e e d s  

was measured w i t h  a  gaschrometograph  a c c o r d i n g  t o  Hoeks t r a  & Bruinsma (1975),  

connec ted  t o  an  e l e c t r o n i c  i n t e g r a t o r  ( S p e c t r a  P h y s i c s ,  SP 4100). Four  r e p l i -  
c a t e  s a m p l e s  of  p re - incuba ted  s e e d s  o f  a  known d r y  w e i g h t  were  p l a c e d  on one 

l a y e r  o f  f i l t e r  p a p e r  i n  1.0 m 1  d i s t i l l e d  w a t e r  o r  -1.5 MPa PEG i n  6.0 m 1  

v e s s e l s  f i t t e d  w i t h  m i c r o f l e x  v a l v e s  t o  avo id  g a s  l e a k a g e  f o r  ano the r  2  h  a t  

1 5  " C  o r  3 0  "C. F o l l o w i n g  p r e - i n c u b a t i o n  t h e  s e e d s  ( f o u r  r e p l i c a t e s )  w e r e  

p l a c e d  i n  t h e s e  v e s s e l s  f o r  2  h  a t  1 5  "C o r  3 0  "C on  a  f i l t e r  p a p e r  d i s c  i n  

1.0 m 1  H20 o r  -1.5 MPa PEG. 



Results 

The f i r s t  p a r t  o f  t h i s  s t u d y  was p e r f o r m e d  w i t h  a  b a t c h  o f  l e t t u c e  s e e d s  

CV. Muset te  wh ich  germina ted  f o r  100% a t  a  maximum tempera tu re  o f  20 "C, w h i l e  

g e r m i n a t i o n  s topped a t  26-28 "C (Fig. 1). 

Fig. 1. I n f l u e n c e  of p r e t r e a t m e n t  on g e r m i n a t i o n  o f  l e t t u c e  seeds CV. 

M u s e t t e  a t  d i f f e r e n t  t e m p e r a t u r e s .  Seeds w e r e  n o t  p r e t r e a t e d  (O), 
pre - incuba ted  a t  15 "C d u r i n g  24 h  i n  wa te r  ( c i r c l e s )  o r  40 h  i n  -0.5 
MPa PEG ( t r i a n g l e s )  and  s u b s e q u e n t l y  r e d e s i c c a t e d  t o  5.51 m o i s t u r e  
c o n t e n t  ( c l o s e d  s y m b o l s )  o r  d i r e c t l y  (open  s y m b o l s )  t r a n s f e r r e d  t o  
wa te r  a t  t h e  i n d i c a t e d  temperature.  The tempera tu re  a t  which 50% o f  
t h e  seeds germina ted  i s  i n d i c a t e d  w i t h  T50. 

The T 5 0  o f  u n t r e a t e d  seeds  (24.5 "C) was i n c r e a s e d  t o  v a l u e s  above 32 "C b y  

p r e - i n c u b a t i o n  d u r i n g  24 h  a t  15 "C i n  water.  P re - incuba t ion  i n  -0.5 MPa PEG 

d u r i n g  40  h had  a  s i m i l a r  e f f e c t .  T h e r e f o r e ,  i t  c o u l d  b e  q u e s t i o n e d  w h e t h e r  

p r e - i n c u b a t i o n  i n  PEG was s t r i c t l y  r e q u i r e d .  F o r  seeds  o f  t h i s  c u l t i v a r ,  

however, r e d e s i c c a t i o n  o f  pre- incubated seeds r e v e a l e d  t h a t  p re - incuba t ion  i n  

PEG had a  c l e a r  advantage. Wh i le  r e d e s i c c a t i o n  t o  5.5% m o i s t u r e  c o n t e n t  caused 

a f t e r  p r e - i n c u b a t i o n  i n  w a t e r  a  decrease o f  T50 t o  26.5 "C, i t  h a r d l y  a f f e c t e d  

t h e  T50 o f  PEG-incubated seeds (F ig.  1). Thus, p r e - i n c u b a t i o n  i n  PEG caused a  



g r e a t e r  r e s i s t a n c e  t o  r e d e s i c c a t i o n . T h e  r e d r y i n g  o c c u r r e d  i n  t h i s  s t u d y  t o  

one m o i s t u r e  c o n t e n t  on l y ,  e f f e c t s  o f  d i f f e r e n t  degrees o f  w a t e r  l o s s  a r e  

described i n  chapter 5. 

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  r e d e s i c c a t i o n  r e s i s t a n c e  o f  t h e  PEG- 

i ncuba ted  seeds ,could be t h a t  p r e - i n c u b a t i o n  i n  PEG l a s t e d  l o n g e r  t h a n  i n  

water. The maximal length  o f  pre- incubat ion depended on the moment redesicca- 

t i o n  caused v i s i b l e  and i r r e v e r s i b l e  damage t o  the  seeds. Damage was recorded 

on the seedlings t h a t  developed from pre-incubated and r e d r i e d  seeds du r i ng  a  

second i n c u b a t i o n  f o r  48 h  a t  15 " C  i n  wa te r  (Tab le  1). I n  c h a p t e r  6 i t  i s  

shown t h a t  the moment damage occurred due t o  redes iccat ion  preceded the  moment 

o f  v i s i b l e  germinat ion by 3  h. 

Table 1. I n f l u e n c e  o f  t h e  o s m o t i c  p o t e n t i a l  o f  t h e  p r e - i n c u b a t i o n  
medium and the l eng th  o f  t he  pre- incubat ion per iod  on the  percentage 
l e t t u c e  seeds CV. Muse t te  t h a t  a f t e r  r e d r y i n g  deve loped damaged 
seedlings dur ing  renewed incubat ion  i n  water. The data represent the  
mean + SD o f  d i f f e r e n t  experiments i n  which des iccat ion  occurred t o  
var ious moisture content  ranging from 5 t o  10%. 

osmotic p o t e n t i a l ,  MPa 

-0.5 -1.0 

du ra t i on  damage du ra t i on  damage du ra t i on  damage 

hours % hours E days L 

A f i r s t  d isadvantage o f  a  p r e - i n c u b a t i o n  i n  PEG i s  shown i n  F ig .  2. Seeds 

were pre-incubated i n  PEG so lu t i ons  a t  d i f f e r e n t  osmotic p o t e n t i a l s  and du r i ng  

d i f f e r e n t  per iods o f  t ime a t  15 "C. Germination was recorded i n  water a t  28 " C  

(A) o r  30 " C  (B ) ,  t empera tu res  a t  wh i ch  u n t r e a t e d  seeds d i d  n o t  g e r m i n a t e  

(Fig.  1). E v i d e n t l y ,  p r e - i n c u b a t i o n  i n  PEG r e t a r d e d  t h e  p rocess  o f  dormancy 

break ing.  When t h e  p r e - i n c u b a t i o n  p e r i o d  was v e r y  p r o l o n g e d  a l l e v i a t i o n  o f  



dormancy even turned i n t o  i t s  opposite, the i nduc t i on  o f  secondary dormancy. 

Consequently, pre- incubat ion i n  -1.5 MPa PEG never caused f u l l  germinat ion a t  

30 ' C  (F ig .  28). 

pre- incubation period, h 

F i g .  2. I n f l u e n c e  o f  t h e  l e n g t h  o f  p r e - i n c u b a t i o n  a t  15  "C and t h e  
incubat ion  medium on germinat ion i n  water a t  28 " C  (A) and 30 " C  (B) 
o f  l e t t u c e  seeds CV. Musette.  Seeds were p r e - i n c u b a t e d  i n  wa te r  (0) 
o r  PEG a t  o s m o t i c  p o t e n t i a l s  o f  -0.5 ( A  1, -1.0 ( ) o r  -1.5 ( V )  
MPa. The arrows denote the  maximum leng th  o f  pre-incubation, s ince 
the f i r s t  d ry ing  damage occurred a t  t h a t  moment. 

I t  was s tud ied whether the  e f f e c t s  of PEG were caused by an i n h i b i t i o n  of 

oxygen d i f f us ion .    he experiments were performed w i t h  seeds o f  the l e t t u c e  CV. 

Capitan, which had a s l i g h t l y  h igher T50 than seeds o f  CV. Musette. Due t o  the 

h igher  T50, germinat ion was tes ted  a t  32 "C. Pre-incubation occurred i n  d is -  

t i l l e d  w a t e r  o r  -1.5 MPa PEG a t  d i f f e r e n t  oxygen l e v e l s  (F ig .  3). I n  a i r ,  t h e  

a l l e v i a t i o n  of dormancy i n  Cap i tan  seeds was a l s o  r e t a r d e d  by  PEG. I n  t h e  

range o f  5.6 t o  100% t h e  O2 l e v e l  d i d  n o t  cause much d i f f e r e n c e s .  The re fo re ,  

l i m i t a t i o n  o f  oxygen d i f f us ion  dur ing  incubat ion  i n  PEG cou ld  be r u l e d  out  as 

explanat ion fo r  the  re tarded dormancy breaking. Oxygen l e v e l s  became c r i t i c a l  

b o t h  i n  w a t e r  and PEG a t  2 and 0% i n d i c a t i n g  energy dependency o f  dormancy 

release. 



Pre-incubation period, h 

F i g .  3. I n f l u e n c e  o f  oxygen l e v e l  d u r i n g  p r e - i n c u b a t i o n  e t  15 "C i n  
water (open symbols) o r  -1.5 MPa PEG (closed symbols) on subsequent 
germinat ion o f  l e t t u c e  seeds CV. Capitan a t  32 "C. Dur ing pre-incube- 
t i o n  oxygen l e v e l  was 0% (0,@), 2% ( A,A), 5.6% ( 0,+ ), 20.1% 
( V,V) o r  100% ( 0,. 1. 

I t  was a lso  s tud ied whether lower l e v e l s  o f  water sa tu ra t i on  a t  the end of 

i m b i b i t i o n  i n te r fe red  w i t h  the a b i l i t y  t o  change dormancy. Seeds o f  CV. Capi- 

t a n  were p re - i ncuba ted  i n  wa te r  o r  -1.5 MPa PEG e t  e i t h e r  15 "C, t o  b reak  

dormancy, o r  30 "C, t o  induce dormancy. Germination was tes ted a t  32 "C o r  24 

"C, r e s p e c t i v e l y .  The m o i s t u r e  c o n t e n t  a t  t h e  end o f  i m b i b i t i o n  i n  PEG was 

lower a t  both pre-incubation temperatures (Fig. 4). The experiment a l so  c lea r -  

l y  showed t h a t  PEG n o t  o n l y  r e t a r d e d  t h e  b r e a k i n g  o f  dormancy a t  15 "C (F ig .  

4A), bu t  a lso  the induct ion  o f  secondary dormancy a t  30 "C (Fig. 48). Whereas 

48 h  a t  30 "C i n  water was s u f f i c i e n t  t o  reduce germinat ion a t  24 " C  t o  30?A, e  

s i m i l a r  pre-incubation i n  -1.5 MPa PEG hard ly  a f f ec ted  subsequent germinat ion  

a t  24 "C. This r e s u l t  seemed a t  f i r s t  view cont rad ic tory  t o  the development of 

secondary dormancy i n  -1.5 MPa PEG e t  15 " C  (Fig.  2). The e x p l a n a t i o n  i s  t h a t  

d u r i n g  p r e - i n c u b a t i o n  a t  15 "C t h e  e f f e c t  o f  PEG on i n d u c t i o n  o f  secondary 

dormancy could no t  be compared t o  water because seeds germinated i n  water. The 

l a t t e r  d i d  not  occur a t  30 "C. 



(Pre-) incubation period at 15 'C, h 

0 

(Pre-1 incubation period at 30 'C, h 

Fig .  4. I n f l u e n c e  o f  p r e - i n c u b a t i o n  i n  w a t e r  o r  PEG on d o r m a n c y  a n d  
m o i s t u r e  c o n t e n t  o f  l e t t u c e  s e e d s  C V .  C a p i t a n .  A. To a l l e v i a t e  d o r -  
mancy s e e d s  were  p re - incuba ted  d u r i n g  t h e  i n d i c a t e d  p e r i o d  a t  1 5  " C  
i n  w a t e r  ( c i r c l e s )  o r  -1.5 MPa PEG ( s q u a r e s )  a n d  t h e r e a f t e r  g e r -  
mina ted  i n  w a t e r  a t  32 "C (open symbol s )  o r  used f o r  d e t e r m i n a t i o n  of 
m o i s t u r e  c o n t e n t  ( c l o s e d  symbols) .  B. To i n d u c e  dormancy s e e d s  were  
p r e - i n c u b a t e d  l i k e w i s e  b u t  p r e - i n c u b a t i o n  o c c u r r e d  a t  3 0  " C  a n d  
g e r m i n a t i o n  a t  24 "C. 

I n c u b a t i o n  i n  PEG a l s o  s t r o n g l y  i n f l u e n c e d  ene rgy  me tabo l i sm (Fig .  5). A t  

30 "C O2 u p t a k e  a n d  CO2 r e l e a s e  r o s e  d u r i n g  t h e  e a r l y  p h a s e  o f  i n c u b a t i o n ,  

b o t h  i n  w a t e r  and PEG, t o  s i m i l a r  va lues .  T h e r e a f t e r ,  t h e  r e s p i r a t o r y  a c t i v i t y  

s t a y e d  c o n s t a n t  d u r i n g  i n c u b a t i o n  i n  w a t e r ,  b u t  s l o w l y  d e c r e a s e d  i n  PEG. Thus, 

i n d u c t i o n  of s e c o n d a r y  dormancy a t  30 "C c o r r e l a t e d  w i t h  t h e  ma in tenance  o f  

h i g h  r e s p i r a t o r y  a c t i v i t y .  U n f o r t u n a t e l y  a t  1 5  "C some d a t a  on O2 u p t a k e  a r e  

m i s s i n g  a f t e r  c e r t a i n  i n c u b a t i o n  t i m e s  due t o  t e c h n i c a l  f a i l u r e .  N e v e r t h e l e s s  

t h e  s a m e  t r e n d  w a s  s e e n  a s  a t  3 0  "C. I n c u b a t i o n  i n  PEG i n h i b i t e d  b o t h  t h e  

u p t a k e  o f  O 2  a n d  t h e  r e l e a s e  o f  C O 2  f r o m  t h e  s e e d s .  The v a l u e s  f o r  R Q  v a r i e d  

b e t w e e n  0.5 a n d  0.6. 



lncubation period at 15 'C, h lncubation period at 30 C, h 

F ig .  5. I n f l u e n c e  o f  i n c u b a t i o n  i n  w a t e r  (0) o r  -1.5 MPa PEG ( 0 )  a t  
1 5  'C ( A )  o r  3 0  "C (B) on  c o n s u m p t i o n  o f  O2  ( c l o s e d  s y m b o l s )  a n d  
p r o d u c t i o n  o f  CO2 ( o p e n  s y m b o l s )  by l e t t u c e  s e e d s  CV. C a p i t a n .  CO2 
a n d  0  w e r e  m e a s u r e d  d u r i n g  2 h  a f t e r  t h e  i n d i c a t e d  i n c u b a t i o n  
p e r i o a s .  The a r r o w  d e n o t e s  t h e  f i r s t  moment  d e s i c c a t i o n  d a m a g e  
appea red  due t o  t h e  s t a r t  o f  g e r m i n a t i o n .  

Discussion 

The p r e s e n t  s t u d y  h a s  c l e a r l y  shown t h a t  p r e - i n c u b a t i o n  o f  l e t t u c e  s e e d s  i n  

PEG s o l u t i o n s  w i t h  l o w  o s m o t i c  p o t e n t i a l s i n h i b i t e d n o t o n l y  t h e  moment  o f  

v i s i b l e  g e r m i n a t i o n  b u t  a l s o  s o m e  p r o c e s s e s  p r e c e d i n g  g r o w t h ,  w h i c h  w e r e  

r e l a t e d  t o  t h e  a l l e v i a t i o n  and i n d u c t i o n  o f  dormancy (F igs .  2, 4). Kahn (1960) 

found s i m i l a r  e f f e c t s  o f  p ro longed  p r e - i n c u b a t i o n  i n  m a n n i t o l  on l e t t u c e  s e e d s  

CV. Grand Rapids.  The r e t a r d a t i o n  o f  dormancy i n d u c t i o n  is most c l e a r l y  shown 

a t  3 0  "C w h e r e  g e r m i n a t i o n  i n  w a t e r  d i d  n o t  o c c u r  ( F i g .  48).  A c h a n g e  f r o m  

a l l e v i a t i o n  t o  i n d u c t i o n  o f  dormancy, a s  s e e n  i n  o u r  e x p e r i m e n t s  d u r i n g  p r e -  

i n c u b a t i o n  i n  -1.0 a n d  -1.5 MPa PEG a t  1 5  "C, h a s  a l s o  b e e n  o b s e r v e d  d u r i n g  



pro longed  i n h i b i t i o n  of g e r m i n a t i o n  due t o  o t h e r  means by  T o t t e r d e l l  & Rober ts  

(1979) i n  Rumex o b t u s i f o l i u s ,  Cone & S p r u i t  (1983) i n  Arab idops is  t h a l i a n a  and 

H i l h o r s t  & Karssen (1986) i n  Sisymbr ium o f f i c i n a l e .  E v i d e n t l y ,  a t  i n t e r m e d i a t e  

tempera tu res  l i k e  15 "C a l l e v i a t i o n  o f  dormancy i s  f o l l o w e d  by re - induc t ion .  

A t  l o w e r  and  h i g h e r  t e m p e r a t u r e s  a l l e v i a t i o n  o r  i n d u c t i o n ,  r e s p e c t i v e l y ,  

dominate. 

T h i s  s t u d y  h a s  a l s o  shown t h a t  t h e  e f f e c t  o f  PEG d u r i n g  i n c u b a t i o n  o f  

l e t t u c e  seeds  i s  n o t  due t o  i n t e r f e r e n c e  w i t h  oxygen  a v a i l a b i l i t y .  Never -  

t h e l e s s ,  oxygen  a v a i l a b i l i t y  i s  e s s e n t i a l  f o r  b o t h  a l l e v i a t i o n  o f  do rmancy  

( F i g .  3)  and i n d u c t i o n  o f  s e c o n d a r y  dormancy  i n  l e t t u c e  and o t h e r  s p e c i e s  

( K a r s s e n  1980/81). The e f f e c t  o f  PEG m u s t  b e  due t o  t h e  d e c r e a s e  o f  t h e  

m o i s t u r e  c o n t e n t  o f  t h e  seeds (Fig. 4), which by unknown mechanisms caused a  

decrease o f  r e s p i r a t i o n  (Fig. 5). I b r a h i m  & Rober ts  (1983) descr ibed  a  s i m i l a r  

r e d u c t i o n  o f  r e s p i r a t i o n  i n  l e t t u c e  seeds o f  l o w  m o i s t u r e  content .  They a l s o  

showed t h a t  a t  h i g h  tempera tu res  the  i n i t i a l  r e s p i r a t i o n  r a t e  was much h i g h e r  

t h a n  a t  l o w e r  t e m p e r a t u r e s  ( F i g .  58). The R4 o f  0.5 - 0.6 i s  i n  a c c o r d a n c e  

w i t h  t h e  h i g h  l i p i d  c o n t e n t  o f  l e t t u c e  seeds. P r e - i n c u b a t i o n  i n  PEG d i d  n o t  

change t h e  RQ value. I t  i s  concluded t h a t  changes i n  dormancy depend on a c t i v e  

processes r e q u i r i n g  s u f f i c i e n t  02. S i m i l a r  conc lus ions  were reached by Vidaver  

& H s i a o  (1975). 

W i t h  r e s p e c t  t o  t h e  a p p l i c a t i o n  o f  seed p r e t r e a t m e n t  i n  h o r t i c u l t u r a l  

p r a c t i c e  t h e  p resen t  r e s u l t s  i n d i c a t e  t h a t  p r e - i n c u b a t i o n  i n  PEG i n s t e a d  o f  

wa te r  i s  m a i n l y  r e q u i r e d  t o  o b t a i n  d e s i c c a t i o n  t o l e r a n c e  o f  t h e  seeds. A good 

r e s u l t  o f  t h e  p r e t r e a t m e n t  depend, however, s t r o n g l y  on t h e  l e n g t h  o f  the  pre-  

i n c u b a t i o n  and t h e  PEG c o n c e n t r a t i o n  chosen. I n  genera l ,  i t  i s  adv ised t o  use 

s h o r t  p r e - i n c u b a t i o n  t i m e s  and l o w  c o n c e n t r a t i o n s  o f  PEG. I t  w i l l  be shown i n  

chap te r  3  t h a t  c u l t i v a r s  w i t h  a  much h i g h e r  T50 than  CV. Muse t te  a r e  desicca- 

t i o n  t o l e r a n t  a f t e r  p r e - i n c u b a t i o n  i n  w a t e r  and, t h e r e f o r e ,  h a r d l y  r e q u i r e  

p r e - i n c u b a t i o n  i n  PEG. I n  chap te r  7  t h e  p h y s i o l o g i c a l  mechanisms u n d e r l y i n g  

l o w  tempera tu re  p r e - i n c u b a t i o n  a r e  s t u d i e d  i n  more d e t a i l .  





CHAPTER 3 

DIFFERENT REACTIONS OF LETTUCE CULTIVARS TO SEED PRETREATMENT 



Abstract  

Studies on the maximum temperature a t  which 50% of seeds germinate 

show tha t  seed dormancy i n  l e t t u c e  va r i es  l a r g e l y  between c u l t i v a r s  and be- 

tween batches o f  an i n d i v i d u a l  c u l t i v a r .  Values o f  T50 a r e  found  between 15 

and 30 "C. P r e - i n c u b a t i o n  i n  wa te r  a t  15 "C d u r i n g  16 t o  20 h  i n c r e a s e s  T50 

w i t h  3.5 t o  9  "C. Red l i g h t  i n c r e a s e s  t h e  e f f e c t  o f  t h e  p r e - i n c u b a t i o n  o n l y  

s l i g h t l y  i n  most c u l t i v a r s ,  except CV. Grand Rapids. Subsequent redes i cca t i on  

t o  a  moisture content of 42 hard ly  decreases T50 i n  some c u l t i v a r s ,  whereas i n  

others T50 drops t o  values c lose t o  those o f  un t reated seeds. 

Germination o f  a  batch o f  seeds w i t h  a  T5,3 o f  15 "C can be improved t o  27.5 

"C by pre-incubation a t  10 " C  i n  -0.5 MPa PEG du r ing  3 days. Pre- incubat ion i n  

PEG p r e v e n t s  moreover f o r  t h e  g r e a t e r  p a r t  t h e  decrease o f  T 5 0  due t o  r e -  

des i cca t i on .  U n f o r t u n a t e l y ,  a  p r e - i n c u b a t i o n  t e m p e r a t u r e  o f  2  'C,  wh i ch  

r e s u l t s  i n  even b e t t e r  a l l e v i a t i o n  o f  dormancy, i s  l e s s  l i k e l y  s ince i t  causes 

vernal izat ion.  I t  i s  concluded t h a t  dormancy l e v e l s  o f  seeds determine which 

method o f  pre-incubation has t o  be used. 

I n t roduc t i on  

P r e t r e a t m e n t  o f  l e t t u c e  seeds has been shown a  good method t o  i m p r o v e  

g e r m i n a t i o n  a t  h i g h  tempera tu res  (Guedes & C a n t l i f f e  1980). I n  c h a p t e r  2 i t  

was confirmed t h a t  pre- incubat ion i n  water increased T50, the  maximum tem- 

p e r a t u r e  a t  wh ich  50% o f  t h e  seeds germinate .  I t  was a l s o  shown t h a t  r e -  

d e s i c c a t i o n  o f  p re - i ncuba ted  seeds caused a  decrease o f  T50, wh ich  c o u l d  b e  

p reven ted  by p r e - i n c u b a t i o n  i n  p o l y e t h y l e n e  g l y c o l  (PEG). The e x p e r i m e n t s  

desc r i bed  i n  chap te r  2 were p e r f o r m e d  w i t h  two  c u l t i v a r s  on l y .  S ince  i t  i s  

known t h a t  the germinat ion c h a r a c t e r i s t i c s  o f  d i f f e r e n t  l e t t u c e  c u l t i v a r s  vary 

la rge ly ,  i n  p a r t i c u l a r  w i t h  respect  t o  T50 (Bekendam 1972, Gray 1975, Thompson 

e t  a l .  1979), i t  was dec ided t o  ex tend  t h e  expe r imen ts  t o  a  l a r g e r  group o f  

c u l t i v a r s .  A l so  d i f f e r e n t  ba tches  o f  one c u l t i v a r  were compared because 

H a r r i n g t o n  & Thompson (1952) showed t h a t  T50 a l s o  depended on t h e  e n v i r o n -  

mental cond i t ions  dur ing  seed development. 

Khan (1977) showed t h a t  osmotic pretreatment combined w i t h  the  a p p l i c a t i o n  



of  t h e  g r o w t h  r e g u l a t o r s  g i b b e r e l l i n  and c y t o k i n i n  r a i s e d  T50 t o  4 0  "C. How- 

e v e r ,  t h e  p h o t o g r a p h s  s h o w e d  t h a t  s e e d s  t r e a t e d  w i t h  g i b b e r e l l i n  p r o d u c e d  

abnormal ,  s t r e t c h e d  s e e d l i n g s .  The p r e s e n t  s t u d y  w i l l  c o n c e n t r a t e  on methods  

t o  r a i s e  T50 by means of  l i g h t ,  o p t i m a l  t e m p e r a t u r e  and osmoticum. 

A b b r e v i a t i o n s  - PEG, p o l y e t h y l e n e  g l y c o l ;  T50,  maximum t e m p e r a t u r e  f o r  50% 

g e r m i n a t i o n .  

M a t e r i a l  and methods  

S e e d s  o f  l e t t u c e  were o b t a i n e d  f r o m  v a r i o u s  s o u r c e s .  Two h a r v e s t s  o f  C V .  

M u s e t t e  were  o b t a i n e d  f rom Enza Zaden, Enkhuizen. Batch 82985 and b a t c h  82889 

were  h a r v e s t e d  f rom p l a n t s  grown a t  d i f f e r e n t  c i r c u m s t a n c e s .  Ba tch  82889 is 

i n d i c a t e d  a s  M ~ s e t t e ~ ~  s i n c e  T50 appea red  t o  b e  abou t  25  "C. Many e x p e r i m e n t s  

were  pe r fo rmed  w i t h  b a t c h  82985. During t h e  e x p e r i m e n t a l  p e r i o d  T50 o f  t h i s  

b a t c h  c h a n g e d  f r o m  1 5  t o  20  " C  a t  n o r m a l  s t o r a g e  c o n d i t i o n s .  S e e d s  o f  c v s .  

C a p i t a n  and Palmyran were  o b t a i n e d  f rom S l u i s  & Groot  Resea rch ,  Enkhuizen;  CV. 

Marc ia  f rom Royal S l u i s ,  Enkhuizen;  CV. Mar i ska  f rom Nunhem's Zaden, Haelen;  

C V .  R a v e l  f r o m  R i j k  Zwaan,  De L i e r ;  a n d  c v s .  G r a n d  R a p i d s  a n d  Monte110  f r o m  

F e r r y  Morse Seed Co., Mountain View, U.S.A. The s e e d s  were  s t o r e d  a t  2  t o  5  " C  

u n t i l  u s e ,  t h e  e x p e r i m e n t s  were  pe r fo rmed  i n  1984,  1985 and 1986. 

The c o n d i t i o n s  d u r i n g  p r e t r e a t m e n t  and g e r m i n a t i o n  were  s i m i l a r  t o  c h a p t e r  

2 ,  e x c e p t  t h a t  i n  some e x p e r i m e n t s  s e e d s  r e c e i v e d  a  s a t u r a t i n g  5  m i n u t e s  d o s e  

of  r e d  l i g h t  f rom 6 r e d  f l u o r e s c e n t  t u b e s  ( P h i l i p s  TL 20W/15) f i l t e r e d  by 3 m m  

p l e x i g l a s  ( r e d  5 0 1 ,  RGhm & H a a s ,  D a r m s t a d t ,  G.F.R.), t h e  l i g h t  i n t e n s i t y  a t  

s e e d  l e v e l  b e i n g  250 u ~ . c m - ~ .  

For  d e t e r m i n a t i o n  o f  t h e  d a t e  of  h a r v e s t  and f l o w e r i n g ,  p re - incuba ted  s e e d s  

were  t r a n s f e r r e d  on May 24, 1985 t o  a  g rowth  c a b i n e t  a t  20 "C w i t h  a  d i u r n a l  

c y c l e  o f  1 6  h  l i g h t  a n d  8  h  d a r k n e s s .  On May 28 t h e  s e e d l i n g s  w e r e  t r a n s -  

p l a n t e d  t o  p o t t i n g  compost  i n  a  g l a s s h o u s e  a t  25 "C. On June  18  two r e p l i c a t e d  

o f  5 p l a n t s  e a c h  w e r e  p l a n t e d  o u t d o o r s .  D e v e l o p m e n t  w a s  o b s e r v e d  u n t i l  t h e  

f i r s t  f l o w e r s  appea red .  



Results 

L e t t u c e  seeds CV. M u s e t t e Z 5  and CV. R a v e l  d i f f e r e d  i n  t h e i r  a b i l i t y  t o  

g e r m i n a t e  a t  a  r a n g e  o f  t e m p e r a t u r e s ,  T5,, v a l u e s  b e i n g  25 and  29 "C r e s p e c -  

t i v e l y  ( F i g .  1). 

Germmation temperature. C 

Fig. 1. I n f l u e n c e  o f  p r e t r e a t m e n t  on t h e  g e r m i n a t i o n  of l e t t u c e  seeds 
cvs. M u ~ e t t e ~ ~  ( c i r c l e s )  and Ravel  ( t r i a n g l e s )  a t  d i f f e r e n t  tempera- 
tures.  Seeds were e i t h e r  sown d i r e c t l y  a t  t h e  i n d i c a t e d  tempera tu res  
(open s y m b o l s )  o r  p r e - i n c u b a t e d  i n  w a t e r  a t  1 5  "C d u r i n g  20 h  (Mu- 
s e t t e )  o r  1 6  h  (Rave l ) ,  w i t h o u t  ( c l o s e d  s y m b o l s )  o r  w i t h  s u b s e q u e n t  
r e d e s i c c a t i o n  t o  a  m o i s t u r e  c o n t e n t  o f  4.2% ( M u s e t t e )  o r  4.7% 
(Ravel).  

A f t e r  p r e - i n c u b a t i o n  t h e  d i f f e r e n c e  i n  T50 remained, T50 o f  Muse t te  i n c r e a s e d  

due t o  20 h  a t  15 "C i n  wa te r  t o  3 1  "C and T50 o f  Ravel  was 36.5 "C a t  t h e  end 

o f  1 6  h  a t  1 5  "C. However, s e e d s  o f  t h e  t w o  c u l t i v a r s  d i f f e r e d  i n  t h e i r  

r e a c t i o n  t o  subsequent redes icca t ion .  The r e d u c t i o n  i n  T50 was 5.5 and 1.5 "C, 

r e s p e c t i v e l y .  

I t  a p p e a r e d  t h a t  M u s e t t e  and R a v e l  b o t h  r e p r e s e n t e d  d i f f e r e n t  g r o u p s  o f  

l e t t u c e  c u l t i v a r s  (Fig. 2). The c u l t i v a r s  Capitan, Mariska, Monte110 and Grand 



R a p i d s  l o s t  l i k e  R a v e l  1 0  t o  20% o f  t h e  i n c r e a s e  o f  T 5 0  due t o  r e d e s i c c a t i o n  

t o  l o w  m o i s t u r e  c o n t e n t .  The o t h e r  c u l t i v a r s  l o s t  l i k e  M u s e t t e  50 t o  90% o f  

t h e  i n c r e a s e  o f  T50. Seeds o f  f i v e  c u l t i v a r s  were s h o r t l y  i r r a d i a t e d  w i t h  r e d  

l i g h t  a t  t h e  end o f  p re - incuba t ion .  Red l i g h t  i nc reased  T50 i n  Grand Rapids t o  

much h i g h e r  va lues  than  i n  t h e  cvs. Musette, Marc ia,  Palmyran and Monte l lo .  I n  

none  o f  t h e  c u l t i v a r s  r e d  i r r a d i a t i o n  changed t h e  r e d u c t i o n  o f  T50 b y  r e -  

d e s i c c a t i o n .  F i g .  2  a l s o  d e p i c t s  t h e  i n f l u e n c e  o f  p r e t r e a t m e n t  on a n o t h e r  

b a t c h  o f  CV. Muset te  than  t h e  Muset teZ5 seeds which were descr ibed  i n  F ig.  1. 

The seeds o f  t h i s  seed b a t c h  were ex t reme ly  dormant. A t  t h e  beg inn ing  o f  t h e  

e x p e r i m e n t a l  p e r i o d  they showed a  T50 o f  15 'C  (Musette15). D u r i n g  d r y  s t o r a g e  

a t  2  t o  5  "C T50 i n c r e a s e d  i n  t h e  c o u r s e  o f  a  y e a r  t o  20 "C ( M u s e t t e Z 0 ) .  Due 

t o  o u r  s t a n d a r d  p r e - i n c u b a t i o n  a t  1 5  "C i n  w a t e r  T 5 0  r e a c h e d  v a l u e s  v a r y i n g  

b e t w e e n  23 and  26 "C. However ,  r e d e s i c c a t i o n  caused  a  d r a m a t i c  r e d u c t i o n  o f  

T50. A l t o g e t h e r  a  v e r y  u n s a t i s f a c t o r y  r e s u l t  o f  a  p re t rea tment .  There fo re  i t  

was t r i e d  whether  changes i n  t h e  p re - incuba t ion  c o u l d  improve  t h e  r e s u l t .  

Fig. 2. I n f l u e n c e  o f  p r e t r e a t m e n t  on t h e  T50 o f  l e t t u c e  seeds  o f  
d i f f e r e n t  c u l t i v a r s .  T 5 0  was d e t e r m i n e d  on seeds  t h a t  were  e i t h e r  
sown d i r e c t l y  a t  a  r a n g e  o f  t e m p e r a t u r e s  ( b o t t o m  l i n e s  o f  v e r t i c a l  
b a r s )  o r  on  s e e d s  t h a t  h a d  been p r e - i n c u b a t e d  i n  w a t e r  a t  1 5  "C 
d u r i n g  1 6  o r  20 h  w i t h o u t  ( t o p  l i n e  o f  b a r s )  o r  w i t h  s u b s e q u e n t  
r e d e s i c c a t i o n  t o  m o i s t u r e  c o n t e n t s  between 3.6 and 4.5% (midd le  l i n e  
i n  b a r s ) .  Seeds w e r e  k e p t  i n  d a r k n e s s  d u r i n g  p r e - i n c u b a t i o n  (D) o r  
were  i r r a d i a t e d  d u r i n g  5  m i n  a t  t h e  end  o f  p r e - i n c u b a t i o n  w i t h  r e d  
l i g h t  (R). From CV. Muse t te  3 batches were t e s t e d  w i t h  d i f f e r e n t  T50 
(15, 20 o r  25  "C) (see  t e x t  f o r  o r i g i n  o f  b a t c h e s ) .  



Since t h e  norma l  p r e - i n c u b a t i o n  tempera tu re  o f  15 " C  was equa l  t o  t h e  T50 

o f  t h e  seeds, a  b e t t e r  e f f e c t  was expected o f  l o w e r  p r e - i n c u b a t i o n  tempera- 

tures.  Indeed, p re - incuba t ion  a t  10  and 2  "C i n  wa te r  r e s u l t e d  i n  much h i g h e r  

T 5 0  v a l u e s  t h a n  a  1 5  " C  p r e - i n c u b a t i o n  ( T a b l e  1) .  P r e - i n c u b a t i o n s  w e r e  e x -  

t e n d e d  t o  t h e  moment t h a t  d e s i c c a t i o n  damage s t a r t e d  t o  o c c u r .  A f t e r  r e -  

d e s i c c a t i o n  p a r t  o f  t h e  improvement remained. 

Table 1. I n f l u e n c e  o f  d i f f e r e n t  p r e - i n c u b a t i o n  c o n d i t i o n s  and  r e -  
d e s i c c a t i o n  on T  o f  l e t t u c e  seeds  CV. M u s e t t e  Seeds w e r e  p r e -  
i n c u b a t e d  i n  wa?er o r  -0.5 MPa PEG a t  d i f f e r e n i 5 ; e m p e r a t u r e s  f o r  
v a r i o u s  p e r i o d s  o f  t i m e  and  t h e r e a f t e r  e i t h e r  r e d e s i c c a t e d  t o  a  
m o i s t u r e  c o n t e n t  o f  4.1% o r  n o t  dr ied.  

p re - incuba t ion  

c o n d i t i o n s  

none 15 

water,  20 h  15 " C  23.5 

water,  40 h  10 " C  26.5 

water,  5  d  2  " C  '34 

PEG -0.5 MPa, 40 h  15 " C  25.5 

PEG -0.5 MPa, 72 h  10  " C  27.5 

PEG -0.5 MPa, 17 d  2  'C '34 

As was shown i n  c h a p t e r  2  p r e - i n c u b a t i o n  i n  -0.5 MPa PEG o n l y  s l i g h t l y  

improved t h e  r i s e  o f  T50, i t  prevented, however, p a r t l y  t h e  f a l l  o f  T50 due t o  

r e d e s i c c a t i o n .  I s  t h e r e f o r e  a  p r e - i n c u b a t i o n  d u r i n g  1 7  d a y s  a t  2  " C  i n  -0.5 

MPa PEG f o l l o w e d  b y  r e d e s i c c a t i o n  t h e  b e s t  a d v i s a b l e  p r e t r e a t m e n t  o f  s u c h  

deeply dormant seeds? I f  t h e  e f f e c t  on p l a n t  g rowth  i s  taken  i n t o  account,  i t  

e v i d e n t l y  i s  not. I t  i s  shown i n  Table 2  t h a t  p r e - i n c u b a t i o n  a t  2 " C  i n  w a t e r  

and PEG caused  an e a r l i e r  b o l t i n g  o f  t h e  p l a n t s .  O b v i o u s l y ,  t h e  s e e d s  w e r e  

v e r n a l i z e d  p a r t i c u l a r l y  d u r i n g  t h e  pro longed p r e - i n c u b a t i o n  p e r i o d s  a t  2  "C. 



T a b l e  2. I n f l u e n c e  o f  p r e - i n c u b a t i o n  of l e t t u c e  seeds CV. Muse t te  on 
b o l t i n g  and  f l o w e r  d a t e .  Seeds w e r e  p r e - i n c u b a t e d  i n  w a t e r  o r  -0.5 
MPa PEG a t  d i f f e r e n t  t e m p e r a t u r e  f o r  v a r i o u s  p e r i o d s  o f  t i m e .  
Seed l ings  were t r a n s p l a n t e d  t o  p o t t i n g  compost i n  a glasshouse on May 
28, 1985, and  p l a n t e d  o u t d o o r s  o n  June 18. On Augus t  2  p l a n t s  f r o m  
u n t r e a t e d  seeds were h a r v e s t  r i p e ,  a  f i r m  compact head was formed, 
i n d i c a t e d  w i t h  0. P l a n t s  f r o m  o t h e r  t r e a t m e n t s  w e r e  compared  and  
b o l t i n g  was i n d i c a t e d  w i t h  + o r  ++. 

p r e - i n c u b a t i o n  c o n d i t i o n s  b o l t i n g  f i r s t  f l o w e r  

on Aug. 2  on ( d a t e )  

u n t r e a t e d  

water ,  20 h 15 "C 

-0.5 MPa PEG, 40 h 15 'C 

water ,  40 h 10 "C 

-0.5 MPa PEG, 72 h 10  "C 

water ,  7 d  2 ° C  

-0.5 MPa PEG, 14  d 2 "C 

water,  14  d 2 " C  

-0.5 MPa PEG, 28 d 2°C 

Oct.  3 

Oct. 4  

Oct. 3 

Oct. 3 

Oct. 3 

Sept. 28 

Sept. 10 

Sept. 10 

Sept. 6 

Discussion 

T h i s  chap te r  has c o n f i r m e d  t h a t  l a r g e  v a r i a t i o n  e x i s t s  i n  t h e  T50 va lues  of 

l e t t u c e  seeds o f  d i f f e r e n t  c u l t i v a r s  and o f  batches o f  t h e  same c u l t i v a r .  The 

d i f f e r e n c e s  between c u l t i v a r s  p o i n t  t o  t h e  a t t r i b u t i o n  o f  g e n e t i c  f a c t o r ( s )  i n  

t h e  r e g u l a t i o n  o f  dormancy.  A s t u d y  on  t h e  i n h e r i t a n c e  o f  do rmancy  i n  f o u r  

l e t t u c e  c u l t i v a r s  (Eenink 1981) concluded t h a t  one chromosomal gene was re -  

s p o n s i b l e  f o r  t h e  g r e a t e r  p a r t  o f  t h e  gene t i c  v a r i a t i o n  i n  dormancy between 

t h e  c u l t i v a r s .  An e f f e c t  o f  s u c h  e n v i r o n m e n t a l  f a c t o r s  i s  e m p h a s i z e d  b y  t h e  

v a r i a t i o n  i n  T 5 0  o f  d i f f e r e n t  b a t c h e s  o f  CV. M u s e t t e .  As w e l l  c o n d i t i o n s  

d u r i n g  development of t h e  seeds (MusetteZ5 compared t o  MZ0 and M15) as con- 

d i t i o n s  d u r i n g  s t o r a g e  (Mz0 compared  t o  M15) p l a y e d  a r o l e .  The k n o w l e d g e  

about  t h e  b r e a k i n g  of dormancy d u r i n g  d r y  s to rage  i s  m i n i m a l  ( ~ e w l e y  & B lack  

1982) .  I t  c e r t a i n l y  does  n o t  c o n s i s t  o f  d e t e r i o r a t i o n  s i n c e  TtjO i n c r e a s e d  

i n s t e a d  o f  dec reased .  D e t e r i o r a t i o n  o f  seeds due t o  s t o r a g e  i s  d e s c r i b e d  i n  



chapter  4. 

From a p r a c t i c a l  p o i n t  o f  view i t  i s  des i rab le  t ha t  l e t t u c e  seeds germinate 

a t  a broad range o f  temperatures t o  secure app l i ca t i on  i n  d i f f e r e n t  c l i m a t i c  

regions. The present r e s u l t s  show tha t  seeds w i t h  a h igh  T50 are a l ready c lose  

t o  the i d e a l  germination capaci ty wh i l e  others are f a r  removed. Therefore, the 

requirements t ha t  are made o f  a pretreatment d i f f e r  s t rong l y  i n  dependence of 

the degree o f  dormancy. I n  general, the  present r e s u l t s  support the r u l e  t h a t  

the higher the T50 the s impler  the pretreatment can be. Seeds o f  CV. Ravel f o r  

i n s t a n c e  wh ich  ge rm ina te  w i t h o u t p r e t r e a t m e n t  a l r e a d y  f o r  100% up t o  28 "C 

(T50 = 29.5 " C )  have o n l y  t o  be p re - i ncuba ted  i n  w a t e r  f o r  16 h a t  15 " C  t o  

reach  a T50  o f  37 'C. T h i s  r e s u l t  i s  h a r d l y  a f f e c t e d  by  r e d e s i c c a t i o n  (F igs .  

l, 2) .  

A t  t h e  o t h e r  extreme s i d e  o f  t h e  spect rum seeds o f  Musette15 r e q u i r e d  a 

more complicated pretreatment t o  r a i s e  T50 o f  15 'C t o  more s u i t a b l e  values. 

Pre-incubation i n  water a t  15 " C  proved t o  be i n s u f f i c i e n t  (Table l ) .  A change 

t o  lower temperatures showed b e t t e r  resu l t s ,  b u t  meets w i t h  t he  comp l i ca t i on  

of v e r n a l i z a t i o n  when seeds a r e  p re - i ncuba ted  a t  2 "C. V e r n a l i z a t i o n  i n  t h e  

seed s tage  was shown b e f o r e  by  P r i n c e  (1980). A l s o  C a n t l i f f e  e t  a l .  (1981) 

found an e a r l i e r  m a t u r i t y  o f  p l a n t s  a f t e r  p r e t r e a t m e n t  o f  l e t t u c e  seeds. 

Consequently 10 "C was l e f t  as most s u i t a b l e  pre- incubat ion temperature. Water 

had t o  be replaced by PEG t o  avoid a s t rong reduct ion  o f  T50 by redesiccat ion.  

But nevertheless the T50 o f  seeds red r i ed  t o  4% moisture content  reached n o t  

h i g h e r  t h a n  23.5 "C (Tab le  1). I t  w i l l  be shown i n  c h a p t e r  5 t h a t  when more 

moisture i s  l e f t  i n  the seeds a t  the end o f  red ry ing  T50 i s  l e s s  reduced. Such 

treatment, however, i n t e r f e r e s  negat ive ly  w i t h  storage o f  the seeds (chapter  

4). I n  conclusion, pretreatment o f  Musette15 seeds cannot meet the  requ i re-  

ments normal ly  asked for .  One might  consider the app l i ca t i on  o f  growth regula-  

t o r s  l i k e  ethylene, cytokin ins,  g i b b e r e l l i n s  or  thioureum. P re l im ina ry  r e s u l t s  

( n o t  shown) i n d i c a t e d  indeed a h i g h e r  T50. However, s e e d l i n g  q u a l i t y  was 

unsat is fac tory .  

Sa t i s fac to ry  r e s u l t s  could be obtained w i t h  M u ~ e t t e ~ ~  (chapter 2) i n  par- 

t i c u l a r  a f t e r  pre-incubation i n  PEG. Therefore, at tempts t o  improve dormancy 

c h a r a c t e r i s t i c s  of l e t t u c e  seeds may a p a r t  f r om t h e  development o f  b e t t e r  

  re treatments a lso  be d i rec ted  t o  the improvement of seed product ion  and seed 

s torage.  However, above a l l  b r e e d i n g  programs have t o  pay a t t e n t i o n  t o  dor -  

mancy cha rac te r i s t i cs  of new l ines .  



CHAPTER 4 

ENHANCED REDUCTION OF GERMINATION AND VIABILITY DURING STORAGE OF PRETREATED 

LETTUCE SEEDS 



Abstract 

The maximum t e m p e r a t u r e  f o r  50% g e r m i n a t i o n  (T50)  o f  l e t t u c e  s e e d s  C V .  

Mariska  is r a i s e d  by p r e - i n c u b a t i o n  a t  1 5  "C i n  -0.25 MPa PEG. R e d e s i c c a t i o n  

of  p re - incuba ted  s e e d s  c a u s e s  o n l y  a  s l i g h t  d e c r e a s e  o f  T50. S t o r a g e  o f  p re -  

t r e a t e d  s e e d s  d e c r e a s e s  T50 p a r t i c u l a r l y  a t  h i g h e r  t e m p e r a t u r e s  and m o i s t u r e  

c o n t e n t s .  P r o l o n g e d  p r e - i n c u b a t i o n  e n h a n c e s  t h e  s e n s i t i v i t y  t o  s t o r a g e  con- 

d i t i o n s .  The s t o r a g e  t i m e  r e q u i r e d  t o  r e d u c e  g e r m i n a t i o n  a t  a  c e r t a i n  t e s t  

t e m p e r a t u r e  t o  50% (G50) i s  i n t r o d u c e d  a s  an  a n a l o g u e  t o  ~ 5 0 ,  t h e  s t o r a g e  t i m e  

r e q u i r e d  f o r  v i a b i l i t y  t o  f a l l  t o  50%. B o t h  l o g  G50  a n d  l o g  p50 d e c r e a s e  

l i n e a r  t o  l o g  m o i s t u r e  c o n t e n t  o f  t h e  s e e d s ,  t h e  s t o r a g e  t e m p e r a t u r e  i n -  

f l u e n c e s  t h e  d i s t a n c e  between t h e  cu rves .  Va lues  of  G50 and p50, e s t i m a t e d  a t  

22 "C and 20 "C,  r e s p e c t i v e l y ,  and o b t a i n e d  a f t e r  s i m i l a r  s t o r a g e  c o n d i t i o n s  

show a  l i n e a r  r e l a t i o n s h i p .  I t  is conc luded  t h a t  s t o r a g e - i n d u c e d  dormancy and 

l o s s  o f  v i a b i l i t y  a r e  governed by t h e  same b a s i c  p r o c e s s e s .  P r e d i c t a b i l i t y  of 

changes  i n  g e r m i n a t i o n  c a p a c i t y  and v i a b i l i t y  o f  p r e t r e a t e d  l e t t u c e  s e e d s  is 

d i s c u s s e d .  

Introduction 

The g e r m i n a t i o n  o f  s e e d s  o f  s e v e r a l  l e t t u c e  c u l t i v a r s  is i n h i b i t e d  a t  

t e m p e r a t u r e s  exceed ing  23 "C ( c h a p t e r s  2, 3; Gray 1975). Osmot i c  p r e t r e a t m e n t  

of t h e  s e e d s  a t  l o w e r  t e m p e r a t u r e s  h a s  been shown an  e f f e c t i v e  method t o  r a i s e  

t h e  upper  t e m p e r a t u r e  l i m i t  o f  g e r m i n a t i o n  ( c h a p t e r s  2, 3; Guedes & C a n t l i f f e  

1 9 8 0 ) ,  w h i c h  is r e f e r r e d  t o  a s  a n  a l l e v i a t i o n  o f  d o r m a n c y  ( K a r s s e n  1 9 8 2 ) .  

E v i d e n t l y ,  i t  is  o f  g r e a t  p r a c t i c a l  i m p o r t a n c e  t h a t  d u r i n g  s t o r a g e  o f  p r e -  

t r e a t e d  s e e d s  dormancy is n o t  re-induced. I n  g e n e r a l ,  s t u d i e s  on s e e d  s t o r a g e  

h a v e  b e e n  c o n c e n t r a t e d  on  c h a n g e s  i n  v i a b i l i t y ,  l i t t l e  is known a b o u t  t h e  

e f f e c t  o f  s t o r a g e  on  d o r m a n c y  o f  p r e t r e a t e d  s e e d s .  I t  is t h e  a i m  o f  t h e  

p r e s e n t  s t u d y  t o  i n v e s t i g a t e  t h e  e f f e c t  of  d i f f e r e n t  s t o r a g e  c o n d i t i o n s  on t h e  

upper  t e m p e r a t u r e  l i m i t  o f  g e r m i n a t i o n  i n  p r e t r e a t e d  l e t t u c e  seeds .  

E l l i s  & R o b e r t s  ( 1 9 8 0 a )  p r o v i d e d  t h e  t h e o r e t i c a l  f r a m e w o r k  f o r  t h e  i n -  

f l u e n c e  o f  s t o r a g e  on  v i a b i l i t y .  The f i r s t  e q u a t i o n  d e s c r i b e s  t h e  s e e d  s u r -  

v i v a l  c u r v e  i n  t e r m s  of  t h e  v i a b i l i t y  (v,  p r o b i t  p e r c e n t a g e  v i a b i l i t y )  t o  b e  

expec ted  a f t e r  a  g iven  s t o r a g e  p e r i o d  (p,  days )  



w h e r e  o i s  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  seed  

d e a t h s  i n  t i m e ,  and Ki i s  an e n t i t y  d e s c r i b e d  a s  t h e  i n i t i a l  t h e o r e t i c a l  

percentage v i a b i l i t y  wh ich  i s  un ique  t o  each seed l o t  ( E l l i s  & Rober ts  1980b). 

The d i f f e r e n c e s  between seed l o t s  do n o t  a f f e c t  t h e  v a l u e  o f  U . I n  c o n t r a s t ,  

t h e  s t o r a g e  e n v i r o n m e n t  h a s  n o  e f f e c t  on Ki b u t  a f f e c t s  U a c c o r d i n g  t o  t h e  

equa t ion  

l o g  U = KE - CW l o g  m - CHt - cq t2  (2) 

wh ich  e s t i m a t e s  t h e  v a l u e  of U t o  be expected i n  an envi ronment  where seeds 

have a m o i s t u r e  c o n t e n t  o f  m (percent,  f r e s h  we igh t )  and a tempera tu re  t ("C) 

and where KE, CW, CH, and C a r e  cons tan ts  whose va lues a r e  common t o  a l l  seed 4 
l o t s  o f  a  species. Eqns ( l )  and (2) may be combined as f o l l o w s :  

= K - p / 10  KE - CW l o g  - CHt - cqt2 
i (3) 

Prov ided  t h a t  t h e  va lues  o f  t h e  spec ies  cons tan ts  and t h e  seed l o t  cons tan t  Ki 

a r e  known,  eqn ( 3 )  r e n d e r s  t h e  p e r c e n t a g e  v i a b i l i t y  t o  be e x p e c t e d  f o r  t h a t  

s e e d  l o t  a f t e r  any t i m e  when s t o r e d  a t  v a r i o u s  t e m p e r a t u r e s  and m o i s t u r e  

contents .  I t  has been expected t h a t  p r e t r e a t m e n t  o f  a  seed l o t  w i l l  i n f l u e n c e  

t h e  v a l u e  o f  Ki ( E l l i s  & R o b e r t s  1980b) ,  b u t  i t  has  n o t  been d e t e r m i n e d  y e t .  

Therefore, t h i s  s tudy  w i l l  a l s o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  p r e t r e a t m e n t  on 

t h e  p e r c e n t a g e  v i a b i l i t y  a s  p r e d i c t e d  b y  eqn. (3) i n  d i f f e r e n t  s t o r a g e  en- 

v i ronments.  The e f f e c t s  of s t o r a g e  c o n d i t i o n s  on dormancy and v i a b i l i t y  w i l l  

be compared. 

Abbrev ia t ions :  - G50, t h e  s t o r a g e  t i m e  a t  which g e r m i n a t i o n  i s  reduced t o  50%; 

~ 5 ~ ,  t h e  s t o r a g e  t i m e  a t  w h i c h  v i a b i l i t y  i s  r e d u c e d  t o  50%; m, m o i s t u r e  

c o n t e n t  o f  seeds;  T50, t h e  maximum t e m p e r a t u r e  f o r  50% g e r m i n a t i o n ;  PEG, 

p o l y e t h y l e n e  g l y c o l .  

M a t e r i a l  and methods 

Seeds o f  l e t t u c e  ( L a c t u c a  s a t i v a  L.) CV. M a r i s k a ,  h a r v e s t e d  i n  1983, were  

o b t a i n e d  f r o m  Nunhems Zaden, Haelen, The Netherlands. The seeds had an i n i t i a l  



m o i s t u r e  c o n t e n t  of  6.7% and were  s t o r e d  d r y  a t  2-5 "C u n t i l  use .  E x p e r i m e n t s  

were  pe r fo rmed  i n  1985 and 1986. 

S e e d s  w e r e  p r e - i n c u b a t e d  d u r i n g  2  h  o r  1 6  h  a t  1 5  "C.  I t  o c c u r r e d  i n  

p o r t i o n s  o f  2 5  g  s e e d s  i n  2 5 0  m 1  PEG s o l u t i o n  (-0.25 M P ~ )  i n  5 0 0  m 1  f l a s k s .  

O s m o t i c  p o t e n t i a l  o f  t h e  PEG s o l u t i o n  w a s  c a l c u l a t e d  a c c o r d i n g  t o  M i c h e l  

(1983). To e n s u r e  s u f f i c i e n t  oxygen a v a i l a b i l i t y  t o  t h e  s e e d s  t h e  f l a s k s  were  

g e n t l y  shaken i n  a  w a t e r  b a t h  k e p t  a t  1 5  "C. A f t e r  p r e - i n c u b a t i o n  d u r i n g  2  o r  

1 6  h  s e e d s  were  r i n s e d  s e v e r a l  t i m e s  w i t h  500 m 1  o f  d i s t i l l e d  w a t e r  t o  remove 

t h e  PEG. F o r  r e d e s i c c a t i o n  t h e  s e e d s  w e r e  s p r e a d  on  n y l o n  w i r e - n e t t i n g  i n  a  

c l i m a t e  c a b i n e t .  D i f f e r e n t  m o i s t u r e  c o n t e n t  o f  t h e  s e e d s  w a s  r e a c h e d  by  

v a r y i n g  t h e  r e l a t i v e  h u m i d i t y  (r.h.) o f  t h e  c a b i n e t .  

D e s i c c a t i o n  o c c u r r e d  d u r i n g  24 h  a t  2 0  "C, s t a r t i n g  d u r i n g  t h e  8  h  p e r i o d  

of  f l u o r e s c e n t  l i g h t  i n  t h e  c l i m a t e  c a b i n e t .  The c a b i n e t  was  on a  8  h  l i g h t / 1 6  

h  da rk  r eg ime  s i n c e  i t  was a l s o  used  f o r  v i a b i l i t y  t e s t s .  The s e e d s  were  t h e n  

l e f t  t o  e q u i l i b r a t e  i n  an  a i r - t i g h t  c o n t a i n e r  f o r  a n o t h e r  2 4  h  a t  2  "C, a f t e r  

which t h e  a c t u a l  m o i s t u r e  c o n t e n t  was d e t e r m i n e d  by we igh ing  (+ 0.1 mg) a b o u t  

200 mg s e e d s  i n  l i t t l e  v i a l s  b e f o r e  and a f t e r  oven d r y i n g  a t  130  "C d u r i n g  1.5 

hours.  For each  s t o r a g e  t r e a t m e n t  s e e d s  were  d i v i d e d  i n t o  8  t o  1 0  sub- samples  

of  abou t  1 g. Each sub-sample  was s t o r e d  i n  a  g l a s s  v i a l 1 3  m m  i n  d i a m e t e r  and  

55  m m  long. The v i a l s  were  s e a l e d  w i t h  a  t i g h t l y  f i t t i n g  p l a s t i c  l i d .  F i n a l l y ,  

t h e  v i a l s  were  s e a l e d  i n  a  p o l y e t h y l e n e - l i n e d  a lumin ium f o i l  p a c k e t  and t r a n s -  

f e r r e d  t o  e i t h e r  c o o l e d  i n c u b a t o r s  ( G a l l e n k a m p ,  C r a w l e y ,  U.K., T+1 " C )  a t  2 ,  

1 0 ,  1 5 ,  2 2 ,  3 0  o r  3 7  "C, o r  t o  a  w a t e r  b a t h  m a i n t a i n e d  a t  5 5  + 0.5 "C. 

A t  a p p r o p r i a t e  i n t e r v a l s  v i a l s  were  wi thd rawn  f rom t h e  s t o r a g e  t r e a t m e n t s  

and s e e d s  were  removed f o r  g e r m i n a t i o n  t e s t s .  Two k i n d s  o f  g e r m i n a t i o n  t e s t s  

were  performed.  For  dormancy t e s t i n g ,  t r i p l i c a t e s  of  50  s e e d s  were  i n c u b a t e d  

i n  5  cm P e t r i  d i s h e s  on o n e  l a y e r  o f  f i l t e r  p a p e r  ( S c h l e i c h e r  & S c h i j l l  No. 

595) moi s t ened  w i t h  1.5 m 1  d i s t i l l e d  water .  Germina t ion  o c c u r r e d  i n  d a r k n e s s  

a t  d i f f e r e n t  t e m p e r a t u r e s  w h i c h  w e r e  r e a l i z e d  i n  i n c u b a t o r s .  G e r m i n a t i o n ,  

d e f i n e d  a s  t h e  a b i l i t y  o f  t h e  s e e d  t o  p r o d u c e  a  r a d i c l e  o f  m o r e  t h a n  2  m m  
long ,  was coun ted  a f t e r  2  days.  Fo r  v i a b i l i t y  t e s t i n g ,  t r i p l i c a t e s  o f  50  s e e d s  
w e r e  i n c u b a t e d  f o r  3 d a y s  a t  1 0  " C  i n  d a r k n e s s  t o  b r , eak  d o r m a n c y  a n d  t h e r e -  

a f t e r  f o r  7  d a y s  a t  20  "C i n  8  h  f l u o r e s c e n t  l i g h t  a n d  1 6  h  d a r k n e s s  a  d a y .  

The  s e e d s  w e r e  s o w n  u n d e r  a  t r a n s p a r e n t  c o v e r  on  ' s e e d  t e s t  t h i c k '  f i l t e r  

p a p e r  ( ~ c h u t ,  Heelsum, The Ne the r l ands ,  0.5 m m  t h i c k ) ,  which was k e p t  wet by a  

f i l t e r  Pape r  b r i d g e  hanging i n  d i s t i l l e d  wa te r .  A f t e r  7  d a y s  a b n o r m a l i t i e s  i n  



s e e d l i n g  g rowth  were recorded (ISTA, 1976). I n  one exper iment  seeds r e c e i v e d  a 

5 m i n u t e s  dose o f  r e d  l i g h t  f rom 6 r e d  f l u o r e s c e n t  tubes ( P h i l i p s  TL 20W/15) 

f i l t e r e d  by  3 mm p l e x i g l a s s  ( r e d  501, Rohm & Haas, D a r m s t a d t ,  G.F.R.), t h e  

l i g h t  i n t e n s i t y  a t  seed l e v e l  b e i n g  250 ~ ~ . c m - ~ .  

Results 

The s tandard  p r e t r e a t m e n t  i n v o l v e d  p re - incuba t ion  i n  -0.25 MPa PEG a t  15 "C 

d u r i n g  1 6  h f o l l o w e d  by r e d e s i c c a t i o n  t o  v a r i o u s  m o i s t u r e  contents .  C o n t r o l  

s e e d s  w e r e  p r e - i n c u b a t e d  d u r i n g  2 h and t h e n  r e d e s i c c a t e d  t o  a s c e r t a i n  a 

s i m i l a r  m o i s t u r e  con ten t  i n  pre- incubated and c o n t r o l  seeds a t  t h e  b e g i n n i n g  

o f  s torage.  The e f f e c t s  of 2  h and 16 h p re - incuba t ion  on t h e  maximum tempera- 

t u r e  o f  g e r m i n a t i o n  were compared t o  u n t r e a t e d  seeds (Fig. 1). 

T50 Temperature, c 

Fig. 1. I n f l u e n c e  of l i g h t  and p r e t r e a t m e n t  on g e r m i n a t i o n  o f  l e t t u c e  
seeds CV. Mar i ska  a t  v a r i o u s  temperatures. Seeds were e i t h e r  sown d i -  
r e c t l y  a t  t h e  i n d i c a t e  t e m p e r a t u r e s  i n  d a r k n e s s  ( m )  o r  w i t h  5 m i n  
r e d  l i g h t  1 h a f t e r  s t a r t  o f  i m b i b i t i o n  (D ) ,  o r  pre- incubated a t  15 
"C i n  -0.25 MPa PEG i n  d a r k n e s s  d u r i n g  2 h ( 0 )  o r  1 6  h ( V )  and 
r e d e s i c c a t e d  t o  9.6% m o i s t u r e  c o n t e n t  d u r i n g  24 h i n  a c l i m a t e  
c a b i n e t  a t  a  8 h l i g h t / 1 6  h dark  regime. 



When s e e d s  of  CV. Mariska  were  d i r e c t l y  sown a t  t h e  d i f f e r e n t  test  t empera -  

t u r e s  i n  d a r k n e s s  50% g e r m i n a t i o n  o c c u r r e d  a t  25 "C (T50). However, s i n c e  a  8 

h  p h o t o p e r i o d  w a s  p a r t  o f  t h e  r e d e s i c c a t i o n  p e r i o d  o f  p r e - i n c u b a t e d  s e e d s ,  

s e e d s  t h a t  had been i r r a d i a t e d  w i t h  r e d  l i g h t  were  a  b e t t e r  compar i son  f o r  t h e  

c o n t r o l  s eeds .  Indeed,  t h e  T50 v a l u e s  of  u n t r e a t e d  s e e d s  i r r a d i a t e d  d u r i n g  5  

m i n  w i t h  r e d  l i g h t  c a m e  v e r y  c l o s e  t o  c o n t r o l  s e e d s  t h a t  h a d  b e e n  p r e -  

i n c u b a t e d  d u r i n g  2  h  a n d  r e d r i e d ,  b e i n g  26.6 a n d  27.3 "C, r e s p e c t i v e l y  ( F i g .  

1). Pre - incuba t ion  d u r i n g  1 6  h  and r e d e s i c c a t i o n  t o  9.6% m o i s t u r e  r e s u l t e d  i n  

a  T50 o f  3 0  'C. I t  h a s  b e e n  s h o w n  b e f o r e  ( c h a p t e r  3 )  t h a t  r e d r y i n g  o f  p r e -  

i n c u b a t e d  s e e d s  caused  i n  s e e d s  o f  CV. Mar i ska  o n l y  a s l i g h t  r e d u c t i o n  of  t h e  

b e n e f i c i a l  e f f e c t  o f  a  p r e - i n c u b a t i o n .  The d e g r e e  t o  w h i c h  t h e  s e e d s  w e r e  

r e d r i e d  was i n s i g n i f i c a n t  i n  t h i s  c u l t i v a r  ( d a t a  n o t  shown). 

D u r i n g  s t o r a g e  o f  s e e d s  p r e - i n c u b a t e d  f o r  16  h  a t  1 5  "C a n d  d r i e d  t o  9.7% 

m o i s t u r e  c o n t e n t  T50 d e c r e a s e d  ( F i g .  2).  A d e c r e a s e  o f  T50  w a s  a l s o  o b s e r v e d  

a f t e r  p r e - i n c u b a t i o n  d u r i n g  2  h ,  d e s i c c a t i o n  t o  o t h e r  m o i s t u r e  c o n t e n t s  o r  

s t o r a g e  a t  o t h e r  t e m p e r a t u r e s .  P l o t t i n g  o f  T50 a g a i n s t  s t o r a g e  t i m e  s h o w e d  

t h a t  t h e  T50 o f  p r e t r e a t e d  s e e d s  d e c r e a s e d  f a s t e r  t h a n  t h o s e  o f  t h e  2  h  

c o n t r o l ,  d e s p i t e  t h e  h i g h e r  i n i t i a l  T50 v a l u e  (Fig.  3). 

L ,  I l ,  I I 0 I 

22 24 
I 
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Fig. 2. I n f l u e n c e  o f  s t o r a g e  t i m e  o f  p r e t r e a t e d  l e t t u c e  s e e d s  CV.  

Mariska  on g e r m i n a t i o n  a t  v a r i o u s  t e m p e r a t u r e s .  The s e e d s  were  p r e -  
i n c u b a t e d  d u r i n g  1 6  h  a t  1 5  "C i n  -0.25 MPa PEG i n  d a r k n e s s ,  r e -  
d e s i c c a t e d  t o  9.7% m o i s t u r e  c o n t e n t  o f  a n d  s t o r e d  a t  2 2  "C d u r i n g  0  
(o), 3 4  ( A ) ,  6 2  (O), 8 4  ( V )  o r  1 0 2  ( 0 )  d a y s .  The e s t i m a t i o n  o f  
T50 is i n d i c a t e d .  
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Fig. 3. I n f l u e n c e  of  p r e t r e a t m e n t  of  l e t t u c e  s e e d s  CV. Mar i ska  on t h e  
d e c r e a s e  of  T50 d u r i n g  s t o r a g e .  The s e e d s  were  p re - incuba ted  a t  1 5  " C  
i n  PEG (-0.25 MPa) d u r i n g  2  h  ( o p e n  s y m b o l s )  o r  1 6  h  ( c l o s e d  
symbol s ) ,  r e d e s i c c a t e d  t o  t h e  m o i s t u r e  c o n t e n t  i n d i c a t e d  b e s i d e  t h e  
c u r v e s  a n d  s t o r e d  a t  5 5  "C. The T50 v a l u e s  w e r e  d e t e r m i n e d  a s  i n -  
d i c a t e d  i n  F i g .  2. 

The d e c r e a s e  of  T50 was r e t a r d e d  when t h e  s e e d s  had a  l o w e r  m o i s t u r e  c o n t e n t .  

T O  compare  d i f f e r e n t  s t o r a g e  c o n d i t i o n s  i t  was c o n v e n i e n t  t o  know a f t e r  what 

s t o r a g e  t i m e  g e r m i n a t i o n  was reduced t o  50% (G50). The d e t e r m i n a t i o n  o f  G50 is 

d e p i c t e d  i n  F i g .  4. I t  is s h o w n  t h a t  a t  a  c e r t a i n  m o i s t u r e  c o n t e n t  G 5 0  de -  

pended b o t h  on s t o r a g e  time and t e m p e r a t u r e  d u r i n g  g e r m i n a t i o n .  G50 was i n -  

t r o d u c e d  a s  an  a n a l o g u e  t o  p50, t h e  s t o r a g e  t i m e  t a k e n  f o r  v i a b i l i t y  t o  f a l l  

t o  50%. The f o l l o w i n g  e q u a t i o n  can  be d e r i v e d  from Eqn (31, i f  i t  is r e a l i z e d  

t h a t  p r o b i t  50:; e q u a l s  z e r o :  

l o g  p 5 ~  = 1 0 9  (Ki) + K E  - C W  l o g  m - C H t  - c p t 2  ( 4 )  

Eqn ( 4 )  p r e d i c t s  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  l o g  p50 a n d  l o g  m ( m o i s t u r e  

c o n t e n t )  is l i n e a r .  S u b s t i t u t i n g  G50 f o r  p50 r e n d e r s  t h e  p o s s i b i l i t y  t o  ana- 

l y z e  t h e  i n f l u e n c e  of  m o i s t u r e  c o n t e n t  and s t o r a g e  t e m p e r a t u r e  on t h e  d e c r e a s e  
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F i g .  4. R e d u c t i o n  of  g e r m i n a t i o n  a t  d i f f e r e n t  t e m p e r a t u r e s  a s  
func t ion  of s t o r a g e  t i m e  s e e d s  were pre- incubated dur ing  1 6  h  a t  1 5  
" C  i n  -0.25 MPa PEG i n  d a r k n e s s ,  r e d e s i c c a t e d  t o  9.7% m o i s t u r e  
con ten t  and s t o r e d  f o r  d i f f e r e n t  p e r i o d s  of  t i m e  a t  22 "C. Germina- 
t i o n  of  s t o r e d  s e e d s  was  t e s t e d  a t  2 2  (O), 2 4  ( V  ), 26 ( A ) ,  2 8  ( ) 
or  30 " C  (0). The e s t i m a t i o n  of G50 is i n d i c a t e d .  

of T50. I n  Fig. 5  l o g  G50 d a t a  ob ta ined  a t  a  germina t ion  t e m p e r a t u r e  of  26 " C  

w i t h  s e e d s   retreated f o r  2  h  o r  1 6  h  w e r e  p l o t t e d  a g a i n s t  l o g  m o i s t u r e  

con ten t  dur ing  s t o r a g e .  Although t h e s e  d a t a  d i d  no t  comple te ly  f i t  w i t h  l i n e a r  

curves  we concluded p r o v i s i o n a l l y  t o  a  l i n e a r  r e l a t i o n s h i p  between l o g  G50 and 

l o g  m. I n  a c c o r d a n c e  w i t h  Eqn (4)  t h e  t e m p e r a t u r e  ( t )  d u r i n g  s t o r a g e  i n -  

f l u e n c e d  t h e  d i s t a n c e  b e t w e e n  t h e  c u r v e s  (F ig .  5) .  The s l o p e s  o f  t h e  c u r v e s  

depended  on t h e  s p e c i e s  c o n s t a n t  C W  (Eqn 4 )  and was,  i n d e e d ,  s e e n  t o  b e  

independent of s t o r a g e  temperature.  Only one p o i n t ,  i n d i c a t e d  w i t h  an a r i t h m e -  

t i c ,  was i n  c o n t r a s t  wi th  t h i s  conclusion.  A t  t h e  s t o r a g e  t e m p e r a t u r e s  30 " C  

and 37 " C  a  p r e - i n c u b a t i o n  of  1 6  h  r e s u l t e d  i n  l o w e r  G50 v a l u e s  t h a n  a  2  h  

c o n t r o l  t rea tment .  A t  55 " C  such a  d i f f e r e n c e  was not  seen. 



Fig.  5. I n f l u e n c e  of p r e t r e a t m e n t  of l e t t u c e  seeds  CV. Mariska on t h e  
r e l a t i o n s h i p  between seed  mois ture  con ten t  and t h e  s t o r a g e  t i m e  taken 
f o r  g e r m i n a t i o n  a t  26 " C  t o  f a l l  t o  50% ( ~ 5 , ~ ) .  S e e d s  were  p r e -  
incuba ted  dur ing  2 h (open symbols) o r  1 6  h (c losed  symbols) a t  1 5  " C  
i n  -0.25 MPa PEG i n  d a r k n e s s ,  r e d e s i c c a t e d  t o  d i f f e r e n t  m o i s t u r e  
c o n t e n t  a t  22 " C ,  s t o r e d  a t  22  "C (0 +),  3 0  " C  (0 B), 37 " C  ( A  A ) ,  
or 55 " C  ( 0  @) and germina ted  a t  26 "C. 

I n  a n a l o g y  t o  F i g s .  4 and 5 we a l s o  d e t e r m i n e d  t h e  i n f l u e n c e  o f  s t o r a g e  

c o n d i t i o n s  on p50. 'Normal1  g e r m i n a t i o n  was  u s e d  a s  c r i t e r i o n  f o r  v i a b i l i t y  

( E l l i s  & Roberts  1981). Germinet ion was c a l l e d  'normal1 when dur ing  7 days a t  

20 " C  i n  a  d i u r n a l  8  h l i g h t / 1 6  h dark regime s e e d l i n g s  developed wi thout  any 

v i s i b l e  a b n o r m a l i t y  i n  a n y  p a r t ,  e x c e p t  f o r  minor  o n e s  a l l o w e d  u n d e r  ISTA 

r u l e s  (1985).  
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Fig. 6. I n f l u e n c e  o f  p r e t r e a t m e n t  of l e t t u c e  seeds CV. Mar i ska  on t h e  
r e l a t i o n s h i p  between seed m o i s t u r e  c o n t e n t  and t h e  s t o r a g e  t i m e  taken  
f o r  t h e  number o f  n o r m a l  s e e d l i n g s  t o  f a l l  t o  50% (p50). See f o r  
c o n d i t i o n s  o f  p r e - i n c u b a t i o n ,  r e d e s i c c a t i o n  a n d  s t o r a g e  F i g .  5. 
' N o r m a l '  g e r m i n a t i o n  was d e t e r m i n e d  a f t e r  7  days  a t  20 " C  i n  8  h  
l i g h t / 1 6  h  dark  regime, preceded by 3 days a t  10 " C  i n  darkness. See 
t e x t  f o r  e x p l a n a t i o n  o f  broken Lines. 

V a l u e s  o f  p50 w e r e  d e t e r m i n e d  a t  t h e  same s t o r a g e  c o n d i t i o n s  a s  G50,  and  

a c c o r d i n g l y  l o g  p50  was p l o t t e d  a g a i n s t  l o g  m  ( F i g .  6).  I t  was a t t e m p t e d  t o  

f i t  t h e s e  d a t a  w i t h  Eqn 4. V a l u e s  f o r  t h e  f o u r  s p e c i e s  c o n s t a n t s  o f  l e t t u c e  

seeds  were  d e t e r m i n e d  b y  K r a a k  & Vos (1987): KE = 8.218, C W  = 4.797, C H  = 
0.0489 and CQ = 0.000365. U n f o r t u n a t e l y  our  d a t a  were i n s u f f i c i e n t l y  d e t a i l e d  



t o  a l l o w  a  r e l i a b l e  c a l c u l a t i o n  o f  K i  f o r  p r e - i n c u b a t i o n s  d u r i n g  2  and 1 6  h. 

T h e r e f o r e ,  K i  w a s  e s t i m a t e d .  I t  is shown i n  F i g .  6 t h a t  t h e  p50  v a l u e s  o f  

s e e d s  t h a t  h a d  b e e n  p r e - i n c u b a t e d  d u r i n g  2  h  f i t t e d  r e a s o n a b l y  w e l l  w i t h  

c u r v e s  c a l c u l a t e d  w i t h  a  K i  v a l u e  o f  3.5 ( b r o k e n  l i n e s ) .  S u c h  a  v a l u e  o f  K i  

p o i n t e d  t h e o r e t i c a l l y  t o  a n  i n i t i a l  v i a b i l i t y  o f  99.9%. When t h e  s e e d s  w e r e  

p r e - i n c u b a t e d  d u r i n g  1 6  h  t h e  v a l u e s  o f  p50 a t  t h e  s t o r a g e  t e m p e r a t u r e s  5 7 ,  

3 0 ,  a n d  2 2  "C s h i F t e d  f o r  r o u g h l y  t h e  s a m e  d i s t a n c e  t o  l o w e r  v a l u e s  o f  Log 

A t  a  s t o r a y e  t e m p e r a t u r e  of  5 5  " C  such  a  s h i f t  d i d  n o t  occur .  

F i n a l l y ,  we s t u d i e d  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  c h a n g e s  i n  p50 a n d  G 5 0  

d u r i n g  s t o r a g e .  C o m p a r i s o n  o f  t h e  d a t a  i n  F i g s .  5  a n d  6  l e a r n e d  t h a t  a t  

s i m i l a r  s t o r a g e  t e m p e r a t u r e s  G50 w a s  l o w e r  t h a n  ~ 5 0 .  I t  h a s  t o  b e  r e a l i z e d  

h o w e v e r ,  t h a t  G50 w a s  d e t e r m i n e d  a t  26  "C a n d  p50 a t  20  "C. T h e r e f o r e ,  G5,, 

v a l u e s  were  a l s o  d e t e r m i n e d  a t  22 "C, 24 "C, and 28 "C and p l o t t e d  a g a i n s t  l oy  

p50 ( F i g .  7 ) .  

Log Cs0, days 

Fig.  7. R e l a t i o n s h i p  b e t w e e n  l o g  p5 and  l o g  G50 o f  p r e t r e a t e d  a n d  
s t o r e d  l e t t u c e  s e e d s  C V .  M a r i s k a .  A e  c u r v e s  w e r e  c o n s t r u c t e d  by 
p l o t t i n g  v a l u e s  OF p50 ( F i g .  6 )  t o  v a l u e s  o f  G ( F i g .  5 )  o b t a i n e d  
a f t e r  t h e  same  s t o r a g e  c o n d i t i o n .  p5 was a lways5$etermined a t  20 'C ,  
G a t  e i t h e r  2 2  "C ( m  ), 2 4  "C (0 P, 2 6  "C ( A )  o r  2 8  "C (0). V a l u e s  
o z f a i n e d  a t  o n e  g e r m i n a t i o n  t e m p e r a t u r e  a n d  a t  t h e  s a m e  s t o r a g e  
t e m p e r a t u r e  a r e  connected.  p r e - i n c u b a t i o n  o c c u r r e d  d u r i n g  2  h  (A)  o r  
1 6  h  ( B )  a t  15 "C i n  -0.25 MPa PEG, i n  d a r k n e s s .  



E v i d e n t l y ,  l o g  G 5 0  a n d  l o g  p50 s h o w e d  a  l i n e a r  r e l a t i o n s h i p  f o r  b o t h  p r e -  

i n c u b a t i o n  p e r i o d s ,  and a l l  t e s t - t e m p e r a t u r e s  o f  G50. A t  t h e  t e s t - t e m p e r a t u r e s  

28 'C and 26 " C  G50 was a l w a y s  l o w e r  t h a n  ~ 5 0 ,  a t  22 " C  G50 e q u a l e d  p50 a t  a l l  

s t o r a g e  c o n d i t i o n s  whereas  24 " C  took  a  p o s i t i o n  between t h e s e  two  e x t r e m e s .  

T h i s  o b s e r v a t i o n  means t h a t  f o r  t h i s  s e e d  l o t  a t  22 "C p50 and G50 w i l l  depend 

on t h e  same  v a l u e s  of t h e  s p e c i e s  c o n s t a n t s  and t h e  s e e d l o t  c o n s t a n t  Ki.  S i n c e  

we c o u l d  p r e d i c t  f o r  s e e d s  t h a t  had been p re - incuba ted  d u r i n g  2  h  (Fig .  6)  

i t  c a n  a l s o  b e  d o n e  f o r  t h e  G50 a t  2 2  "C.  

Discussion 

The p r e s e n t  d a t a  c l e a r l y  showed t h a t  d u r i n g  s t o r a g e  of  p r e t r e a t e d  l e t t u c e  

s e e d s  t h e  b e n e f i c i a l  e f f e c t s  of  t h e  p r e t r e a t m e n t  were  g r a d u a l l y  l o s t ,  dormancy 

w a s  r e - i n d u c e d  ( F i g .  2). H igh  t e m p e r a t u r e s  and m o i s t u r e  c o n t e n t s  s t i m u l a t e d  

t h e  d e c r e a s e  o f  T50 ( F i g s .  3 ,  5 ) .  I n t e r e s t i n g l y ,  t h e  l o s s  o f  v i a b i l i t y  o f  t h e  

p r e t r e a t e d  s e e d s  w a s  e n h a n c e d  by t h e  s a m e  s t o r a g e  c o n d i t i o n s  ( ~ i g .  6 ) .  The 

d e c r e a s e  of  t h e  p a r a m e t e r s  G50 and p50 showed a  l i n e a r  r e l a t i o n s h i p  (Fig .  7 ) .  

T h e r e f o r e ,  i t  is s t r o n g l y  s u g g e s t e d  by t h e  p r e s e n t  r e s u l t s  t h a t  t h e  s t o r a g e -  

i n d u c e d  i n d u c t i o n  o f  d o r m a n c y  a n d  l o s s  o f  v i a b i l i t y  o f  p r e t r e a t e d  l e t t u c e  

s e e d s  a r e  governed by t h e  same b a s i c  p rocesses .  I n  c o n t r a s t ,  E l l i s  and R o b e r t s  

(1981) conc luded  from e x p e r i m e n t s  w i t h  6  r i c e  c u l t i v a r s ,  t h a t  t h e  r e l e a s e  o f  

dormancy d u r i n g  s t o r a g e  was n o t  r e l a t e d  t o  t h e  l o s s  o f  v i a b i l i t y .  A r e l a t i o n -  

s h i p  t o  t h e  i n d u c t i o n  o f  d o r m a n c y  was  n o t  s t u d i e d ,  h o w e v e r .  I n  g e n e r a l ,  i n -  

d u c t i o n  o f  d o r m a n c y  i s  r e g a r d e d  a s  a  r e v e r s i b l e  p r o c e s s  a n d  t h e  l o s s  o f  

v i a b i l i t y  a s  i r r e v e r s i b l e .  I t  w i l l  be  shown i n  c h a p t e r  5  t h a t  T50 o f  l e t t u c e  

s e e d s  CV. M u s e t t e  s u b s e q u e n t l y  c a n  b e  i n c r e a s e d  by  p r e - i n c u b a t i o n  a t  1 5  "C, 

d e c r e a s e d  by d e s i c c a t i o n  and i n c r e a s e d  a g a i n  by renewed i n c u b a t i o n  a t  l o w e r  

t e m p e r a t u r e s .  

Our p r e s e n t  e x p e r i m e n t s  do n o t  p e r m i t  c o n c l u s i o n s  a b o u t  t h e  n a t u r e  o f  t h e  

p r o c e s s e s  t h a t  c a u s e  t h e  s t o r a g e - i n d u c e d  i n d u c t i o n  o f  d o r m a n c y  a n d  l o s s  o f  

v i a b i l i t y .  F u r t h e r  a n a l y s e s  of  t h e  mechanisms t h a t  r e g u l a t e  t h e  changes  i n  T50 

( c h a p t e r s  5 ,  6 ,  7) w i l l  be  of some h e l p ,  however. 

The p o s s i b i l i t y  t o  p r e d i c t  t h e  d e c r e a s e  o f  G50 d u r i n g  s t o r a g e  o f  p r e t r e a t e d  

l e t t u c e  s e e d s  would b e  of  g r e a t  p r a c t i c a l  use.  U n f o r t u n a t e l y ,  o u r  p r e s e n t  d a t a  

a r e  i n s u f f i c i e n t l y  d e t a i l e d  t o  p r o v e  t h a t  t h e  d i s t r i b u t i o n  o f  d o r m a n c y  i n -  



d u c t i o n  (Fig .  5 )  had t h e  same s h a p e  a s  t h e  s u r v i v a l  c u r v e s  (Fig .  6). A d d i t i o n -  

a l  e x p e r i m e n t s  e.g. i n  t h e  f o r m  o f  t h e  a c c e l e r a t e d  a g e i n g  t e s t  ( E l l i s  & 

R o b e r t s  1 9 8 1 )  a r e  r e q u i r e d  t o  o b t a i n  f i r m  d a t a  on  t h e  s e e d l o t  c o n s t a n t  K i .  

Knowledge o f  K i  i n  c o m b i n a t i o n  w i t h  t h e  s p e c i e s  c o n s t a n t  o f  l e t t u c e  (Kraak & 

Vos 1987)  m i g h t  e n a b l e  t h e  p r e d i c t i o n  o f  dormancy i n d u c t i o n  d u r i n g  s t o r a g e  o f  

p r e t r e a t e d  l e t t u c e  s e e d s .  

Our d a t a  c l e a r l y  show t h a t  p ro longed  p r e - i n c u b a t i o n  o f  l e t t u c e  s e e d s  made 

t h e m  m o r e  v u l n e r a b l e  t o  s t o r a g e  c o n d i t i o n s  ( F i g s . 3 ,  5 ,  6 ) .  T h u s ,  p r e t r e a t e d  

s e e d s  h a v e  t o  b e  s t o r e d  e v e n  m o r e  c a r e f u l ,  a t  l o w e r  t e m p e r a t u r e  a n d  l o w e r  

m o i s t u r e  c o n t e n t ,  t h a n  u n t r e a t e d  s e e d s  t o  r e t a i n  h i g h  q u a l i t y .  





CHAPTER 5 

THE INFLUENCE OF REDESICCATION ON DORMANCY AND K+ LEAKAGE OF PRE-INCUBATED 

LETTUCE SEEDS 



A b s t r a c t  

The maximum t e m p e r a t u r e  a t  w h i c h  5 0 2  o f  l e t t u c e  s e e d s  C V .  M u s e t t e  g e r -  

m i n a t e s  (T50) s h i f t s  t o  h i g h e r  v a l u e s  by p r e - i n c u b a t i o n  i n  w a t e r  a t  1 5  "C. 

When p r e - i n c u b a t e d  s e e d s  a r e  r e d r i e d  t o  m o i s t u r e  c o n t e n t s  b e l o w  1 0 2  t h e  

g r e a t e r  p a r t  of t h e  r i s e  i n  T5,, is l o s t  again .  A method is d e v e l o p e d  t o  r e d r y  

s e e d s  t o  d i f f e r e n t  m o i s t u r e  c o n t e n t  a b o v e  v a r i o u s  s a t u r a t e d  s a l t  s o l u t i o n s  

e s t a b l i s h i n g  a  r a n g e  o f  r e l a t i v e  h u m i d i t i e s .  The d e c r e a s e  o f  T 5 0  i s  m a i n l y  

d e t e r m i n e d  by t h e  r e l a t i v e  h u m i d i t y  a t  which s e e d s  a r e  r e d r i e d ,  w h e r e a s  t h e  

r a t e  o f  r e d e s i c c a t i o n  a n d  t h e  t e m p e r a t u r e  d u r i n g  d r y i n g  a r e  o f  m i n o r  i m -  

po r t ance .  The changes  i n  T5,, a r e  r e v e r s i b l e ,  t h e y  e x p r e s s  c h a n g e s  i n  t h e  l e v e l  

o f  dormancy. Measurements  of  K+ l e a k a g e  show t h a t  f r e s h l y  i m b i b e d  s e e d s  l o o s e  

d u r i n g  t h e  f i r s t  h o u r s  o f  i m b i b i t i o n  K+ f rom t h e  f r u i t -  and s e e d  w a l l .  Pre- 

i n c u b a t e d  s e e d s ,  w i t h  o r  w i t h o u t  d e s i c c a t i o n ,  do n o t  l o o s e  K+ i n  w a t e r  f o l l o w -  

i n g  p re - incuba t ion .  The s e e d s  c o n t a i n  a  K+ impermeab le  l a y e r  i n  t h e  s e e d  en- 

ve lope ,  which is most p robab ly  formed by t h e  endosperm c e l l s .  I t  p r e v e n t s  b o t h  

K+ l e a k a g e  f r o m  t h e  e m b r y o  a n d  K+ u p t a k e  i n t o  t h e  e m b r y o .  D e h y d r a t i o n  o f  

i s o l a t e d  embryos  i n c r e a s e s  K+ l e a k a g e ,  p a r t i c u l a r l y  a t  low m o i s t u r e  l e v e l s .  I t  

is conc luded  t h a t  t h e  c a p a c i t y  t o  g e r m i n a t e  a t  h i g h e r  t e m p e r a t u r e s  is somehow 

f i x e d  i n  h y d r a t e d  u l t r a s t r u c t u r e s ,  b e i n g  p o s s i b l y  membranes. 

I n t r o d u c t i o n  

P r e t r e a t m e n t  o f  s e e d s  d i r e c t e d  t o  i m p r o v e m e n t  of  g e r m i n a t i o n  c h a r a c t e r -  

i s t i c s  i s  f r e q u e n t l y  more  a p p l i e d i n  h o r t i c u l t u r e .  P r i m i n g  o f  s e e d s  m o s t l y  

i n v o l v e s  a  p e r i o d  of  p r e - i n c u b a t i o n  i n  w a t e r  o r  some o s m o t i c  s o l u t i o n ,  some- 

t i m e s  e n r i c h e d  w i t h  p romot ive  compounds, a t  l o w e r  t e m p e r a t u r e s  v a r y i n g  f rom 2 

t o  2 0  " C  ( H e y d e c k e r  C o o l b e a r  1 9 7 7 ) .  I n  l e t t u c e ,  p r e t r e a t m e n t  o f  s e e d s  i s  

r e q u i r e d  t o  r a i s e  t h e  upper  t e m p e r a t u r e  limit of  g e r m i n a t i o n ,  which i n  many 

c u l t i v a r s  is t o o  l o w  t o  g u a r a n t e e  c u l t i v a t i o n  a t  a  w i d e  r a n g e  o f  c u l t u r e  

c o n d i t i o n s .  

Fo l lowing  p r e - i n c u b a t i o n  s e e d s  have t o  b e  d r i e d  back t o  p e r m i t  s e e d  hand l -  

i n g  and s t o r a g e .  U n f o r t u n a t e l y ,  t h e  b e n e f i c i a l  e f f e c t s  o f  p r e - i n c u b a t i o n  a r e  
o f t e n  a n t a g o n i z e d  by t h e  r e d e s i c c a t i o n  p r o c e s s  ( G u e d e s  & C a n t l i f f e  1 9 8 0 ) .  



D r y i n g  a t  1 5  " C  w a s  s h o w n  t o  b e  l e s s  d e l e t e r i o u s  t h a n  a t  3 0  "C i n  s e e d s  o f  

c e l e r y ,  c a r r o t  and on ion  ( B r o c k l e h u r s t  & Dearman 1983). 

I t  is s u g g e s t e d  t h a t  d r y i n g  c a u s e s  d i s r u p t i o n  o f  membranes s i n c e  d r y  s e e d s  

l e a k  s o l u t e s  i n t o  l i q u i d  medium (Bewley 1979). P re - incuba ted  pea embryos  l e a k  

a f t e r  r e d e s i c c a t i o n  i n  a  s i m i l a r  way a s  embryos from u n t r e a t e d  s e e d s  (Simon & 

Harun  1 9 7 2 ) .  I t  i s  t h e  a i m  o f  t h e  p r e s e n t  s t u d y  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  

r e d e s i c c a t i o n  on  p r e - i n c u b a t e d  l e t t u c e  s e e d s  i n  m o r e  d e t a i l .  S e e d s  w i l l  b e  

d r i e d  a t  d i f f e r e n t  r a t e s  and t o  d i f f e r e n t  f i n a l  m o i s t u r e  l e v e l s .  The e f f e c t  o f  

r e d e s i c c a t i o n  on  m e m b r a n e  i n t e g r i t y  w i l l  b e  t e s t e d  by m e a s u r e m e n t  o f  K+ 

l e a k a g e  and K+ up take .  

A b b r e v i a t i o n s :  - r.h., r e l a t i v e  h u m i d i t y ;  T50, maximum t e m p e r a t u r e  o f  ge rmina -  

t i o n .  

M a t e r i a l  and me thods  

Seed m a t e r i a l  and g e r m i n a t i o n  c o n d i t i o n s  

Seeds  o f  l e t t u c e  CV.  M u s e t t e  were  o b t a i n e d  f rom Enza Zaden, Enkhuizen, The 

N e t h e r l a n d s .  Mos t  e x p e r i m e n t s  w e r e  p e r f o r m e d  w i t h  b a t c h  8 2 8 8 9 ;  f o r  o n e  ex -  

p e r i m e n t  we u s e d  s e e d  l o t  82985.  The s e e d s  w e r e  h a r v e s t e d  i n  1 9 8 2  a n d  w e r e  

s t o r e d  d r y  a t  5  " C .  E x p e r i m e n t s  w e r e  p e r f o r m e d  i n  1 9 8 4 ,  1 9 8 5 ,  a n d  1986 .  

T r i p l i c a t e s  o f  50  s e e d s  were  sown i n  5 cm P e t r i  d i s h e s  on one  l a y e r  o f  f i l t e r  

p a p e r  ( S c h l e i c h e r  & S c h i j l l  No. 5 9 5 )  m o i s t e n e d  w i t h  1.5 m 1  d i s t i l l e d  w a t e r .  

P r e - i n c u b a t i o n  o c c u r r e d  a t  1 5  " C  i n  da rkness .  A f t e r  p r e - i n c u b a t i o n  s e e d s  were  

s u r f a c e - d r i e d  by s u c t i o n  i n  a  Bijchner f u n n e l  and t r a n s f e r r e d  t o  f r e s h  f i l t e r  

p a p e r  i n  a n o t h e r  P e t r i  d i s h .  T h e r e a f t e r ,  t h e  s e e d s  w e r e  t r a n s f e r r e d  t o  g e r -  

m i n a t i o n  c o n d i t i o n s  a f t e r  m o i s t e n i n g  t h e  f i l t e r  pape r  w i t h  1.5 m 1  d i s t i l l e d  

w a t e r ,  w i t h  o r  w i t h o u t  a  p r e c e d i n g  r e d e s i c c a t i o n  t r e a t m e n t .  Germina t ion  occur -  

r e d  i n  a l l  e x p e r i m e n t s  i n  d a r k n e s s  a t  d i f f e r e n t  t e m p e r a t u r e s  w h i c h  w e r e  

r e a l i z e d  i n  c o o l e d  i n c u b a t o r s  (Gallenkamp, Crawley,  U.K., Tkl "C). Germina t ion  

Was c o u n t e d  a f t e r  2 d a y s  o f  i n c u b a t i o n  a t  t h e  g e r m i n a t i o n  c o n d i t i o n s .  A l l  

m a n i p u l a t i o n s  were  conduc ted  i n  dim g r e e n  l i g h t  o b t a i n e d  by f i l t e r i n g  i r r a d i a -  



t i o n  from one g r e e n  f l u o r e s c e n t  t u b e  ( P h i l i p s  TL 40Wj17) throucjh 2 l a y e r s  o f  

y e l l o w  no. 4 6  a n d  2 l a y e r s  o f  b l u e  no. 6 2  C i n e m o i d  f i l t e r s  ( S t r a n d  t . l e c t  r i c ,  

London,  U.K.).  

Drying c o n d i t i o n s  

S e e d s  w e r e  d r i e d  b a c k  i n  a  h y g r o s t a t  b a s e d  on t h e  p r i n c i p l e  t h a t  a  s a -  

t u r a t e d  s a l t  s o l u t i o n  is i n  e q u i l i b r i u m  w i t h  a  known r e l a t i v e  h l ~ l n i d i t y  (r.h.1 

( F i g .  1 ) .  S u r f a c e - d r i e d  s e e d s  i n  P e t r i  d i s h e s  w e r e  p l a c e d  i n  t h e  h y g r o s t a t  

u n t i l  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s e e d s  w a s  i n  e q u i l i b r i u m  w i t h  t h e  r .h .  o f  

t h e  a t m o s p h e r e .  The h y g r o s t a t  w a s  u s e d  i n  a l l  e x p e r i m e n t s  e x c e p t  f o r  o n e  i n  

which t h e  i n f l u e n c e  of t e m p e r a t u r e  on t h e  d r y i n g  p r o c e s s  was t e s t e d .  Drying i n  

t h e  l a t t e r  expe r imen t  was pe r fo rmed  i n  a  c l i m a t e  c a b i n e t  (Heraeus  Votsch)  s e t  

a t  d i f f e r e n t  t e m p e r a t u r e s  a n d  r.h., i n  f l u o r e s c e n t  l i g h t .  A R o t r o n i c  h y g r o -  

s c o p e  G T - L  (5 2% r.h., R o t r o n i c  A G ,  Z i i r i c h ,  S w i t z e r l a n d )  w a s  u s e d  t o  m e a s u r e  

Fig.  1. Scheme o f  t h e  h y g r o s t a t .  The h y g r o s t a t  c o n s i s t s  o f  a  p l a s t i c  
c o n t a i n e r  ( 6 5  X 4 5  X 40  cm) ,  f i l l e d  w i t h  2.5 1 s a t u r a t e d  s a l t  s o l u -  
t i o n .  The P e t r i  d i s h e s  w i t h  s e e d s  were  p l a c e d  on t o p  o f  a  p e r f o r a t e d  
and i n v e r t e d  t r a y .  The a i r  i n  t h e  h y g r o s t a t  was moved, by means of  a  
f a n ,  t h r o u g h  a  p l a s t i c  p i p e  w i t h  s m a l l  h o l e s  j u s t  a b o v e  t h e  s a l t  
s o l u t i o n .  



the  r.h. abuve ttlc s a l t  s o l u t i o n s .  Hater  co~lterr t  of t h e  seeds  was determined 

b y  w e i q t ~ i r ~ q  :+ fl.1 mg) 50, 1 0 0  o r  200 iny sr?t,ris i n  l i t t l e  v i a l s  b e f o r e  and 

a f t e r  o \ e r ~  d r ) i n y  a t  13U " C  d u r i n g  1.5 h. The d i f f e r e n t  a m o u n t s  of s e e d s  i n  

tllo v i a l s  r ~ ~ s u l t u d  i n  d e t e r m i n a t i o n  of moisture con ten t  with a  p r e c i s i o n  of + 
0.4, 0.2 and (].l%, r e s p e c t  i v e l j .  

Potassium leakage  

The amount  o f  K +  i o n s  was measured  w i t h  a  f l a m e  p h o t o m e t e r  ( E p p e n d o r f ) .  

Leakaye  of  K +  f r o m  50 s e e d s  was measured  i n  0.5 m1 s a m p l e s  from t h e  1.5 m 1  

incuba t ion  medium i n  t h e  P e t r i  dish.  Total  K+ conten t  of 20 seeds  was measured 

by e x t r a c t i o n  of K+ from t h e  sur face-dr ied  s e e d s ,  which were punctured with a  

n e e d l e  t l ~ r o u g h  t h e  e n v e l o p e ,  t o  e n s u r e  c o m p l e t e  e x t r a c t i o n  of K+ i o n s .  Ex- 

t r a c t i o n  occur red  by 5 m 1  mix ture  of 0.02 M H C 1 ,  0.03 M C s C l  and 0.14 1.1 o x a l i c  

acid.  In some exper iments  K+ leakage of i s o l a t e d  embryos was measured. Embryos 

were i s o l a t e d  from t h e  seeds  a s  c a r e f u l  a s  p o s s i b l e  a f t e r  pre- incubat ion f o r  

a t  l e a s t  5 hours  wi th  two d i s s e c t i n g  pens according t o  Hal~ner  & Bewley (1978). 

Results 

The maximum t e m p e r a t u r e  a t  which l e t t u c e  s e e d s  C V .  t 4 u s e t t e  g e r m i n a t e d  

v a r i e d  b e t w e e n  20 " C  and 28 "C ( F i g .  Z),  50% of  t h e  s e e d s  g e r m i n a t e d  a t  24.5 

"C (T50). A p re - incuba t ion  i n  darkness  dur ing  16 h  a t  1 5  "C i n  water  increased  

T50 t o  31  "C, subsequent  r e d e s i c c a t i o n  of t h e  seeds  t o  a  mois tu re  con ten t  of 

4.5% decreased  T50 aga in  t o  26 "C.  However, when t h e  seeds  were r e d r i e d  t o  13% 

mois ture  the  b e n e f i c i a l  e f f e c t  of pre- incubat ion on T50  was maintained. The 

r e l a t i o n s h i p  between t h e  mois ture  con ten t  t h a t  remained a f t e r  r e d e s i c c a t i o n  

and t h e  change i n  germina t ion  c a p a c i t y  a t  h igher  t empera tures  was analyzed i n  

more d e t a i l .  P r e - i n c u b a t e d  s e e d s  were  r e d r i e d  d u r i n g  24 h  above  5 d i f f e r e n t  

s a t u r a t e d  s a l t  s o l u t i o n s  o r  d ry  s i l i c a  g e l ,  i.e. a t  d i f f e r e n t  r e l a t i v e  humidi- 

t y  (r.h.),  and  t h e r e a f t e r  s e t  t o  g e r m i n a t e  a t  28 "C. A t e m p e r a t u r e  o f  28 "C 

was chosen because pre- incubat ion increased  germinat ion a t  t h a t  temperature 

f rom 0  t o  1 0 0 %  ( F i g .  2) .  F i g .  3  shows  t h e  g e r m i n a t i o n  a t  28 " C  a s  a f u n c t i o n  

of  t h e  f i n a l  mois tu re  con ten t  of t h e  seeds  a f t e r  redry ing  a t  d i f f e r e n t  r.h. 



Germination temperature, 'C 
Fig. 2. I n f l u e n c e  of p r e - i n c u b a t i o n  and d e s i c c a t i o n  on g e r m i n a t i o n  o f  
l e t t u c e  s e e d s  C V .  M u s e t t e  a t  d i f f e r e n t  t e m p e r a t u r e s .  S e e d s  w e r e  
g e r m i n a t e d  u n t r e a t e d  (a) o r  a f t e r  20  h  p r e - i n c u b a t i o n  i n  w a t e r  a t  1 5  
" C  (0). D e s i c c a t i o n  o c c u r r e d  a t  2 5  " C  d u r i n g  2 4  h  t o  a  m o i s t u r e  
c o n t e n t  o f  4.5% ( U )  o r  13.1% ( A ) .  

Moisture content % 
Fig. 3. I n f l u e n c e  o f  d e s i c c a t i o n  o f  p r e - i n c u b a t e d  l e t t u c e  s e e d s  C V .  

M u s e t t e  t o  v a r i o u s  m o i s t u r e  c o n t e n t  i n  o p e n  (01 o r  c l o s e d  (a) P e t r i  
d i s h e s  on g e r m i n a t i o n  a t  28 "C. Seeds  were  p r e - i n c u b a t e d  d u r i n g  16 h  
a t  1 5  " C  i n  w a t e r ,  d e s i c c a t i o n  o c c u r r e d  d u r i n g  2 4  h  a t  2 5  " C  i n  t h e  
h y g r o s t a t ,  s u b s e q u e n t  g e r m i n a t i o n  w a s  i n  w a t e r .  I n  t h e  t r e a t m e n t  
i n d i c a t e d  w i t h  t h e  broken l i n e  p re - incuba ted  s e e d s  were  d e s i c c a t e d  i n  
c l o s e d  P e t r i  d i s h e s ,  r e m o i s t e n e d  t o  a  m o i s t u r e  c o n t e n t  of 20% d u r i n g  
8  h  i n  95% r.h. a t  2 5  " C  a n d  s u b s e q u e n t l y  i n c u b a t e d  a t  2 8  " C .  



0 t , , , , , 
0 2 4 

Drying time, h 

Fig. 4. I n f l u e n c e  of  r e l a t i v e  h u m i d i t y  on d e s i c c a t i o n  r a t e  of l e t t u c e  
s e e d s  CV. Muse t t e .  D i f f e r e n t  r e l a t i v e  h u r n i d i t i e s  were  c r e a t e d  i n  t h e  
h y g r o s t a t  w i t h  t h e  u s e  of d i f f e r e n t  s a t u r a t e d  s a l t  s o l u t i o n s  and d r y  
s i l i c a  g e l ,  d e s i c c a t i o n  o c c u r r e d  a t  25 " C  i n  open ( c l o s e d  symbo l s )  o r  
c l o s e d  P e t r i  d i s h e s  (open symbo l s ,  broken l i n e ) .  



A m o i s t u r e  c o n t e n t  o f  1 0 %  s e e m e d  t o  b e  c r i t i c a l .  R e d r y i n g  b e l o w  t h a t  l e v e l  

c a u s e d  a n  i n c r e a s i n g  l o s s  o f  g e r m i n a t i o n  a t  2 8  " C .  H o w e v e r ,  i t  h a s  t o  b e  

r e a l i z e d  t h a t  a t  d e c r e a s i n g  r.h. a l s o  t h e  r a t e  of  d e s i c c a t i o n  was  i n f l u e n c e d  

(Fig.  4). The i n f l u e n c e  o f  d e s i c c a t i o n  r a t e  on t h e  one s i d e  and t h e  i n f l u e n c e  

of  f i n a l  m o i s t u r e  c o n t e n t  a t  t h e  o t h e r  s i d e  c o u l d  b e  d i s c r i m i n a t e d  by compar- 

i n g  d e s i c c a t i o n  a t  a  c e r t a i n  r.h. i n  e i t h e r  open o r  c l o s e d  P e t r i  d i s h e s .  These  

t r e a t m e n t s  o n l y  d i f f e r e d  i n  d e s i c c a t i o n  r a t e ,  f i n a l  m o i s t u r e  c o n t e n t  w a s  

u n a f f e c t e d .  I t  w a s  o b s e r v e d  t h a t  a t  a  r .h ,  o f  1 3 % ,  r e a l i z e d  a b o v e  s a t u r a t e d  

LiC1, c l o s u r e  of  t h e  P e t r i  d i s h e s  caused  a  s t r o n g  r e d u c t i o n  of  t h e  d e s i c c a t i o n  

r a t e  ( F i g .  4 ) .  N e v e r t h e l e s s ,  t h e  r e d u c t i o n  o f  g e r m i n a t i o n  a t  2 8  " C  w a s  a t  

maximum 20% l e s s  i n  a n  o p e n  t h a n  i n  a  c l o s e d  d i s h  ( F i g .  3 ) .  T h e r e f o r e ,  i t  w a s  

concluded t h a t  t h e  f i n a l  m o i s t u r e  c o n t e n t  a f t e r  r e d e s i c c a t i o n  was  t h e  p r i m a r y  

f a c t o r  f o r  t h e  r e d u c t i o n  of g e r m i n a t i o n  c a p a c i t y  o f  t h e  seeds .  The d e s i c c a t i o n  

r a t e  was o f  minor  impor t ance .  

When a f t e r  d e s i c c a t i o n  t h e  s e e d s  were  r e m o i s t e n e d  t o  a  m o i s t u r e  c o n t e n t  of 

20% b e f o r e  t r a n s f e r  t o  i m b i b i t i o n  c o n d i t i o n s  a t  28 "C, g e r m i n a t i o n  was  some- 

what improved b u t  t h e  s e e d s  n e v e r  r eached  t h e  g e r m i n a t i o n  c a p a c i t y  t h e y  showed 

b e f o r e  r e d r y i n g  ( F i g .  3) .  C o m p l e t e  r e v e r s a l  o f  t h e  r e d e s i c c a t i o n  e f f e c t  d i d  

o c c u r  when t h e  s e e d s  w e r e  i n c u b a t e d  a g a i n  a t  1 5  "C f o r  1 6  h  ( F i g .  5 ) .  T h i s  

second s t i m u l a t i o n  o f  g e r m i n a t i o n  a t  h i g h e r  t e m p e r a t u r e s  c o u l d  a g a i n  b e  a n t a -  

gon ized  by r e d e s i c c a t i o n .  A f t e r  t h e  l a t t e r  t r e a t m e n t  a  f ew s e e d l i n g s  showed 

s i g n s  of  e x t e r n a l  damage ( d i s c o l o u r e d  r o o t s ) .  Such damages were  n e v e r  o b s e r v e d  

a t  any of  t h e  p r e c e d i n g  t r e a t m e n t s .  To p r e v e n t  d e s i c c a t i o n  damage t o  s e e d l i n g s  

i t  was e s s e n t i a l  t h a t  t h e  p r e - i n c u b a t i o n  a t  1 5  "C d i d  n o t  l a s t  f o r  more t h a n  

24 h  (Fig.  6). A t  t h a t  moment g rowth  was a b o u t  t o  beg in ,  making t h e  s e e d s  much 

m o r e  v u l n e r a b l e  t o  d e s i c c a t i o n .  I n  o u r  e x p e r i m e n t s  we c o u l d  s i m p l y  p r e v e n t  

s u c h  d r y i n g  d a m a g e  b e c a u s e  1 6  t o  2 0  h  a t  1 5  "C w a s  a l r e a d y  s u f f i c i e n t  t o  

s t i m u l a t e  f u l l  g e r m i n a t i o n  a t  2 8  "C ( F i g .  6) .  I t  s e e m e d  t h a t  d u r i n g  a  s e c o n d  

p e r i o d  a t  1 5  "C, w h i c h  f o l l o w e d  a f t e r  a n  i n t e r m i t t e n t  r e d e s i c c a t i o n ,  t h e  

c r i t i c a l  t i m e  of  i n c u b a t i o n  was somewhat s h o r t e r .  Consequen t ly  damage o c c u r r e d  

i n  a  f e w  s e e d l i n g s  a f t e r  1 6  h  ( F i g .  5 ) .  

The e f f e c t  of  t e m p e r a t u r e  d u r i n g  d e s i c c a t i o n  was  a l s o  t e s t e d .  p re - incuba ted  

s e e d s ,  i n  t h i s  e x p e r i m e n t  a t  2  i n  s t e a d  o f  1 5  "C, w e r e  r e d r i e d  a t  d i f f e r e n t  

r.h. and d i f f e r e n t  t e m p e r a t u r e s .  Both c o n d i t i o n s  were  e s t a b l i s h e d  i n  a  c l i m a t e  
c a b i n e t ,  d u r i n g  24 h. I t  was  d e m o n s t r a t e d  t h a t  t h e  d e s i c c a t i o n  t e m p e r a t u r e  was 

n o t  r e l e v a n t  t o  t h e  change i n  g e r m i n a t i o n  a t  30 "C (Tab. 1 ) .  



pre -inc. 0 1 1 2 2 
desic. 0 0 1 1 2 

Fig.  5. G e r m i n a t i o n  o f  l e t t u c e  seeds  CV.  M u s e t t e  a t  28 "C i n  w a t e r  
under t h e  i n f l u e n c e  o f  v a r i o u s  c y c l e s  o f  p r e - i n c u b a t i o n  (16 h  15 "C) 
and  d e s i c c a t i o n  t o  5% m o i s t u r e  c o n t e n t  ( 6  h  13% r.h. a t  25 "C). The 
broken l i n e  i n d i c a t e d  t h e  number o f  damaged s e e d l i n g s  f o l l o w i n g  two 
p e r i o d s  o f  p r e - i n c u b a t i o n  and des icca t ion .  

Pre-incubation at 15 'C, h 

Fig.  6. I n f l u e n c e  o f  p r e - i n c u b a t i o n  a t  15 " C  on t h e  g e r m i n a t i o n  o f  
n o n - d e s i c c a t e d  l e t t u c e  seeds  CV.  M u s e t t e  a t  28 "C (0) and 30 "C ( ) 
and  on  t h e  number o f  s e e d l i n g s  w i t h  damaged r o o t s  t h a t  o c c u r r e d  
d u r i n g  g e r m i n a t i o n  a t  30 " C  ( m )  f o l l o w i n g  d e s i c c a t i o n  t o  10% 
m o i s t u r e  content .  



Table L. The i n f l u e n c e  o f  t empera tu re  and r e l a t i v e  h u m i d i t y  d u r i n g  
d r y i n g  o f  p r e - i n c u b a t e d  l e t t u c e  seeds C V .  Muse t te  i n  a c l i m a t e  
c a b i n e t  on g e r m i n a t i o n  a t  30 " C  i n  water .  P r e - i n c u b a t i o n  o c c u r r e d  
d u r i n g  72 h a t  2 " C  i n  water .  

Germination, L 

r e l a t i v e  humidi ty,  L 

temperature, " C  3 0 6 0 9 0 

E f f e c t s  o f  d e s i c c a t i o n  on seeds and p l a n t s  a r e  o f t e n  a s s o c i a t e d  w i t h  

changes i n  membrane p r o p e r t i e s .  There fore ,  t h e  K+ l eakage  and K+ up take  o f  

p r e - i n c u b a t e d  and r e d r i e d  seeds was measured. Dry  seeds c o n t a i n e d  about  8.8 

p g   seed-' (Tab. 2). A f t e r  16 h o f  i n c u b a t i o n  a t  15  "C 0.9 pg ~+.seed-' 

had l e a k e d  i n t o  t h e  i n c u b a t i o n  medium. To observe l eakage  i n  more d e t a i l  

dur ing  the course o f  the pre- incubat ion period, seeds were removed a t  c e r t a i n  

moments from the pre- incubat ion medium and subsequently incubated f o r  an ex t ra  

2 h a t  15  " C  i n  f r e s h  water ,  K+ was measured i n  t h e  l a t t e r  medium. The m a j o r  

p a r t  o f  t h e  K+ i o n s  l eaked  f rom t h e  seeds d u r i n g  t h e  f i r s t  h o u r s  o f  i m -  

b i b i t i o n .  From t h e  5 t h  hour onwards seeds l o s t  o n l y  an e x t r a  0.1 pg.seed-l 

dur ing  the 2 h measurement per iod  (Fig. 7A). The leakage d i d  no t  increase when 

v i s i b l e  germinat ion star ted.  Naked embryos and envelopes, which were i s o l a t e d  

j u s t  b e f o r e  t h e  b e g i n n i n g  o f  t h e  measurements, l o s t  a l i t t l e  more K+ t h a n  

i n t a c t  seeds, i n  p a r t i c u l a r  a f t e r  5 h o f  pre-incubation. I t  i s  supposed t h a t  

i s o l a t i o n  o f  the seed p a r t s  damaged some c e l l s ,  the  more so i n  p a r t l y  imbibed 

seeds. 

Redesiccation o f  seeds or  seed p a r t s  t o  a mois ture  content  of 42 p r i o r  t o  

the  measurement per iod  hard ly  increased K+ l o s s  fro; i n t a c t  seeds dur ing  the  

f i r s t  24 h ( ~ i g .  78). A f te r  32 h o f  pre-incubation, when d ry ing  caused v i s i b l e  

damage t o  r o o t l e t s  ( ~ i ~ .  6), K+ leakage from seeds increased d r a s t i c a l l y  (Fig. 

78). Thus, a p a r t  f rom damaged c e l l s ,  membranes i n  i n t a c t  seeds seemed t o  be 

des iccat ion  to le rant .  This conclusion was a l so  supported by the measurements 
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Fig. 7.  I n f l u e n c e  of p r e - i n c u b a t i o n  a t  15 "C on subsequent leakage o f  
K+ f r o m  embryos, envelopes and i n t a c t  l e t t u c e  seeds CV. Musette. 
Embryos  w e r e  i s o l a t e d  f r o m  t h e  seeds  a f t e r  t h e  i n d i c a t e d  p r e -  
i n c u b a t i o n  per iod .  K+ c o n t e n t  o f  f r e s h  i n c u b a t i o n  medium was measured 
a f t e r  2  h, K+ l e a k a g e  was measured w i t h o u t  ( A )  o r  w i t h  (B)  a  p r e -  
ced ing  d e s i c c a t i o n  of seeds o r  seed p a r t s  t o  4% m o i s t u r e  con ten t  (24 
h 13% r.h. 25 "C ). The a r row i n d i c a t e s  the  moment f i r s t  d e s i c c a t i o n  
damage o c c u r r e d  i n  i n t a c t  seeds. 

of K+ c o n t e n t  (Tab. 2). Two i n c u b a t i o n  p e r i o d s  o f  16 h a t  15 "C were separated 

by a d e s i c c a t i o n  t o  5% mois tu re .  D e s i c c a t i o n  and a second i n c u b a t i o n  d i d  n o t  

change t h e  K+ c o n t e n t  o f  b o t h  seeds and embryos s i g n i f i c a n t l y .  I t  i s  suggested 

b y  t h e s e  d a t a  t h a t  i n t a c t  seeds  do n o t  l e a k  d u r i n g  t h e  second i n c u b a t i o n ,  

because t h e  envelope had l o s t  n e a r l y  a l l  K+ d u r i n g  the  f i r s t  p e r i o d  and e x t r a  

K+ l o s s  f r o m  t h e  embryo  was p r e v e n t e d  by  t h e  p r e s e n c e  o f  K+ i m p e r m e a b l e  

endosperm c e l l s  a r o u n d  t h e  embryo. When i n t a c t  seeds were  i n c u b a t e d  i n  KC1 

s o l u t i o n s ,  K+ i o n s  h a r d l y  p e n e t r a t e d  i n t o  t h e  embryos, such i n  c o n t r a s t  t o  the  

i n c u b a t i o n  o f  i s o l a t e d  embryos (Tab. 3).  



Table 2. K +  c o n t e n t  o f  i n t a c t  ( o r  p a r t s  o f )  l e t t u c e  seeds C V .  Mu- 
s e t t e  and leakage f rom i n t a c t  seeds a f t e r  v a r i o u s  c y c l e s  o f  p r e -  
i n c u b a t i o n  (16 h  15 "C) ( Inc . )  and d e s i c c a t i o n  (6  h  135 r.h. 25 " C )  
(Des). Embryos c o u l d  n o t  be i s o l a t e d  f rom d r y  seeds. Leakage was 
measured i n  the incubat ion  medium a t  the end o f  the pre- incubat ion  
per iod.  

p 

K+ content ,  g.seed(part)-J 

Pre-incubation seed embryo envelope leakage 
cond i t ions  from seeds 

c o n t r o l  8.8 + 0.2 

Inc.  8.2 + 0.4 7.3 + 0.2 0.3 - + 0.0 0.9 + 0.1 

Inc .  + Des. 8.0 + 1.0 

Inc.  + Des. + Inc.  7.9 + 0.4 7.8 - + 0.4 0.1 + 0.0 0.0 

Table 3. K+ uptake o f  l e t t u c e  seeds and embryos CV. Musette (82985) 
from K C 1  solut ions.  K+ content  was measured i n  e x t r a c t s  o f  20 i n t a c t  
seeds o r  p a r t s  o f  seeds t h a t  had been p re - i ncuba ted  d u r i n g  20 h  a t  
15 "C, were r i n s e d  w i t h  100 m 1  wa te r  and s u r f a c e  d r i e d .  I s o l a t e d  
embryos were i n c u b a t e d  f o r  18 h  f o l l o w i n g  6  h  i m b i b i t i o n  o f  t h e  
i n t a c t  seed and d i ssec t i on  o f  the envelope. 

K+ content, g.seed(part)-l 

Incubat ion  o f  seeds 

seed 5.5 5 0.4 6.5 + 0.1 - 7.3 + 0.4 
embryo 6.0 + 0.5 6.0 + 0.2 5.9 + 0.2 

envelope 0.0 0.3 + 0.1 - 0.6 - + 0.0 

Incubat ion o f  embryos 

embryo 5.6 + 0.3 6.6 + 0.2 - 7.1 + 0.4 

Removal o f  t h e  envelopes b e f o r e  d e s i c c a t i o n  a l s o  caused an i n c r e a s e  of K+ 

leakage ( ~ i g .  7B) ,  t h e  e f f e c t  b e i n g  s t r o n g e r  a f t e r  l o n g e r  p r e - i n c u b a t i o n .  



Thus, embryo  c e l l s  a r e  n o t  d e s i c c a t i o n  t o l e r a n t .  The e f f e c t  o f  d i f f e r e n t  

degrees o f  d e s i c c a t i o n  was t e s t e d  (Tab. 4). D r y i n g  t o  4 and 6% m o i s t u r e  caused 

about t w o f o l d  s t r o n g e r  K+ leakage than  l e s s  severe wa te r  s t ress .  Remoistening 

o f  t h e  embryos t o  20% a f t e r  8  h a t  4% prevented t h e  e x t r a  10s o f  K' d u r i n g  t h e  

measurement per iod .  Again, K+ leakage f rom i n t a c t  seeds was n o t  a f f e c t e d  by 

dehydra t ion .  

Table  4. I n f l u e n c e  o f  d e s i c c a t i o n  t o  v a r i o u s  m o i s t u r e  c o n t e n t  o f  p r e -  
i n c u b a t e d  l e t t u c e  s e e d s  C V .  M u s e t t e  on t h e  K+ l e a k a g e  f r o m  embryos  o r  
i n t a c t  seeds.  Seeds w e r e  p r e - i n c u b a t e d  d u r i n g  1 6  h a t  1 5  " C  i n  w a t e r .  
T h e r e a f t e r  embryos were i s o l a t e d .  I n t a c t  seeds o r  i s o l a t e d  embryos were 
des icca ted  t o  t h e  i n d i c a t e d  m o i s t u r e  con ten t  i n  t h e  h y g r o s t a t  d u r i n g  24 h 
a t  25 " C  and i n  one t r e a t m e n t  remo is tened  f rom 4 t o  20% m o i s t u r e  content .  
A f t e r  d e s i c c a t i o n  s e e d s  w e r e  s u r f a c e  d r i e d  and i n c u b a t e d  d u r i n g  8 h i n  
d i s t i l l e d  w a t e r  a t  25 "C.  K+ was measured  i n  t h e  i n c u b a t i o n  medium and  
e x p r e s s e d  a s  pg .seed- l )  o r  as  t h e  p e r c e n t a g e  o f  t o t a l  K+ i n  t h e  seeds  
(8.9 p g )  o r  e m b r y o s  (7.9 p g ) .  

K' leakage 

mo is tu re  con ten t ,  76 

47 20 9 7 5 4 4+20 

i n t a c t  seed, pg.seed- l  0.15 0.03 0.09 0.06 0.11 0.11 0.11 

X 1.7 0.3 1.0 0.7 1.2 1.2 1.2 

embryo , pg.seed- l  0.89 0.82 0.82 0.69 1.28 1.44 0.65 
0' 11 10 10  8.7 16 18 8.3 

Discussion 

I n  a l a r g e  number o f  s p e c i e s  t h e  l e v e l  o f  seed  dormancy  e x p r e s s e d  i t s e l f  

m o s t  c l e a r l y  i n  t h e  w i d t h  o f  t h e  t e m p e r a t u r e  r a n g e  o f  g e r m i n a t i o n  ( K a r s s e n  

1982). B reak ing  o f  dormancy c o n s i s t s  o f  a  w iden ing  o f  t h e  range and i n d u c t i o n  

o f  dormancy means a narrowing.  Therefore, t h e  i n c r e a s e  o f  t h e  T50 o f  l e t t u c e  

seed g e r m i n a t i o n  by p r e - i n c u b a t i o n  a t  l o w e r  temperatures (Fig. 2) can bes t  be 

d e s c r i b e d  a s  b r e a k i n g  o f  do rmancy  and  t h e  o p p o s i t e  change, i n d u c e d  b y  r e -  

d e s i c c a t i o n ,  a s  i n d u c t i o n  o f  s e c o n d a r y  dormancy.  The r e v e r s i b i l i t y  o f  t h e  



changes o f  g e r m i n a t i o n  c a p a c i t y  a t  28 "C ( ~ i g .  5 )  s u p p o r t  t h e  ~ r e v i o u s  con-  

c lus ion ,  because r e v e r s i b i l i t y  i s  a  common f e a t u r e  o f  dormancy. Moreover, i t  

e x c l u d e s  t h e  a l t e r n a t i v e  e x p l a n a t i o n  t h a t  r e d e s i c c a t i o n  a c t s  th rough  an i r -  

r e v e r s i b l e  damaging o f  t h e  seeds. 

The p resen t  s tudy  i n d i c a t e s  t h a t  t h e  r e s u l t  o f  dormancy b r e a k i n g  i s  somehow 

f i x e d  i n  hydra ted  u l t r a s t r u c t u r e s .  Redes icca t ion  o f  seeds t o  m o i s t u r e  l e v e l s  

below 10% re-induced dormancy t h a t  j u s t  had been a l l e v i a t e d  d u r i n g  a  p e r i o d  of 

p r e - i n c u b a t i o n  ( F i g .  3). I t  h a s  o f t e n  been  s u g g e s t e d  t h a t  t h e  e f f e c t  o f  des-  

i c c a t i o n  depends on changes i n  membrane p e r m e a b i l i t y .  M e a s u r e m e n t s  o f  K +  

leakage l e a r n s  about membrane i n t e g r i t y .  The p r e s e n t  da ta  on K+ leakage from 

l e t t u c e  seeds a r e  somewhat  c o n f u s i n g ,  however .  Whereas t h e  i n c r e a s e d  K+ 

leakage f rom i s o l a t e d  embryos a t  l o w e r  m o i s t u r e  l e v e l s  (Tab. 4) showed some 

c o r r e l a t i o n  t o  t h e  s t r o n g e r  f a l l  i n  g e r m i n a t i o n  c a p a c i t y  ( F i g .  3 ) ,  t h e  K+ 

leakage f rom i n t a c t  seeds was n o t  i n f l u e n c e d  a t  a l l  by a  r e d e s i c c a t i o n  t r e a t -  

ment  ( F i g .  7B). I t  i s  c o n c l u d e d  t h a t  a  p e r m e a t i o n  b a r r i e r  i n  t h e  endosperm 

c e l l s  t h a t  i s  d e s i c c a t i o n  t o l e r a n t ,  most p robab ly  p reven ts  K+ leakage f r o m  t h e  

embryo i n s i d e  t h e  i n t a c t  seed. Endosperm i m p e r m e a b i l i t y  f o r  l e u c i n e  was shown 

i n  l e t t u c e  seeds  b y  K l e i n  e t  a l .  (1971). The p r e s e n c e  o f  t h i s  p e r m e a t i o n  

b a r r i e r  p reven ts  us  f rom draw ing  conc lus ions  about membrane changes t h a t  occur  

i n  t h e  embryo  i n s i d e  t h e  e n v e l o p e .  I t  i s  e v i d e n t ,  however ,  t h a t  i f  embryo  

c e l l s  a r e  a l s o  d e s i c c a t i o n  i n t o l e r a n t  i n s i d e  t h e  envelope, d e s i c c a t i o n  induced  

changes i n  membrane s t r u c t u r e  d i d  n o t  l e a d  t o  t h e  l o s s  of e s s e n t i a l  compounds 

f r o m  t h e  embryo  and, t h e r e f o r e ,  mus t  be r e v e r s i b l e .  The f u n c t i o n  o f  t h e  en- 

v e l o p e  i n  l e t t u c e  r e f l e c t s  t o  a  c e r t a i n  e x t e n t  t h e  r o l e  o f  t h e  s e e d  c o a t  i n  

pea  seeds  t h a t  p r o t e c t s  embryos  f r o m  r a p i d  i m b i b i t i o n ,  p r e v e n t s  e x t e n s i v e  

l e a k a g e  f r o m  t h e  embryo  and s t o p s  damage t o  membranes b y  l o w  t e m p e r a t u r e  

t r e a t m e n t  (Simon 1984). 

P r e - i n c u b a t i o n  o f  l e t t u c e  seeds i s  used  a s  a  p r a c t i c a l  means t o  i m p r o v e  

t h e i r  g e r m i n a t i o n  c h a r a c t e r i s t i c s .  B e f o r e  seeds  can  b e  s h i p p e d  and  s t o r e d ,  

r e d e s i c c a t i o n  i s  requi red.  The p resen t  da ta  i n d i c a t e  t h a t  g r e a t  c a r e  has t o  be 

taken  d u r i n g  t h e  d r y i n g  process. The f i n a l  m o i s t u r e  l e v e l  of t h e  seeds i s  t h e  
m o s t  i m p o r t a n t  f a c t o r  t h a t  d e t e r m i n e s  t h e  T50, t h e  d r y i n g  r a t e  i s  o f  m i n o r  

(F igs .  3, 4). S i m i l a r  C O ~ C ~ U S ~ O ~ S  were  r e a c h e d  b y  Guedes & Can t -  

l i f f e  (1980)  f o r  l e t t u c e  and  b y  B r o c k l e h u r s t  & Dearman (1983)  f o r  o n i o n ,  

c a r r o t  and ce le ry .  The tempera tu re  d u r i n g  t h e  d r y i n g  process i s  a l s o  o f  m inor  

(Tab. 1). I t  h a s  t o  b e  p o i n t e d  o u t  t h a t  n o t  a l l  c u l t i v a r s  o f  



l e t tuce  a r e  a s  s e n s i t i v e  t o  redes iccat ion a s  the c u l t i v a r  Musette. P a r a l l e l  

s tudies  w i t h  seeds of d i f f e r e n t  c u l t i v a r s  have shown tha t  des iccat ion can a l s o  

be without an e f f e c t  on T50 (chapter 3).  





CHAPTER 6 

INDEPENDENCY OF GERMINATION AND DORMANCY ON SOLUBLE AMINO NITROGEN METABOLISM 

I N  LETTUCE SEEDS 



Abstract 

A t  t h e  moment g e r m i n a t i o n  e n d s  and s e e d l i n g  g rowth  b e g i n s  l e t t u c e  s e e d s  CV.  

M u s e t t e  become d e s i c c a t i o n  i n t o l e r a n t :  damaged r o o t l e t s  a p p e a r  when d e s i c c a t e d  

s e e d s  a r e  re-imbibed. A t  1 5  "C t h i s  moment o c c u r s  3  h  b e f o r e  v i s i b l e  ge rmina -  

t i o n .  I t  p r e c e d e s  a  r i s e  i n  t h e  c o n t e n t  o f  s o l u b l e  amino  n i t r o g e n  compounds, 

a m i n o  a c i d s  a n d  i n  t h e  a c t i v i t y  o f  g l u t a m i n e  s y n t h e t a s e  (GS) .  A t  3 0  "C g e r -  

m i n a t i o n  o n l y  o c c u r s  when s e e d s  a r e  p r e - i n c u b a t e d  a t  l o w e r  t e m p e r a t u r e .  Pre-  

i n c u b a t i o n  d u r i n g  2 4  h  a t  1 5  "C i n  w a t e r  c a u s e s  f u l l  g e r m i n a t i o n  a t  3 0  "C. 

O s m o t i c  c o n c e n t r a t i o n s  o f  p o l y e t h y l e n e  g l y c o l  (PEG) e n a b l e  p r o l o n g e d  p r e -  

i n c u b a t i o n  which d e l a y s  dormancy b r e a k i n g  and even t u r n s  i t  a t  o s m o t i c  po ten -  

t i a l s  o f  -1.0 MPa a n d  b e l o w  i n t o  i t s  o p p o s i t e  t h e  i n d u c t i o n  o f  s e c o n d a r y  

do rmancy .  D u r i n g  p r e - i n c u b a t i o n  r i s e s  i n  a m i n o  n i t r o g e n  c o m p o u n d s  a n d  GS 

a c t i v i t y  o c c u r ,  b u t ,  p a r t i c u l a r l y  a t  2  "C, much l a t e r  t h a n  t h e  i n c r e a s e  i n  t h e  

c a p a c i t y  t o  g e r m i n a t e  a t  3 0  "C. I t  is c o n c l u d e d  t h a t  c h a n g e s  i n  t h e  l e v e l  o f  

dormancy i n  l e t t u c e  s e e d s  o c c u r  i n d e p e n d e n t l y  of  t h e  s t i m u l a t i o n  o f  s o l u b l e  

amino n i t r o g e n  metabol ism.  The l a t t e r  s t i m u l a t i o n  i s  a l s o  n o t  s t r i c t l y  bound 

t o  t h e  s t a r t  o f  v i s i b l e  g e r m i n a t i o n .  G e r m i n a t i o n  is l e s s  s e n s i t i v e  t o  methio-  

n i n e  s u l f o x i m i n e ,  a  s p e c i f i c  i n h i b i t o r  of GS, t h a n  t h e  enzyme a c t i v i t y .  

Introduction 

I m b i b i t i o n  o f  n o n - d o r m a n t  l e t t u c e  s e e d s  s t a r t s  a  c h a i n  o f  e v e n t s  t h a t  

c u l m i n a t e s  i n  e x t r a  w a t e r  up take ,  c e l l  e l o n g a t i o n  and p r o t r u s i o n  o f  t h e  rad-  

i c l e  th rough  s u r r o u n d i n g  l a y e r s .  ~ o r m a n t  s e e d s  need some s t i m u l a t o r y  a c t i o n  

l i k e  i r r a d i a t i o n  w i t h  l i g h t ,  a p p l i c a t i o n  o f  g rowth  r e g u l a t o r s  o r  pre- incuba-  

t i o n  a t  l o w  t e m p e r a t u r e  t o  s t a r t  g e r m i n a t i o n .  To u n d e r s t a n d  d o r m a n c y  i t  is 

i m p o r t a n t  t o  know which p r o c e s s e s  a r e  induced  by such  s t i m u l a t o r y  a c t i o n s  and 

i n  p a r t i c u l a r ,  w h i c h  a r e  t h e  c a u s e s  a n d  w h i c h  t h e  r e s u l t s  o f  t h e  s t a r t  o f  

g e r m i n a t i o n .  Takeba  ( 1 9 8 0 a , b )  d e m o n s t r a t e d  i n  t h e  a x e s  o f  l e t t u c e  s e e d s  t h e  

a c c u m u l a t i o n  of f r e e  amino a c i d s  d u r i n g  t h e  f i r s t  24  h  of  i n c u b a t i o n  a t  1 8  "C. 

The a c c u m u l a t i o n  was a f f e c t e d  by r e d  l i g h t ,  g rowth  r e g u l a t o r s  and t e m p e r a t u r e  

(Takeba 1 9 8 0 ~ 1 ,  and i t  accoun ted  q u a n t i t a t i v e l y  f o r  t h e  i n c r e a s e  of  t h e  g r o w t h  

~ o t e n t i a l  o f  t h e  a x e s  ( T a k e b a  1 9 8 0 b ) .  I n  o s m o t i c a l l y  i n h i b i t e d  a x e s  t h e  a c -  

c u m u l a t i o n  w a s  e v e n  l a r g e r  t h a n  i n  w a t e r  ( T a k e b a  1 9 8 0 c , d ) .  I t  w a s  c o n c l u d e d  

t h a t  t h e  a c c u m u l a t i o n  o f  a m i n o  a c i d s  a n d  i n  p a r t i c u l a r  g l u t a m i n e  ( G l n )  a n d  



g l u t a m i c  a c i d  ( ~ l u ) ( T a k e b a  1 9 8 0 a ) ,  w a s  t h e  c a u s e  a n d  n o t  t h e  r e s u l t  o f  g e r -  

m i n a t i o n  ( T a k e b a  1 9 8 0 c , d ) .  C a r p i t a  e t  a l .  ( 1 9 7 9 b )  a n d  Leung e t  a l .  ( 1 9 7 9 )  

reached t h e  o p p o s i t e  c o n c l u s i o n :  i n c r e a s e s  i n  s o l u b l e  amino n i t r o g e n  compounds 

and o t h e r  h y d r o l y t i c  p r o d u c t s  o c c u r r e d  o n l y  a s  a  r e s u l t  o f  growth.  C a r p i t a  e t  

a l .  ( 1 9 7 9 a )  p r o p o s e d  t h a t  t h e  r e d  l i g h t - i n d u c e d  i n c r e a s e  i n  t h e  c a p a c i t y  o f  

l e t t u c e  e m b r y o s  t o  g e r m i n a t e  i n  s o l u t i o n s  w i t h  i n c r e a s i n g l y  m o r e  n e g a t i v e  

o s m o t i c  p o t e n t i a l s  i n v o l v e d  c h a n g e s  i n  b o t h  t h e  o s m o t i c  and  t h e  p r e s s u r e  

p o t e n t i a l s  o f  t h e  c e l l s .  The d e c r e a s e  o f  t h e  o s m o t i c  p o t e n t i a l  c o r r e l a t e d  w i t h  

a  s h i f t  i n  t h e  c o n c e n t r a t i o n  o f  K+, ~ a +  a n d  p o s s i b l e  i n o r g a n i c  c a t i o n s  f r o m  

t h e  c o t y l e d o n s  t o  t h e  a x e s  ( C a r p i t a  e t  a l .  1979b). 

I t  is t h e  a im o f  t h e  p r e s e n t  s t u d y  t o  i n v e s t i g a t e  a  p o s s i b l e  r e l a t i o n s h i p  

b e t w e e n  c h a n g e s  i n  t h e  d o r m a n c y  l e v e l  o f  l e t t u c e  s e e d s  C V .  M u s e t t e  a n d  t h e  

s o l u b l e  amino  n i t r o g e n  compounds. Dormancy i n  l e t t u c e  s e e d s  a l w a y s  r e f e r s  t o  

s t a t e s  i n  w h i c h  g e r m i n a t i o n  i s  l i m i t e d  t o  a  c e r t a i n  r a n g e  o f  t e m p e r a t u r e s .  

A l l e v i a t i o n  o r  i n d u c t i o n  of dormancy i n v o l v e s  widen ing  o r  na r rowing  of  t h i s  

r a n g e  ( K a r s s e n  1 9 8 2 ) .  P r e - i n c u b a t i o n  o f  l e t t u c e  s e e d s  i n  o s m o t i c a  a t  a  l o w  

t e m p e r a t u r e  i s  a n  e f f e c t i v e  m e t h o d  t o  r a i s e  t h e  u p p e r  t e m p e r a t u r e  l i m i t  

( G u e d e s  & C a n t l i f f e  1 9 8 0 ,  c h a p t e r s  2 , 3  ) E f f e c t s  on  d o r m a n c y  l e v e l s  w i l l  b e  

s e p a r a t e d  f r o m  p r o c e s s e s  r e s u l t i n g  f r o m  s t i m u l a t e d  g e r m i n a t i o n  by a  m o r e  

P r e c i s e  d e t e r m i n a t i o n  o f  t h e  moment v i s i b l e  g e r m i n a t i o n  s t a r t .  

A b b r e v i e t i o n s :  - Arg, a r g i n i n e ;  Asn, Asparagine;  Gln, g l u t a m i n e ;  GS, g l u t a m i n e  

s y n t h e t a s e ;  MSO, m e t h i o n i n e  s u l f o x i m i n e ;  PEG, p o l y e t h y l e n e  g l y c o l ;  @, , 
o s m o t i c  p o t e n t i a l .  

Material and  me thods  

Seed m a t e r i a l  and g e r m i n a t i o n  c o n d i t i o n s  

A s e e d  l o t  of  l e t t u c e  CV. M u s e t t e  was o b t a i n e d  f rom Enza Zaden, Enkhuizen, 

The  Ne the r l ands .  The s e e d s  were h a r v e s t e d  i n  1982 and were  s t o r e d  dry  a t  5  "C. 

of 50  s e e d s  were  p r e - i n c u b a t e d  i n  5  cm P e t r i  d i s h e s  on one l a y e r  

Of f i l t e r  p a p e r  ( S c h l e i c h e r  & S c h i j l l  No. 595) moi s t ened  w i t h  1.5 m 1  d i s t i l l e d  

w a t e r  o r  p o l y e t h y l e n e  g l y c o l  (PEG) s o l u t i o n .  Osmot ic  p o t e n t i a l s  of PEG-soh- 



t i o n s  were c a l c u l a t e d  a c c o r d i n g  t o  Michel  (1983). A f t e r  p r e - i n c u b a t i o n  s e e d s  

were  r i n s e d  w i t h  100 m 1  of  d i s t i l l e d  w a t e r  and t r a n s f e r r e d  t o  f i l t e r  p a p e r  i n  

a  f r e s h  P e t r i  d i s h .  T h e r e a f t e r ,  s e e d s  were  used e i t h e r  f o r  c h e m i c a l  a n a l y s i s  

o r  t r a n s f e r r e d  t o  g e r m i n a t i o n  c o n d i t i o n s  a f t e r  m o i s t e n i n g  t h e  f i l t e r  p a p e r  

w i t h  1.5 m 1  d i s t i l l e d  water .  I n  some t r e a t m e n t s  s e e d s  were  d r i e d  back p r i o r  t o  

g e r m i n a t i o n  i n  a  h y g r o s t a t  based  on t h e  p r i n c i p l e  t h a t  a  s a t u r a t e d  s a l t  s o l u -  

t i o n  i s  i n  e q u i l i b r i u m  w i t h  a  known r e l a t i v e  h u m i d i t y  ( s e e  c h a p t e r  5) .  S u r -  

f a c e - d r i e d  s e e d s  i n  P e t r i  d i s h e s  were  p l a c e d  i n  t h e  h y g r o s t a t  u n t i l  t h e  mois- 

t u r e  c o n t e n t  of  t h e  s e e d s  was i n  e q u i l i b r i u m  w i t h  t h e  r e l a t i v e  h u m i d i t y  o f  t h e  

a tmosphere  ( m o s t l y  24 h). The m o i s t u r e  c o n t e n t  o f  t h e  s e e d s  was d e t e r m i n e d  by 

w e i g h i n g  (+ 0.1 mg) a b o u t  200  mg s e e d s  i n  l i t t l e  v i a l s  b e f o r e  a n d  a f t e r  o v e n  

d r y i n g  a t  1 3 0  " C  d u r i n g  1.5 h. G e r m i n a t i o n  o c c u r r e d  i n  a l l  e x p e r i m e n t s  i n  

d a r k n e s s  a t  d i f f e r e n t  t e m p e r a t u r e s  which were  r e a l i z e d  i n  c o o l e d  i n c u b a t o r s  

(Gallenkamp, Crawley,  U.K., T  5 l "C).  Ge rmina t ion  was c o u n t e d  a f t e r  2  d a y s  o f  

i n c u b a t i o n  a t  t h e  g e r m i n a t i o n  c o n d i t i o n s .  A l l  m a n i p u l a t i o n s  w e r e  conduc ted  i n  

dim g reen  l i g h t  o b t a i n e d  by f i l t e r i n g  i r r a d i a t i o n  f rom one  g r e e n  f l u o r e s c e n t  

t u b e  ( P h i l i p s  TL 40W/17) t h r o u g h  2  l a y e r s  o f  y e l l o w  no. 4 3 6  a n d  2  l a y e r s  o f  

b l u e  no. 6 2  c inemoid  f i l t e r s  ( S t r a n d  E l e c t r i c ,  London, U.K.). 

Chemical a n a l y s i s  

A f t e r  p r e - i n c u b a t i o n ,  r i n s i n g  a n d  s u r f a c e  d r y i n g  2 0 0  s e e d s  ( 2 4 0  mg) w e r e  

h o m o g e n i z e d  i n  a  m o r t a r  i n  4  m 1  0.05 M t r i s / H C l  b u f f e r  (pH 7.0) c o n t a i n i n g  1 

m M  MgS04 and 1 0  m M  2 -mercap toe thano l  on i ce .  The e x t r a c t  was  c e n t r i f u g e d  f o r  5  

min a t  2400 X g. The s u p e r n a t a n t  was used f o r  d e t e r m i n a t i o n  o f  s o l u b l e  amino 

n i t r o g e n  a n d  GS a c t i v i t y .  B e f o r e  d e t e r m i n a t i o n  o f  s o l u b l e  a m i n o  n i t r o g e n  

t r i c h l o r o a c e t i c  a c i d  ( f i n a l  c o n c e n t r a t i o n  5%) was used t o  p r e c i p i t a t e  p r o t e i n *  

The n i n h y d r i n  m e t h o d  w a s  u s e d  m o d i f i e d  f o r m  Yemm & C o c k i n g  (1955) .  A f t e r  

c e n t r i f u g a t i o n  0.1 m 1  o f  t h e  s u p e r n a t a n t  w a s  m i x e d  w i t h  1.0 m 1  H20, 0.5 

NaAc/HAC b u f f e r  ( 1  M) pH 5.2, 5 0  p L  0.01 M KCN a n d  0.5 m 1  n i n h y d r i n  3% i n  
m e t h y l c e l l o s o l v e .  A f t e r  h e a t i n g  f o r  2 0  min i n  b o i l i n g  w a t e r  t h e  m i x t u r e  was  

c o o l e d  i n  i c e  a n d  a f t e r  a d d i t i o n  o f  5  m 1  i c e  c o l d  i s o p r o p a n o l / H 2 0  ( 1 / 1 )  t h e  

abso rbance  was measured a t  570 nm. An amino a c i d  a n a l y z e r  B i o t r o n i c  LC 6000 E 

( p h y s i o l o g i c a l  program) was  used t o  a n a l y z e  t h e  c o m p o s i t i o n s  of  t h e  f r e e  amino  

a c i d s .  S u l f o  s a l i c y l i c  a c i d  ( f i n a l  c o n c e n t r a t i o n  2%) was  u s e d  t o  p r e c i p i t a t e  

t h e  p r o t e i n  i n s t e a d  o f  t r i c h l o r o a c e t i c  ac id .  



G l u t a m i n e  s y n t h e t a s e  (GS) was assayed  a c c o r d i n g  t o  Takeba (1983a) w i t h  

m o d i f i c a t i o n s  a c c o r d i n g  t o  S t a d t m a n  e t  a l .  (1979) as  f o l l o w s :  t h e  r e a c t i o n  

m i x t u r e  (0.5 m l )  c o n t a i n e d  162 m M  imidazole-HC1 b u f f e r  pH 6.8, 160 m M  L-Gln, 

0.4 m M  sodium-ADP, 2 1  mM po tass ium arsenate, 42 mM hydroxylamine-HC1 and 0.4 

mM MnC12. The enzyme e x t r a c t  (0.1 m l )  was mixed w i t h  0.5 m 1  assay m i x t u r e  and 

incubated f o r  30 m i n  a t  37 "C. A f t e r  a d d i t i o n  o f  s t o p  m i x t u r e  and c e n t r i f u g a -  

t i o n  t h e  a b s o r b a n c e  was measured  a t  540 nm. A l l  a n a l y s e s ,  e x c e p t  amino  a c i d  

composi t ion,  were a t  l e a s t  done i n  dup l i ca te .  

Results 

The maximum tempera tu re  f o r  f u l l  g e r m i n a t i o n  of l e t t u c e  seeds CV. Musette 

i s  about 20 'C ( chap te rs  2, 3). A t  30 " C  i n  darkness germina t ion  d i d  n o t  occur  

w i t h o u t  a  p r e - i n c u b a t i o n  a t  l o w e r  temperatures (Fig. 1A). To reach f u l l  ger- 

m i n a t i o n  a t  30 "C, a  p r e - i n c u b a t i o n  i n  water  had t o  l a s t  24 h a t  15 'C o r  4  d 

a t  2  "C. P r e - i n c u b a t i o n  a t  1 5  "C i n  o s m o t i c  s o l u t i o n s  o f  PEG d e l a y e d  t h e  

s t i m u l a t i v e  e f f e c t  on  s u b s e q u e n t  g e r m i n a t i o n  a t  30 "C. I n  -1.0 and -1.5 MPa 

the  maximal  s t i m u l a t i o n  was n o t  reached anymore. Dur ing  pro longed pre-incuba- 

L ion  a t  these  o s m o t i c  p o t e n t i a l s  t h e  s t i m u l a t o r y  e f f e c t  even tu rned  i n t o  i t s  

opposi te ,  secondary dormancy developed. 

The most common way t o  determined t h e  moment a t  which germina t ion  ends and 

s e e d l i n g  g r o w t h  b e g i n s  i s  t h e  o b s e r v a t i o n  o f  t h e  p r o t r u s i o n  o f  t h e  r a d i c l e  

through t h e  s u r r o u n d i n g  layers .  However, g rowth  may s t a r t  b e f o r e  t h a t  moment. 

Schopfer e t  a l .  (1979) showed t h a t  t h i s  can be de tec ted  by d e s i c c a t i o n  of t h e  

seeds. Seeds t h a t  b e g i n  t o  grow w i l l  become d e s i c c a t i o n  i n t o l e r a n t :  damaged 

r o o t l e t s  w i l l  d e v e l o p  d u r i n g  renewed i n c u b a t i o n .  Compar ison  w i t h  v i s i b l e  

9 e r m i n a t i o n  r e v e a l e d  t h a t  t h e  d e s i c c a t i o n  method t raced  t h e  end o f  ge rmina t ion  

a b o u t  3  h e a r l i e r  t h a n  t h e  naked  eye  (F ig .  2). The f o r m e r  method was n o t  o n l y  

more p r e c i s e ,  i t  was a l s o  e a s i e r  t o  a p p l y  s i n c e  damaged r o o t l e t s  c o u l d  be 

b e t t e r  observed than  t h e  s m a l l  c rack  i n  the  f r u i t  w a l l  and t h e  p r o t r u d i n g  t i n y  

r o o t l e t .  The a r r o w s  i n  F i g .  1 6  i n d i c a t e  t h e  s t a r t  o f  g e r m i n a t i o n  d e t e r m i n e d  

v i a  t h e  d e s i c c a t i o n  method. 

D r y  seeds  c o n t a i n e d  36.9 p m01 f r e e  amino  a c i d s ' ( 1 0 0 0  s e e d s ) - l  (~i~. 3 ~ ) .  

A n a l y s i s  showed t h a t  89y; of t h i s  p o o l  c o n s i s t e d  o f  5 amino a c i d s  only: a r g i -  

n i n e  ( A r g )  55%, a s p a r a g i n e  (Asn) 191, a s p a r t i c  a c i d  (ASP) 4%, g l u t a m i c  a c i d  

( G l u )  8% and  g l u t e r n i n e  (Gin) 4%. D u r i n g  p r e - i n c u b a t i o n  a t  15 "C i n  w a t e r  t h e  



Fig.  1. The i n f l u e n c e  of  p r e - i n c u b a t i o n  of l e t t u b e  s e e d s  CV. M u s e t t e  
a t  1 5  " C  i n  w a t e r  (o), PEG -0.5 MPa ( A ) ,  -1.0 MPa ( D )  o r  -1.5 MPa 
( V )  o r  a t  2 " C  i n  w a t e r  (0) on  ( A )  s u b s e q u e n t  g e r m i n a t i o n  i n  w a t e r  
a t  30 " C  o r  (B) a c t i v i t y  o f  GS d u r i n g  p re - incuba t ion .  Arrows i n d i c a t e  
t h e  moment t h e  s e e d s  b e c a m e  d e s i c c a t i o n  i n t o l e r a n t .  V e r t i c a l  b a r s  
i n d i c a t e  SD. 



(Pre-) incubation period,(h) 

Fig. 2. Comparison o f  t w o  methods f o r  t h e  d e t e r m i n a t i o n  o f  the  moment 
of ge rmina t ion .  Germina t ion  was determined by  observa t ion  o f  v i s i b l e  
r o o t s  d u r i n g  i n c u b a t i o n  a t  1 5  "C (o), o r  b y  t h e  number o f  damaged 
r o o t s  w h i c h  a p p e a r e d  when t h e  seeds f o l l o w i n g  i n c u b a t i o n  a t  1 5  "C 
w e r e  d e s i c c a t e d  t o  a  m o i s t u r e  c o n t e n t  o f  10% and s u b s e q u e n t l y  r e -  
i n c u b a t e d  a t  30 " C  ( A ) .  

t o t a l  c o n t e n t  r o s e  t o  57 pmol . (1000 seeds)-'. T h i s  i n c r e a s e  c o u l d  be a t -  

t r i b u t e d  f o r  73% t o  a n  a c c u m u l a t i o n  o f  Asp (16X), G l u  (24%) and  G l n  (33%) 

( F i g .  38). The l e v e l  o f  A r g  and Asn d i d  n o t  change o r  t e n d e d  t o  d e c r e a s e  (F ig .  

3A). Measurement  o f  t h e  t o t a l  s o l u b l e  n i t r o g e n  c o n t e n t  i n  t h e  seeds showed 

v a l u e s  t h a t  w e r e  44% h i g h e r  t h a n  t h e  a m i n o  a c i d  c o n t e n t  ( F i g .  4). O b v i o u s l y ,  

o t h e r  compounds w i t h  f r e e  amino groups d i f f e r e n t  f rom amino a c i d s  were present  

i n  t h e  seeds. The i n c r e a s e  i n  b o t h  con ten ts  d u r i n g  i n c u b a t i o n  a t  15 "C showed 

a  good  c o r r e l a t i o n  ( r 2  = 0.992). The same was t r u e  f o r  t h e  i n c r e a s e  i n  t h e  

t o t a l  s o l u b l e  n i t r o g e n  and t h e  a c t i v i t y  o f  G5 ( r 2  = 0.989). S ince G5 a c t i v i t y  

c o u l d  be de te rmined  most a c c u r a t e l y  t h e  p resen t  s tudy  w i l l  concen t ra te  on t h e  

enzyme a c t i v i t y .  The p a t t e r n  o f  change i n  GS a c t i v i t y  i n  t h e  w h o l e  seed 

c o r r e s p o n d e d  w i t h  t h a t  i n  t h e  embryo,  t h e  c o t y l e d o n s  and  t h e  axes  ( F i g .  5). 

Thus, t h e r e  was no need t o  s tudy  c e r t a i n  seed p a r t s  separate ly .  



Fig. 3. The c o n t e n t  o f  t h e  m o s t  a b u n d a n t  a m i n o  a c i d s  d u r i n g  i n c u b a -  
t i o n  o f  l e t t u c e  s e e d s  CV.  M u s e t t e  a t  1 5  "C i n  w a t e r ;  (AA) ( ) i s  
t h e  sum o f  Arg ( m ) ,  Asn (V), Asp (01, Glu  (01, a n d  G l n  ? A ) .  The  
d i f f e r e n c e  be tween  t h e  t o t a l  amino a c i d  c o n t e n t  (AA)total and (AA)5 
was caused  by a b o u t  1 2  minor  amino a c i d s .  

The i n c r e a s e  o f  t h e  d i f f e r e n t  p a r a m e t e r s  o f  s o l u b l e  amino  n i t r o g e n  meta- 

b o l i s m  m a i n l y  o c c u r r e d  a f t e r  t h e  s t a r t  of  g e r m i n a t i o n  a s  d e t e r m i n e d  w i t h  t h e  

d e s i c c a t i o n  m e t h o d  ( F i g .  4). The s i g n i f i c a n c e  o f  GS a c t i v i t y ,  i . e .  o f  G l n  

g e r m i n a t i o n  was proven by e x p e r i m e n t s  w i t h  a  s p e c i f i c  i n h i b i t o r  of  GA a c t i v i t y  

f o r  m e t h i o n i n e  s u l f o x i m i n e  (MSO). When s e e d s  were  incubat 'ed  i n  a  1 m M  s o l u t i o n  

o f  t h i s  i n h i b i t o r ,  G ln  w a s  a b s e n t  i n  t h e  s e e d s  a f t e r  2 4  h  ( d a t a  n o t  shown) .  

MS0 w a s  t e s t e d  a t  2 4  "C, a  t e m p e r a t u r e  t h a t  n e i t h e r  a l l e v i a t e d  n o r  i n d u c e d  

dormancy. MS0 i n h i b i t e d  b o t h  GS a c t i v i t y  and g e r m i n a t i o n  (Fig .  6). ~ e r m i n a t i o n  

was  l e s s  s e n s i t i v e  t o  MS0 t h a n  t h e  enzyme a c t i v i t y .  



(Pre-) incubation period 
F i g .  4. C o m p a r i s o n  b e t w e e n  t h e  moment l e t t u c e  seeds CV. M u s e t t e  
became d e s i c c a t i o n  i n t o l e r a n t  d u r i n g  i n c u b a t i o n  i n  w a t e r  a t  15 " C  
( 0 )  and d i f f e r e n t  parameters o f  s o l u b l e  amino n i t r o g e n  metabol ism: 
f r e e  amino a c i d  c o n t e n t  ( m ) ,  s o l u b l e  amino n i t r o g e n  con ten t  (0) and 
GS a c t i v i t y  (A).  Note t h e  d i f f e r e n t  sca le  and i n t e r c e p t  values. 

The r e s u l t s  p resen ted  i n  F ig.  1A,B showed t h a t  t h e  a l l e v i a t i o n  o f  dormancy 

c e r t a i n l y  d i d  n o t  c o i n c i d e  w i t h  t h e  s t i m u l a t i o n  o f  t h e  s o l u b l e  amino n i t r o g e n  

m e t a b o l i s m .  I n  p a r t i c u l a r  d u r i n g  a  p r e - i n c u b a t i o n  a t  2 "C i n  w a t e r  t h e  g e r -  

m i n a t i o n  c a p a c i t y  a t  30 "C  rose  s e v e r a l  days b e f o r e  t h e  inc rease  of GS a c t i v i -  

ty.  A l s o  d u r i n g  i n c u b a t i o n  a t  1 5  " C  t h e  g e r m i n a t i o n  c a p a c i t y  a t  30 " C  r o s e  

p r i o r  t o  t h e  GS a c t i v i t y .  D u r i n g  p r e - i n c u b a t i o n  i n  w a t e r  t h e  m a i n  r i s e  i n  

enzyme a c t i v i t y  occur red  a f t e r  t h e  s t a r t  of germinat ion.  Dur ing  i n c u b a t i o n  i n  

PEG, however, t h e  de lay  of g e r m i n a t i o n  enabled GS a c t i v i t y  t o  r i s e  t o  consid-  

e r a b l e  values. T h i s  i s  m o s t  c l e a r l y  seen a t  -1.0 MPa, b u t  i t  a l s o  occurred i n  

-1.5 MPa where g e r m i n a t i o n  was c o m p l e t e l y  i n h i b i t e d .  

The s t i m u l a t i v e  e f f e c t  o f  a  p re - incuba t ion  a t  15 " C  on the  germina t ion  a t  

30 "C i s  reduced when t h e  seeds a r e  dehydrated a t  t h e  t r a n s f e r  between the  two 

i n c u b a t i o n  p e r i o d s  (Tab. 1). I n  c o n t r a s t  t o  g e r m i n a t i o n  a t  30 "C G5 a c t i v i t y  

was n o t  reduced by t h e  dehydra t ion  t reatment .  



Incubation period,(h) 

F i g .  5. The GS a c t i v i t y  i n  t h e  e n v e l o p e  ( o ) ,  t h e  a x i s  ( A ) ,  t h e  
c o t y l e d o n s  ( U ) ,  t h e  embryo (V) and i n t a c t  l e t t u c e  s e e d s  CV. M u s e t t e  
( 0) d u r i n g  i n c u b a t i o n  i n  w a t e r  a t  15  " C .  

When l e t t u c e  s e e d s  were  d i r e c t l y  sown a t  3 0  " C  dormancy was  s t r e n g t h e n e d ,  

a s  c o u l d  b e  s e e n  a t  a  s u b s e q u e n t  g e r m i n a t i o n  e x p e r , i m e n t  a t  24 " C  ( F i g .  7). 

A l s o  i n  t h i s  e x p e r i m e n t  t h e  c h a n g e  i n  GS a c t i v i t y  d i d  n o t  c o r r e s p o n d  t o  t h e  

l e v e l  o f  dormancy. Germina t ion  a t  24 " C  of  n o t  p r e t r e a t e d  s e e d s  was  l o w e r  t h a n  

i n  t h e  e x p e r i m e n t  w i t h  M S 0  (Fig .  6) where  s e e d s  had t o  b e  p u n c t u r e d  t o  e n a b l e  

t h e  p e n e t r a t i o n  o f  MSO. 



T a b l e  1. The i n f l u e n c e  o f  d e s i c c a t i o n  t o  5% m o i s t u r e  c o n t e n t  on GS 
a c t i v i t y  and germina t ion  a t  30 " C  a f t e r  pre- incubat ion i n  water  a t  1 5  
"C.  

Durat ion of GS a c t i v i t  Germination 
pre- incubat ion vmol . l000 seeds-'. min-l E a t  30 " C  

( h )  no t  d r i e d  d r i e d  not d r i e d  d r i e d  

F i g -  6 .  G e r m i n a t i o n  (0) and  6 5  a c t i v i t y  ( A )  o f  l e t t u c e  s e e d s  C V .  

Muset te  d u r i n g  i n c u b a t i o n  i n  MS0 a t  24 "C. Seeds were punctured wi th  
a  d i s s e c t i n g  n e e d l e  2 hours  a f t e r  i m b i b i t i o n  t o  improve p e n e t r a t i o n  
of t h e  i n h i b i t o r .  Enzyme a c t i v i t y  was measured 24 h a f t e r  i m b i b i t i o n ,  
germina t ion  was scored  24 h  l a t e r .  



(Pre-) incubation period,(h) 

Fig. 7. The i n f l u e n c e  o f  p r e - i n c u b a t i o n  i n  -0.5 MPa PEG a t  30 " C  o n  
GS a c t i v i t y  (0) a n d  g e r m i n a t i o n  ( A )  i n  w a t e r  a t  2 4  " C  o f  l e t t u c e  
s e e d s  C V .  Muse t t e .  

Discussion 

The p r e s e n t  s t u d y  h a s  c l e a r l y  shown t h a t  a t  1 5  " C  t h e  s t i m u l a t i o n  o f  t h e  

l e v e l  o f  s o l u b l e  a m i n o  n i t r o g e n  c o m p o u n d s  a n d  o f  t h e  GS a c t i v i t y  c o i n c i d e d  

w i t h  t h e  s t a r t  o f  v i s i b l e  g e r m i n a t i o n  ( F i g .  2 ,  4 ) ,  b u t  o c c u r r e d  much l a t e r  

t h a n  t h e  s t i m u l a t i o n  o f  t h e  g e r m i n a t i o n  c a p a c i t y  a t  3 0  " C  ( F i g .  1 ) .  A l s o  

s e v e r a l  o t h e r  e x p e r i m e n t s  ( F i g s .  1, 6 ,  Tab. 1 )  s u p p o r t e d  t h e  g e n e r a l  con-  

c l u s i o n  t h a t  c h a n g e s  i n  t h e  l e v e l  o f  d o r m a n c y  o f  l e t t u c e  s e e d s  o c c u r r e d  i n -  

d e p e n d e n t l y  o f  t h e  s t i m u l a t i o n  o f  s o l u b l e  a m i n o  n i t r o g e n  m e t a b o l i s m .  Our  

c o n c l u s i o n  d i f f e r s  s t r o n g l y  f r o m  t h e  s t u d i e s  o f  T a k e b a  ( 1 9 8 0 a , b , c , d )  who 

s u g g e s t e d  t h a t  t h e  a c c u m u l a t i o n  o f  a m i n o  a c i d s  w a s  t h e  c a u s e  o f  s t i m u l a t e d  

g e r m i n a t i o n  by l i g h t ,  g rowth  r e g u l a t o r s  o r  l ow t e m p e r a t u r e s .  A f i r s t  r e a s o n  

f o r  t h i s  c o n t r o v e r s y  might  b e  t h a t  g e r m i n a t i o n ,  a c c o r d i n g  t o  o u r  d e f i n i t i o n  



s t a r t e d  3  h  e a r l i e r  t h a n  v i s i b l e  germina t ion .  The l a t t e r  c r i t e r i u m  i s  t h e  most 

common one and  was u s e d  b y  Takeba (1980a,b,c,d). The m a j o r  r e a s o n  f o r  t h e  

con t roversy  i s  t h a t  i n  our  s t u d i e s  e f f e c t s  on dormancy and g e r m i n a t i o n  c o u l d  

be b e t t e r  s e p a r a t e d .  P r e - i n c u b a t i o n  a t  2  " C  i n  w a t e r  o r  a t  1 5  " C  i n  PEG 

e n a b l e d  a l l e v i a t i o n  o f  do rmancy  b u t  i n h i b i t e d  g e r m i n a t i o n  and t h e r e f o r e  

a l lowed sharper  c o n c l u s i o n s  

The p r e - i n c u b a t i o n  a t  1 5  " C  i n  PEG s o l u t i o n  r e v e a l e d  t h a t  a l t h o u g h  t h e  

s t i m u l a t i o n  o f  amino n i t r o g e n  metabol ism i s  n o t  c o r r e l a t e d  t o  a l l e v i a t i o n  o f  

dormancy i t  may n e v e r t h e l e s s  occur  p r i o r  t o  the  s t a r t  o f  v i s i b l e  germina t ion .  

Also Takeba (1980c,v) and Thanos (1984) showed t h a t  t h e  accumula t ion  o f  s o l -  

ub le  amino n i t r o g e n  compounds con t inued  d u r i n g  osmot i c  incuba t ion .  A  s t i m u l a -  

t i 0 n  of enzyme a c t i v i t y  d u r i n g  osmot i c  p re t rea tment  has a l s o  been observed by 

Khan e t  a l .  (1978) .  I n  t h e  p r e s e n t  e x p e r i m e n t s  t h e  c o n c e n t r a t i o n  o f  s o l u b l e  

amino  n i t r o g e n  compounds i n c r e a s e d  d u r i n g  i n c u b a t i o n  i n  -1.0 MPa PEG w i t h  

about 20 nmol.seed-l ( chap te r  7). I f  i t  was assumed t h a t  1 m 0 1  N compound i s  

u n d i s s o c i a t e d  and  t h e r e f o r e  h a s  a  s i m i l a r  e f f e c t  on  $n as 1 pm01 m a n n i t o l ,  

c a l c u l a t i o n s  a c c o r d i n g  t o  M i c h e l  (1983) l e a r n e d  t h a t  decreased w i t h  -0.06 

MPa d u r i n g  5 days i n  -1.0 MPa PEG. Th is  change was n o t  r e s t r i c t e d  t o  the  a x i s  

o n l y ,  b u t  seemed t o  b e  s i m i l a r  i n  a l l  p a r t s  o f  t h e  embryo ( F i g .  5). I t  h a s  t o  

b e  s t u d i e d  w h e t h e r  t h i s  change  can  e x p l a i n  t h e  e x t r a  e f f e c t  t h a t  a  p r e -  

i n c u b a t i o n  i n  PEG had on e.g. t h e  d e s i c c a t i o n  t o l e r a n c e  o f  seeds (chapter  2). 

The p r e s e n t  s t u d y  showed t h a t  o s m o t i c  p r e t r e a t m e n t  may a l s o  have  l e s s  

P r e f e r a b l e  e f fec ts .  A t  15 " C  i n c u b a t i o n  i n  PEG c l e a r l y  i n h i b i t e d  a l l e v i a t i o n  

of dormancy (F ig.  1A). S ince a l l e v i a t i o n  o f  p r i m a r y  dormancy o f t e n  occurs a t  

the  same tempera tu res  as i n d u c t i o n  of secondary dormancy ( T o t t e r d e l l  & Rober ts  

1979(, t h e  l a t t e r  p rocess  o b v i o u s l y  became dominant a f t e r  a  c e r t a i n  p e r i o d  of 

t i m e  (Fig. 1 A ) ,  t h u s  t u r n i n g  t h e  b e n e f i c i a l  e f f e c t  o f  p re - incuba t ion  i n t o  i t s  

oppos i te .  

Our s tudy  was r e s t r i c t e d  t o  s o l u b l e  amino n i t r o g e n  compounds t h a t  form 0.52 

o f  t o t a l  seed  d r y  w e i g h t .  A l s o  s u g a r s  d i d  n o t  a c c u m u l a t e  b e f o r e  v i s i b l e  

W r m i n a t i o n  ( H a l m e r  e t  a l .  1978) .  B e s i d e s  GS a l s o  o t h e r  enzymes p l a y  an i m -  

P o r t a n t  r o l e  i n  t h e  b i o s y n t h e s i s  of amino a c i d s  i n  g e r m i n a t i n g  seeds ( ~ i f l i n  

Lea 1977). GS i s  p robab ly  t h e  ma jo r  enzyme f o r  f o r m a t i o n  of Gln from Glu and 

s i n c e  a p p l i c a t i o n  o f  MS0 t o t a l l y  removed Gln from the  seeds. The abundance 

o f  A r g  and  Asn i n  t h e  d r y  s e e d  ( F i g .  3 )  a g r e e d  w i t h  t h e  common f i n d i n g  t h a t  
these two  compounds a r e  o f t e n  used f o r  s to rage  i n  p l a n t s  ( ~ i f l i n  Lea 1977)- 



The s p e c i f i c  i n c r e a s e  o f  t h e  c o n t e n t  o f  Asp, G l u  and  G l n  d u r i n g  g e r m i n a t i o n  

(Fig. 3, Takeba 1980a) agreed w i t h  t h e  common pathways f o r  t h e  u t i l i z a t i o n  o f  

s t o r a g e  N-compounds. 

T h i s  s tudy  l e a v e s  t h e  q u e s t i o n  open how dormancy o f  l e t t u c e  seeds i s  broken 

and g e r m i n a t i o n  i s  s t i m u l a t e d .  C o r r e l a t i o n  t o  a  d e c r e a s e d  o s m o t i c  p o t e n t i a l  

seems u n l i k e l y ,  however .  S c h o p f e r  & P l a c h y  (1985)  u n d e r l i n e d  t h e  c r u c i a l  

f u n c t i o n  of changes i n  c e l l  w a l l  e x t e n s i b i l i t y  f o r  t h e  i n c r e a s e  o f  t h e  g r o w t h  

p o t e n t i a l  o f  seeds. We w i l l  e x t e n d  o u r  s t u d i e s  t o  t h e s e  p a r a m e t e r s  ( c h a p t e r  

7 )  



CHAPTER 7 

GERMINATION- AND DORMANCY-RELATED CHANGES I N  THE WATER RELATIONS OF LETTUCE 

SEEDS 



A b s t r a c t  

P re - incuba t ion  o f  l e t t u c e  seeds CV. Cap i tan  d u r i n g  24 h  a t  15 "C i n  water ,  

i n  darkness, s h i f t s  b o t h  t h e  maximum tempera tu re  f o r  50% g e r m i n a t i o n  upwards, 

f rom 26 t o  36 "C, and t h e  minimum e x t e r n a l  osmot i c  p o t e n t i a l  f o r  50% germina- 

t i o n  ($50)  downwards f r o m  -0.8 t o  -1.3 MPa. P r e - i n c u b a t i o n  a t  30 " C  h a s  an  

oppos i te  e f f e c t ,  T50 decreases and inc reases ,  w h i l e  a t  24 " C  h a r d l y  any 

change occurs. The changes i n  b o t h  parameters show a  l i n e a r  r e l a t i o n s h i p .  Such 

a  r e l a t i o n s h i p  i s  a l s o  found when T50 and $50 a r e  compared o f  cvs. Capitan, 

R a v e l  and  2 b a t c h e s  o f  CV.  M u s e t t e  w i t h  a  r a n g e  o f  T r j O  v a l u e s .  I n  h a l f  seeds,  

c o n t a i n i n g  t h e  r a d i c l e ,  T50 o f  a l l  c u l t i v a r s  s h i f t s  t o  tempera tu res  above 36 

"C and $50 decreases cons iderab ly .  A$50 ($50 intact-$5o half) i s  0.29 MPa f o r  

Ravel  b u t  0.93 MPa f o r  Musette. I t  i s  concluded t h a t  l a c k  o f  e x t e n s i b i l i t y  i n  

endosperm c e l l  w a l l s  i s  t h e  m a j o r  cause  o f  l o w  TSO.  P r e - i n c u b a t i o n  a t  l o w  

t e m p e r a t u r e  b r i n g s  T50, $50 and  A$50 o f  M u s e t t e  seeds  c l o s e  t o  u n t r e a t e d  

Ravel seeds. 

Psychrometr ic  measurements o f  t h e  a c t u a l  wa te r  p o t e n t i a l  ($) and t h e  osmo- 

t i c  p o t e n t i a l  ( q T )  o f  Cap i tan  seeds show t h a t  b o t h  parameters do n o t  change 

i n  t h e  p e r i o d  b e t w e e n  t h e  end  o f  i m b i b i t i o n  and  t h e  s t a r t  o f  v i s i b l e  g r o w t h  

and a r e  n o t  a f f e c t e d  by  t e m p e r a t u r e .  $ a l w a y s  e q u a l s  z e r o  and  qT h a s  a  

v a l u e  o f  -0.9 MPa. Thus, p r e - i n c u b a t i o n  i n  w a t e r  causes n o t  an accumula t ion  of 

o s m o t i c  compounds. Based on t h e  g e n e r a l  e q u a t i o n  o f  e x t e n s i o n  g r o w t h  i n -  

h i b i t i o n  o f  g e r m i n a t i o n  i s  r e g a r d e d  a s  a  s t e a d y  s t a t e  g r o w t h  r a t e  o f  z e r o .  

Wi thou t  g r o w t h  $50 equa ls  $,,, + Y, where Y i s  t h e  y i e l d  t h r e s h o l d  o f  t u r g o r  

p ressure  f o r  c e l l  extens ion.  Y was c a l c u l a t e d  f r o m  measured $50 and $v a f t e r  

c o r r e c t i o n  o f  $,,, f o r  t h e  d e c r e a s e  a t  $50 .  The e f f e c t  o f  t e m p e r a t u r e  on  

g e r m i n a t i o n  c o r r e l a t e s  w i t h  Y. A l l e v i a t i o n  o f  do rmancy  a t  1 5  "C c o r r e l a t e s  

w i t h  a  decrease of Y and i n d u c t i o n  o f  dormancy a t  30 "C w i t h  an i n c r e a s e  o f  Y. 

I n t r o d u c t i o n  

G e r m i n a t i o n  p r o c e s s e s  i n  seeds  u l t i m a t e l y  l e a d  t o  t h e  s t a r t  o f  c e l l  ex-  

pansion which i s  f o l l o w e d  by t h e  p r o t r u s i o n  o f  t h e  expanding embryo th rough  

t h e  s u r r o u n d i n g  l a y e r s  and t h e  b e g i n n i n g  o f  v i s i b l e  g r o w t h .  T a k i n g  i n t o  



accoun t  t h e  c e n t r a l  r o l e  o f  c e l l  e x p a n s i o n  i t  m i g h t  b e  e x p e c t e d  t h a t  g e r -  

m i n a t i o n  i s  c o n t r o l l e d  v i a  t h e  r e g u l a t i o n  o f  t h e  wa te r  r e l a t i o n s  o f  a  seed. I t  

has indeed been shown t h a t  g e r m i n a t i o n - s t i m u l a t i n g  f a c t o r s ,  l i k e  l i g h t  and the  

g r o w t h  r e g u l a t o r s  g i b b e r e l l i n s ,  c y t o k i n i n s  and  e t h y l e n e ,  e n a b l e  seeds  o r  

i s o l a t e d  embryonic  axes t o  expand i n  much more n e g a t i v e  osmot i c  p o t e n t i a l s  o f  

the i n c u b a t i o n  medium ( $,e ) ( C a r p i t a  e t  a l .  1979c, Hegar ty  & Ross 1979, Negm 

Smi th  1978, Takeba & Matsubara 1979). Germina t ion  i n h i b i t i n g  f a c t o r s  l i k e  

h igh  tempera tu res  and a b s c i s i c  a c i d  cause t h e  oppos i te  e f f e c t  ( C a r p i t a  e t  a l .  

1 9 7 9 ~ ~  Reynolds 1975, Takeba & Matsubara 1979). The changed r e a c t i o n  t o  qne 
which has o f t e n  been descr ibed  as a  change i n  t h e  g rowth  p o t e n t i a l  (GP) o f  t h e  

seed, wh ich  has o f t e n  been i d e n t i f i e d  e r roneous ly  w i t h  a  change i n  t h e  a c t u a l  

w a t e r p o t e n t i a l  o f  t h e  seeds ( $ ) ( f o r  re fe rences  see Schopfer & Plachy 1985). 

Nabors and Lang (1971), however, demonstrated t h a t  i n  l i g h t - t r e a t e d  embryos o f  

l e t t u c e  t h e  c r i t i c a l  was 7  b a r  l o w e r  than i n  t h e  dark c o n t r o l ,  a l though  

t h e  a c t u a l  $ was c l o s e  t o  z e r o  i n  b o t h  l i g h t  and  darkness .  I t  h a s  been  

thought t h a t  t h e  i n c r e a s e  i n  t h e  c a p a c i t y  o f  l e t t u c e  seeds t o  overcome osmot ic  

s t r e s s  was due  t o  a  c o m b i n a t i o n  o f  d e c r e a s e d  $, o f  t h e  axes  caused  b y  a  

s h i f t  o f  c a t i o n s  ( p r o b a b l y  K+ and Na+) f r o m  c o t y l e d o n s  t o  axes, and an i n -  

c r e a s e d  c e l l  w a l l  l o o s e n i n g  b y  H+ s e c r e t i o n  ( C a r p i t a  e t  a l .  1979b). A l s o  t h e  

accumula t ion  o f  f r e e  amino a c i d s  i n  t h e  r o o t l e t  t i p  was h e l d  respons ib le  f o r  

the  change (Takeba 1980a). 

I t  i s  t h e  g e n e r a l  a i m  of ou r  s t u d i e s  on l e t t u c e  seeds t o  l o c a l i z e  t h e  s i t e  

of a c t i o n  o f  t e m p e r a t u r e  p r e t r e a t m e n t s  t h a t  change t h e  dormancy o f  t h e  seeds. 

We c h a r a c t e r i z e  dormancy by  t h e  v a l u e  o f  the  upper temperature l i m i t  of  9er-  

m ina t ion ,  i n d i c a t e d  by T50, t h e  maximum temperature f o r  50% germinat ion.  Pre- 

i n c u b a t i o n  a t  tempera tu res  below o r  above t h e  a c t u a l  T50 o f  a  seed lo t  s h i f t e d  

the  parameter  t o  h i g h e r  o r  l o w e r  values, r e s p e c t i v e l y  (see chap te rs  2 and 3). 

I t  i s  o u r  a t t e m p t  t o  s e p a r a t e  t h e  causes  and r e s u l t s  o f  t h e s e  changes i n  

g e r m i n a t i o n  c a p a c i t y .  T h i s  a p p r o a c h  showed u s  b e f o r e  t h a t  seeds o f  t h e  

l e t t u c e  c u l t i v a r  Muse t te  developed d u r i n g  p re - incuba t ion  a t  15 " C  t h e  c a p a c i t y  

t o  g e r m i n a t e  a t  30 "C much e a r l i e r  t h a n  t h e  r i s e  i n  s o l u b l e  amino  n i t r o g e n  

compounds ( c h a p t e r  6). T h e r e f o r e ,  i t  seems u n l i k e l y  t h a t  a  change i n  o f  

t h e  s e e d  i s  t h e  d i r e c t  cause  o f  t h e  change i n  g e r m i n a t i o n  c a p a c i t y .  I n  t h e  

Present  s tudy  we will f u r t h e r  analyze t h e  p h y s i c a l  ~ a r a m e t e r s  t h a t  govern t h e  
wate r  r e l a t i o n s  o f  seeds. F i r s t ,  we s tudy  t h e  r e l a t i o n s h i p  between changes i n  

T50 a n d  t h e  c r i t i c a l  t h a t  s t i l l  a l l o w s  50% g e r m i n a t i o n .  Second, t h e  



e f f e c t s  o f  t e m p e r a t u r e  d u r i n g  i n c u b a t i o n  a t  v a r i o u s  t e m p e r a t u r e s  on $ and 

, w i l l  be  measured by psychrometry .  

The t h e o r e t i c a l  f ramework o f  t h e  p r e s e n t  e x p e r i m e n t s  is b a s e d  on t h e  s t u d y  

o f  S c h o p f e r  & Plachy (1985). T h e i r  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  d u r i n g  v i s -  

i b l e  g e r m i n a t i o n  expanding r o o t l e t s  of  B r a s s i c a  napus  s e e d s  showed t h e  c h a r a c -  

t e r i s t i c s  o f  s t e a d y  s t a t e  g r o w t h ,  t h a t  c a n  b e  d e s c r i b e d  w i t h  t h e  e q u a t i o n  

(Lockhar t  1965)  : 

d V 
where  (m3.s-l) is t h e  r a t e  of  v o l u m e t r i c  g r o w t h ,  m ( I ~ ~ . s - ~ . M P ~ - ~ )  is a  

r a t e  c o e f f i c i e n t  a t t r i b u t e d  t o  c e l l  w a l l  e x t e n s i b i l i t y ,  L (m3 . s -1 .~~a '1 )  i s  

t h e  w a t e r  c o n d u c t i v i t y  o f  t h e  t i s s u e ,  A$, (MPa) is t h e  d i f f e r e n c e  i n  o s m o t i c  

p o t e n t i a l  o f  medium ($,, ) a n d  c e l l  ($, ) a n d  Y (MPa) i s  a  y i e l d  t h r e s h o l d  

(minimum t u r g o r  r e q u i r e d  f o r  w a l l  e x p a n s i o n ) .  The a n a l y s i s  o f  L o c k h a r t  i s  

based  on t h e  f a c t  t h a t  d u r i n g  s t e a d y  s t a t e  g r o w t h  t h e  r a t e  o f  w a t e r  i n f l u x  

d  V - = L A $  f o r  $,- > = O  
d t  

must e q u a l  t h e  r a t e  o f  i r r e v e r s i b l e  v o l u m e t r i c  expans ion  of  t h e  c e l l  w a l l s  

where  A$(MPa) is t h e  d i f f e r e n c e  i n  w a t e r  p o t e n t i a l  o f  t h e  medium 

( qe = $,, ) a n d  t h e  c e l l  (11, = $, + $ ) a n d  $ (MPa) i s  t h e  t u r g o r  p r e s s u r e .  P  P  
When e q u a t i o n  (1) is r e w r i t t e n  a s  

i t  is s e e n  t h a t  t h e  v a l u e  of t h a t  c a u s e s  a  s t e a d y  s t a t e  w a t e r  u p t a k e  ( i s  

g r o w t h )  r a t e  o f  z e r o  e q u a l s  ( $,+ Y). S c h o p f e r  & P l a c h y  ( 1 9 8 5 )  s i g n i f i e d  t h e  

l a t t e r  e x p r e s s i o n  a s  GP, w h i c h  h a s  t h e r e f o r e  a  n e g a t i v e  v a l u e .  I n  s o  f a r  a s  

z e r o  g r o w t h  c o i n c i d e s  w i t h  i n h i b i t i o n  o f  v i s i b l e  g e r m i n a t i o n ,  t h e  d e t e r m i -  

n a t i o n  o f  $,e50 ( t h e  minimum o s m o t i c  p o t e n t i a l  of  t h e  medium t h a t  a l l o w s  50% 

g e r m i n a t i o n ,  f o r  s h o r t  $50), i n  c o m b i n a t i o n  w i t h  t h e  p s y c h r o m e t r i c  measure-  

m e n t  o f  $, o f  t h e  s e e d s ,  e n a b l e d  c a l c u l a t i o n  o f  Y .  The g e r m i n a t i o n  e x p e r i -  
d  V men t s  p r o v i d e d  no means t o  d e t e r m i n e  m ,  L and - . 
d t  



D i r e c t  measurement of J, and J,, opened a  second way t o  judge whether w a t e r  

uptake d u r i n g  g e r m i n a t i o n  i s  c o n t r o l l e d  by changes i n  J, o r  $  accord ing  t o  
TT P  

e = J,, + ep + e m  ( 5 )  

where Qrn (MPa) i s  t h e  m a t r i x p o t e n t i a l  t h a t  a p p r o a c h e s  z e r o  a t  t h e  end  o f  

i m b i b i t i o n .  

A b b r e v i a t i o n s  

PEG - 

T50 - 
e - 

P o l y e t h y l e n e  g l y c o l  

Maximum temperature f o r  502 germina t ion  ( "C)  

Water p o t e n t i a l  (MPa) 

Osmotic p o t e n t i a l  (MPa) 

Osmotic p o t e n t i a l  o f  t h e  e x t e r n a l  medium (MPa) 

Minimum e v e  f o r  50% germina t ion  (MPa) 

M a t r i x  p o t e n t i a l  (MPa) 

Pressure  p o t e n t i a l  (MPa) 

Y i e l d  t h r e s h o l d  of J, f o r  i r r e v e r s i b l e  growth ( M P ~ )  
P  

C e l l  w a l l  e x t e n s i b i l i t y  (m3 . S - ~ . M P ~ - ~ )  

Water c o n d u c t i v i t y  (m3.s-'.~pa) 

Growth p o t e n t i a l  (MPa) 

M a t e r i a l  and Methods 

Seed m a t e r i a l  and g e r m i n a t i o n  c o n d i t i o n s  

Seeds o f  l e t t u c e  (Lactuca s a t i v a  L.) were ob ta ined  f rom Dutch p l a n t  breed- 

i n g  f i r m s :  CV. C a p i t a n  ( ~ 0 6 4 3 8 / 0 3 1 7 2 2 )  f rom R i j k  Zwaan, De L i e r  i n  1983 and 

two  ba tches  o f  CV. Muse t te  from Enza Zaden, Enkhuizen. Batch 82985 ( i n d i c a t e d  

as Musettez0) and b a t c h  82889 (MusetteZ5) were harves ted  f rom p l a n t s  grown a t  

d i f f e r e n t  e n v i r o n m e n t a l  c o n d i t i o n s ,  t h e  number i n d i c a t e s  T50 i n  darkness. The 

s e e d s  w e r e  s t o r e d  a t  5  "C u n t i l  use. The e x p e r i m e n t s  were  p e r f o r m e d  i n  1985  

and 1986. T r i p l i c a t e s  o f  50 seeds were sown i n  5  cm P e t r i  d i shes  on one l a y e r  



of f i l t e r  paper (Sch le icher  & S c h i j l l  No. 595) mois tened w i t h  1.5 m 1  d i s t i l l e d  

w a t e r .  A f t e r  p r e - i n c u b a t i o n  s e e d s  w e r e  s u r f a c e - d r i e d  b y  s u c t i o n  on  f i l t e r  

p a p e r  i n  a  BDchner  f u n n e l  and  t r a n s f e r r e d  t o  f r e s h  f i l t e r  p a p e r  i n  a n o t h e r  

P e t r i  dish. T h e r e a f t e r  seeds were e i t h e r  d i r e c t l y  used f o r  d e t e r m i n a t i o n  of 

m o i s t u r e  c o n t e n t ,  $ o r  $, , o r  t h e  seeds  w e r e  t r a n s f e r r e d  t o  g e r m i n a t i o n  

c o n d i t i o n s  a f t e r  m o i s t e n i n g  t h e  f i l t e r  paper w i t h  1.5 m1 d i s t i l l e d  w a t e r  o r  

p o l y e t h y l e n e  g l y c o l  (PEG) s o l u t i o n ,  w i t h  o r  w i t h o u t  a  p reced ing  r e d e s i c c a t i o n  

t rea tment .  Redes icca t ion  occur red  i n  t h e  h y g r o s t a t  above s a t u r a t e d  s a l t  so lu -  

t i o n s  a s  d e s c r i b e d  i n  c h a p t e r  5. S u r f a c e - d r i e d  seeds  i n  P e t r i  d i s h e s  were  

p laced  i n  t h e  h y g r o s t a t  u n t i l  t h e  m o i s t u r e  c o n t e n t  o f  t h e  seeds was i n  equi -  

l i b r i u m  w i t h  t h e  r e l a t i v e  h u m i d i t y  o f  t h e  a t m o s p h e r e  ( 2 4  h).  The m o i s t u r e  

c o n t e n t  o f  t h e  seeds  was d e t e r m i n e d  b y  w e i g h i n g  (2 0.1 mg) 100  mg seeds  i n  

l i t t l e  v i a l s  b e f o r e  and a f t e r  oven d r y i n g  a t  130 "C d u r i n g  1.5 h. 

I n  some g e r m i n a t i o n  exper iments  h a l f  seeds were used. The t o p  h a l f  o f  t h e  

seeds, c o n s i s t i n g  o f  p a r t  o f  t h e  envelope and t h e  coty ledons,  was removed w i t h  

a  r a z o r  b l a d e .  These m a n i p u l a t i o n s  w e r e  c o n d u c t e d  i n  a  h u m i d  chamber  (98% 

r.h.) t o  p reven t  evapora t ion  o f  t h e  seeds. 

PEG was o b t a i n e d  f r o m  Serva ,  H e i d e l b e r g ,  F.R.G. O s m o t i c  p o t e n t i a l  o f  PEG 

s o l u t i o n s  was c a l c u l a t e d  accord ing  t o  M i c h e l  (1983). G e r m i n a t i o n  o c c u r r e d  i n  

a l l  exper iments i n  darkness a t  d i f f e r e n t  tempera tu res  wh ich  were r e a l i z e d  i n  

c o o l e d  i n c u b a t o r s  (Ga l lenkamp,  C r a w l e y ,  U.K. T+1 - "C). D u r i n g  i n c u b a t i o n  i n  

wa te r  g e r m i n a t i o n  was counted a f t e r  2  days, when i n c u b a t i o n  o c c u r r e d  i n  PEG 

s o l u t i o n s  g e r m i n a t i o n  was counted r e g u l a r l y ,  t h e  i n t e r v a l  depending on tem- 

p e r a t u r e  and osmot i c  p o t e n t i a l .  A r e f r a c t o m e t e r  was used t o  check t h e  osmot i c  

p o t e n t i a l  o f  t h e  PEG s o l u t i o n  ( $ ). When h a d  d e c r e a s e d  m o r e  t h a n  0.1 n e 
MPa t h e  PEG s o l u t i o n  was ref reshed.  Count ing o f  g e r m i n a t i o n  d u r i n g  i n c u b a t i o n  

i n  PEG s o l u t i o n s  p r o c e e d e d  u n t i l  no  seeds  had  g e r m i n a t e d  b e t w e e n  t w o  sub-  

sequent coun ts .  

A l l  man ipu la t ions  were conducted i n  dim green l i g h t  o b t a i n e d  by f i l t e r i n g  

i r r a d i a t i o n  f r o m  one g r e e n  f l u o r e s c e n t  t u b e  ( P h i l i p s  TL 40W/17) t h r o u g h  2  

l a y e r s  o f  y e l l o w  no. 46 and 2  l a y e r s  o f  b l u e  no. 62 C i n e m o i d  f i l t e r s  ( s t r a n d  

E l e c t r i c ,  London, U.K.). 

The amount of s o l u t e s  i n  t h e  seeds can be c a l c u l a t e d  f rom t h e  v a l u e s  o f  $, 
and m o i s t u r e  c o n t e n t .  The a b s o l u t e  amount  o f  w a t e r  i n  s e e d s  was c a l c u l a t e d  

f r o m  m o i s t u r e  c o n t e n t  on  f r e s h  w e i g h t  b a s i s  and d r y  w e i g h t  o f  t h e  seeds  

( c a p i t a n  1 seed = 1.071 mg, M ~ s e t t e ~ ~  l seed = 1.026 rng). If i t  was assumed 



t h a t  t h e  c e l l s  o n l y  c o n t a i n e d  m a n n i t o l  t h e  amount o f  m a n n i t o l  n e c e s s a r y  t o  

r e a c h  t h e  m e a s u r e d  v a l u e  o f  $, c o u l d  be c a l c u l a t e d  a c c o r d i n g  t o  M i c h e l  

(1983). 

Water p o t e n t i a l  ( $ )  o f  l e t t u c e  seeds was determined w i t h  a  thermocouple 

p s y c h r o m e t e r .  A  C52 s a m p l e  chamber (Wescor ,  Logan, U.S.A.) was a d a p t e d  f o r  

c o n n e c t i o n  t o  a  NT-3 N a n o v o l t m e t e r  (Decagon, P u l l m a n ,  U.S.A.). The sample  

chamber was p l a c e d  i n  a  h u m i d  chamber (95-100% r.h., 25 "C), t o  p r e v e n t  

e v a p o r a t i o n  d u r i n g  m a n i p u l a t i o n s  w i t h  t h e  seeds. Samples  o f  1 0  s u r f a c e  d r y  

seeds were i n t r o d u c e d  i n  t h e  measuring chamber (2.3 mm deep, 7.2 mm d iameter) .  

Water vapour e q u i l i b r a t i o n  was reached a f t e r  about 0.5 h). For  measurements, 

read ings  were taken  0.5, 1.0 and 1.5 h  a f t e r  c l o s i n g  t h e  measuring chamber and 

averaged. The h i g h e s t  v a l u e  i n  p V  of the  i n s t r u m e n t  was read a f t e r  a  standard- 

i z e d  c o o l i n g  t i m e  o f  20 s. 

Osmotic p o t e n t i a l  ( $ ) of t h e  seeds was determined by  t h e  same procedure 
1T 

u s i n g  s a m p l e s  o f  1 0  s e e d s  w h i c h  were  f r o z e n  i n  l i q u i d  n i t r o g e n  i n  s m a l l  

p l a s t i c  v i a l s  and thawed f o r  5  m in  a t  25 "C. The seeds were homogenized b e f o r e  

t h e  measurement by means of c r u s h i n g  t h e  seeds i n  t h e  measuring chamber w i t h  a  

c o p p e r  r o d .  W a t e r  v a p o u r  e q u i l i b r a t i o n  was r e a c h e d  a f t e r  a b o u t  1 0  min. F o r  

measurements, read ings  were taken  10  min, 20 min, and 30 min a f t e r  c l o s i n g  t h e  

measuring chamber and averaged. The va lue  a f t e r  30 m i n  was a lways about 0.2 v V  
h i g h e r  t h a n  t h e  v a l u e  o b t a i n e d  a f t e r  1 0  m i n  e q u i l i b r a t i o n ,  p r o b a b l y  due t o  

enzymic r e a c t i o n s  t a k i n g  p l a c e  i n  t h e  seeds. 

The i n s t r u m e n t  was c a l i b r a t e d  w i t h  PEG s o l u t i o n s ,  t h e  $, of t h e  s o l u t i o n s  

was c a l c u l a t e d  accord ing  t o  M i c h e l  (1983). The regress ion  l i n e  d e s c r i b i n g  t h e  

r e l a t i o n  between $,, and p V  was descr ibed  by : y P V  = 0.39 + 0.31 X . 



Results 

E f f e c t  o f  p r e - i n c u b a t i o n  t e m p e r a t u r e  on Tgn  and 

D u r i n g  p r e - i n c u b a t i o n  i n  w a t e r  a t  1 5  "C s e e d s  o f  l e t t u c e  C V .  C a p i t a n  de-  

v e l o p e d  t h e  c a p a c i t i e s  t o  g e r m i n a t e  b o t h  i n  w a t e r  a t  i n c r e a s i n g l y  h i g h e r  

t e m p e r a t u r e s  ( F i g .  1A) a n d ,  a t  2 4  'C, a t  d e c r e a s i n g l y  l o w e r  ( i . e .  m o r e  n e g a -  

t i v e )  o s m o t i c  p o t e n t i a l s  (Fig.  18).  The c h a r a c t e r i z a t i o n  of  t h e  e f f e c t s  by Tt jO  

a n d  $50 is  s h o w n  i n  F i g .  1A,B. 

Fig. l. I n f l u e n c e  o f  t h e  l e n g t h  o f  pre-incubation periad a t  15 " C  i n  
w a t e r  a n d  d a r k n e s s  on s u b s e q u e n t  g e r m i n a t i o n  o f  l e t t u c e  s e e d s  C V .  

C a p i t a n  a t  v a r i o u s  t e m p e r a t u r e s  (A) o r  i n  PEG s o l u t i o n s  w i t h  v a r i o u s  
o s m o t i c  p o t e n t i a l s  ( ) a t  2 4  'C (B). S e e d s  w e r e  p r e - i n c u b a t e d  
d u r i n g  2  h  ( A ) ,  8 h  (me), 1 2  h  ( V )  1 6  h  (0); 2 0  h  (0) o r  2 4  h  
($1, s u r f a c e  d r i e d  a n d  s u b s e q u e n t l y  i n c u b a t e d  a t  t h e  g e r m i n a t i o n  
t e m p e r a t u r e  (A)or  i n  t h e  PEG s o l u t i o n  (B). The c l o s e d  c i r c l e s  r e -  
p r e s e n t  t h e  u n t r e a t e d  c o n t r o l  s e e d s .  The t e m p e r a t u r e  (A) a n d  t h e  
o s m o t i c  p o t e n t i a l  (B) a t  w h i c h  50% o f  t h e  s e e d s  g e r m i n a t e d  f o r  o n e  
s p e c i f i c  t r e a t m e n t  is i n d i c a t e d .  
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Fig. 2. I n f l u e n c e  o f  l e n g t h  and  t e m p e r a t u r e  o f  p r e - i n c u b a t i o n  i n  
w a t e r  on  T ( A )  and  $ 5 0  (B) o f  l e t t u c e  seeds  C V .  C a p i t a n .  P r e -  
i n c u b a t i o n 5 ~ e m p e r a t u r e s  w e r e  1 5  "C (01, 24 "C ( A )  and 30 "C ( O  1, 
$50 was de te rmined  a t  24 "C. See Fig. 1 f o r  d e t e r m i n a t i o n  o f  T50 and 
$50. The a r r o w  i n d i c a t e s  t h e  moment d u r i n g  p re - incuba t ion  a t  which 

t h e  F i r s t  damaged seeds appeared f o l l o w i n g  redes icce t ion .  

I t  has t o  b e  r e a l i z e d  t h a t  as a consequence o f  l o w e r  $50 t h e  germina t ion  t e s t  

took c o n s i d e r a b l y  more t i m e  (da ta  n o t  shown). Seeds were a l s o  pre- incubated a t  

24  and  30 "C, t e m p e r a t u r e s  j u s t  b e l o w  and above 27 "C, w h i c h  i s  t h e  T 5 0  o f  

u n t r e a t e d  seeds (Fig. 2). S ince p r e - i n c u b a t i o n  occurred i n  water,  t h e  maximum 

l e n g t h  o f  i n c u b a t i o n  a t  15 and 24 " C  was l i m i t e d  s i n c e  a t  those temperatures 

t h e  seeds approached t h e  b e g i n n i n g  o f  g rowth  a f t e r  24 and 12 h, r e s p e c t i v e l y  

(a r rows) .  



F i g .  3. Re la t ionsh ip  between T  and $ o f  l e t t u c e  seeds CV. Capi- 
t a n  as i n f l u e n c e d  by p r e - i n c u g a t i o n  a t  1 5  ' C  (o), 24 "C ( A )  and 30 
"C (0). The c losed c i r c l e  represents the unt reated con t ro l .  Data are 
der ived from Fig. 2. 

A t  30 "C germinat ion d i d  not  occur. I n  our s tud ies  the  moment the  seeds became 

damaged by d e s i c c a t i o n  was t a k e n  as c r i t e r i o n  f o r  t h e  b e g i n n i n g  o f  g r o w t h  

ins tead o f  the  f i r s t  s i gn  o f  v i s i b l e  germinat ion (Chapter 6). 

P r e - i n c u b a t i o n  a t  30 "C l o w e r e d  T50 and i n c r e a s e d  $50 and t h e r e f o r e ,  

e v i d e n t l y  a c t e d  o p p o s i t e  t o  15 " C  (F ig .  2A,8). P r e - i n c u b a t i o n  a t  24 "C had an 

in termedia te  pos i t ion .  Comparison between Figs. 2A and 28 i n d i c a t e d  t h a t  the 

e f f e c t s  o f  t h e  p r e - i n c u b a t i o n  tempera tu re  on T50 and $50 were c l e a r l y  r e -  

l a t e d .  P l o t t i n g  o f  T50  a g a i n s t  $50 o b t a i n e d  a f t e r  t h e  same p r e - i n c u b a t i o n  

showed a  l i n e a r  r e l a t i o n s h i p  between t h e  two  pa ramete rs  (Fig.  3 )  t h a t  d i f -  

fered, however, fo r  the dormancy breaking a t  15 " C  and the dormancy induct ion  

a t  30 "C. I n te res t i ng l y ,  the values f o r  the unt reated seeds and f o r  the  24 "C 



pre-incubat ion were roughly a t  t h e  break of t h e  curve. A l i n e a r  r e l a t i o n s h i p  

be tween  t h e  v a l u e s  of  T50 and was a l s o  found  when t h e  p a r a m e t e r s  w e r e  

d e t e r m i n e d  i n  u n t r e a t e d  s e e d s  o f  3 d i f f e r e n t  c u l t i v a r s ,  i n c l u d i n g  t w o  d i f -  

f e r e n t  h a r v e s t s  o f  t h e  c u l t i v a r  M u s e t t e  (F ig .  4) .  S e e d s  of C V .  R a v e l  showed 

high TsO and low Q S 0 ,  whereas CV. M ~ s e t t e ~ ~  showed t h e  opposi te .  I t  is a l s o  

shown i n  F ig .  4  t h a t  p r e - i n c u b a t i o n  i n  w a t e r  a t  t e m p e r a t u r e s  be low 1 5  "C 

improved t h e  g e r m i n a t i o n  c h a r a c t e r i s t i c s  of Musette s e e d s  i n  such a  way t h a t  

they became c l o s e  to  Capi tan  and Ravel seeds.  

f i g -  4. R e l a t i o n s h i p  b e t w e e n  T5 and  $ 5 0  o f  l e t t u c e  s e e d s  o f  d i f -  
f e r e n t  c u l t i v a r s  ( c l o s e d  symbols? o r  of CV. Musette pre-incubated 
a t  d i r f e r e n t  t e m p e r a t u r e s  (open symbols). P r i o r  t o  t g e  de te rmina t ion  

and $ 5 0  ( a t  20 "C) s e e d s  of  t h e  c u l t i v a r s  M u s e t t e  (0 01, 2J iCs:5?e25 (+), Capitan ( v )  and Ravel ( M )  were pre- incubate  2  h  a t  
1 5  "C i n  w a t e r  and r e d r i e d  t o  1 0 %  m o i s t u r e  c o n t e n t ,  s e e d s  of  C V .  

Muset te  were moreover pre- incubated during 20 h  a t  1 5  " C  (01, 40 h  
a t  1 0  .?'(V) and  5  d a y s  a t  2  " C  ( 0 )  and r e d r i e d .  

S i m i l a r  e x p e r i m e n t s  w e r e  p e r f o r m e d  w i t h  t h e  r a d i c l e  p a r t  of h a l f  s e e d s ,  

i.e. i n  f a c t  w i t h  t h e  embryonic axes,  s i n c e  t h e  envelope l o s t  i t s  r e s t r a i n i n g  

e f f e c t  a f t e r  p repara t ion .  In  h a l f  seeds  t h e  d i f f e r e n c e s  between t h e  c u l t i v a r s  

d i sappeared  f o r  t h e  g r e a t e r  p a r t .  T5,, va lues  r o s e  t o  such high va lues  (around 
38 "C, no t  shown) t h a t  p r e c i s e  de te rmina t ion  was hardly poss ib le .  $50  i n  a l l  



s e e d l o t s  dropped t o  v a l u e s  between -1.0 and -1.5 MPa (Tab le  1 ) .  T h i s  means 

t h a t  A$50 ($50 i n t a c t  s e e d s  - $ 5 0  h a l f  s e e d s )  of Ravel s e e d s  was only  0.29 

MPa but in  Musette seeds 0.93 MPa. Pre-incubation a l so  narrowed t h i s  gap, 5 d 

a t  2 " C  reduced A$50 of M u ~ e t t e ~ ~  t o  0.48 MPa. These d a t a  s t r o n g l y  s u g g e s t  

t h a t  c u l t i v a r  d i f ferences  in  l e t t u c e  depend a t  l e a s t  f o r  a considerable par t  

on d i f f e r e n c e s  i n  t h e  r e s t r a i n t  of t h e  envelope.  P re - incuba t ion  seems t o  

decrease t h i s  r e s t r a in t .  

Table 1. Comparison of the  $50 of i n t a c t  seeds and the  r a d i c l e  p a r t  of 
halved seeds of d i f f e ren t  l e t t u c e  c u l t i v a r s  (a) and of CV. Musette pre- 
incubated a t  d i f f e r e n t  temperatures (b). Pr ior  t o  the  determination of 

$50 a t  20 " C  s e e d s  of t h e  d i f f e r e n t  c u l t i v a r s  were p re - incuba ted  
during 2 h a t  15 "C in  water and redried to  10% moisture content;  seeds 
of CV. MusetteZO were a l so  pre-incubated a t  10" and 2" C f o r  d i f f e r e n t  
t imes  and redrled. A$50 = $50 intact - $50 halved. 

a. pre-incubation 2 h a t  15 "C 

osmotic po ten t i a l ,  MPa 
c u l t i v a r s  

JI 50 i n t a c t  $50 halved '$50 

Muset teZ0 

M ~ s e t t e ~ ~  

Capitan 

Ravel 

b. pre-incubation of Musettez0 

osmotic po ten t i a l ,  MPa 
condit ions 

pp p p p 

$50 i n t a c t  $50 halved '$50 



E f f e c t  o f  p r e - i n c u b a t i o n  tempera tu re  on m o i s t u r e  content ,  $ and $, 

The i n c r e a s e  i n  m o i s t u r e  c o n t e n t  and t h e  changes i n  J, and w e r e  

f o l l o w e d  a t  t h e  p r e - i n c u b a t i o n  t e m p e r a t u r e s  1 5 " ,  24", and 30 " C .  The w a t e r  

uptake o f  t h e  seeds d u r i n g  i n c u b a t i o n  showed the  wel l-known t r i p h a s i c  p a t t e r n  

of (1) i m b i b i t i o n  phase w i t h  a  h i g h  r a t e  o f  wa te r  uptake, (2) t h e  e q u i l i b r i u m  

phase and  ( 3 )  t h e  g r o w t h  phase, c h a r a c t e r i z e d  b y  r e n e w e d  w a t e r  u p t a k e  ( F i g .  

5A). Temperature i n f l u e n c e d  a l l  phases. An inc rease  o f  t h e  i n c u b a t i o n  tempera- 

t u r e  enhanced  t h e  r a t e  o f  i m b i b i t i o n  i n c r e a s e d  t h e  s a t u r a t i o n  l e v e l  i n  t h e  

second phase and s i n c e  tempera tu re  determined t h e  moment o f  germinat ion,  i t  

a l s o  i n f l u e n c e d  t h e  t r a n s i t i o n  t o  phase 3. D i r e c t  psychromet r i c  measurements 

showed t h a t  $ i n c r e a s e d  d u r i n g  i m b i b i t i o n  f r o m  v e r y  l o w  v a l u e s  i n  t h e  d r y  

seed t o  an  e q u i l i b r i u m  v a l u e  o f  z e r o  ( F i g .  56). 

Incubation period, h 

Fig. 5. M o i s t u r e  c o n t e n t  (A) and  w a t e r  p o t e n d c i a l  ( $  ) ( B )  o f  l e t t u c e  
s e e d s  CV.  C a p i t a n  d u r i n g  i n c u b a t i o n  a t  15 C (o), 24 ' C  ( A )  o r  30 

" C  ( U )  i n  w a t e r .  SD o f  m o i s t u r e  c o n t e n t  measurements  was s m a l l e r  
t h a n  1%. See f o r  a r r o w  F i g .  2. 



The e f f e c t  o f  the pre- incubat ion temperature on i m b i b i t i o n  was t r a n s l a t e d  i n t o  

a  s i m i l a r  e f f e c t  on t h e  change o f  $ . Thus, i t  appeared t h a t  a t  t h e  end o f  

i m b i b i t i o n  when $ m  and $ approached zero, $, and $ p  were a t  e q u i l i b r i u m  

(Eq. 5). $ remained zero, when, a t  15 " and 24 "C, g e r m i n a t i o n  s t a r t e d .  

Obv ious l y  s m a l l  changes i n  $ wh ich  had t o  a n t i c i p a t e  c e l l  expansion,  were 

i m m e d i a t e l y  compensated f o r  by  e x t r a  wa te r  uptake.  Water u p t a k e  must be so 

f a s t  t h a t  no measurable grad ient  i n  $ could be detected. 

Incubation period, h 
F ig .  6. Osmot ic  p o t e n t i a l  (A) and amount o f  s o l u t e s  ( B )  o f  l e t t u c e  
seeds CV. Cap i tan  d u r i n g  i n c u b a t i o n  a t  15 " C  (o), 24 " C  ( A )  o r  30 "C 
( ) i n  water. The so lu tes  were ca lcu la ted from $, and the mois ture  
c o n t e n t  (F ig .  5A). The p o i n t  a t  24 h  and 24 "C was n o t  used f o r  t h e  
c a l c u l a t i o n  o f  t h e  mean ( c l o s e d  c i r c l e ) .  See f o r  a r r o w  F ig .  2. The 
standard dev ia t i on  o f  the mean i s  indicated. 

D i r e c t  measurements showed t h a t  $71 stayed a t  a l l  th ree temperatures a t  a  

s t a b l e  l e v e l  of about -0.9 MPa f r o m  t h e  end o f  i m b i b i t i o n  t i l l  t h e  s t a r t  o f  

germinat ion ( ~ i g .  6A). As soon as a t  15 "C and 24 "C germinat ion occurred Q, 
began t o  i n c r e a s e  t o  l e s s  n e g a t i v e  values.  From d a t a  on $, and t h e  m o i s t u r e  

content (Fig. 5A) the amount o f  so lu tes  was calculated,  assuming t h a t  mannit01 

was t h e  osmot i c  a c t i v e  compound (Fig.  66). Except  f o r  t h e  p o i n t  o f  24 h  a t  24 

"C a l l  ca lcu la ted values were no t  s i g n i f i c a n t l y  d i f f e ren t .  These ca l cu la t i ons  

demonst ra ted t h a t  t h e  i n c r e a s e  i n  Jl, a t  15 "  and 24 "C a t  t h e  b e g i n n i n g  o f  

germination, was not  accompanied by a  decrease i n  osmotic cons t i t uen ts  and, 



t h e r e f o r e ,  h a d  t o  b e  s o l e l y  due t o  e x t r a  w a t e r  u p t a k e  d u r i n g  t h e  s t a r t  o f  

growth. Because 1 remained zero  (F ig.  5B), t h e  p a t t e r n  o f  change i n  $ p  ( n o t  

shown) w i l l  b e  a n  e x a c t  m i r r o r  i m a g e  o f  t h e  changes i n  1, ( F i g .  6A) and, 

thus, 9 p w i l l  decrease f o l l o w i n g  t h e  beg inn ing  o f  growth. Thus, psychrc lmetr ic  

measurement  o f  1 and 1, made c l e a r  t h a t  a t  none o f  t h e  p r e - i n c u b a t i o n  

temperatures a b u i l d - u p  of osmot i c  c o n s t i t u e n t s  occur red  p r i o r  t o  t h e  s t a r t  o f  

growth. 
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Fig. 7. I n f l u e n c e  o f  and t e m p e r a t u r e  on 1, ( A )  and m o i s t u r e  

c o n t e n t  (B) of l e t t u c e  seezs CV. Muset te  5. Seeds were incuba ted  a t  2 
( U )  o r  l 5  ( o t h e r  s y m b o l s )  i n  wa%er ( 0  !J 1, -0.5 MPa (V), - 

1.0 MPa (0) o r  -1.5 MPa PEG (A). See f o r  a r r o w  F i g .  2. 



E f f e c t  o f  p re - incuba t ion  tempera tu res  on Y 

I t  has  been  a r g u e d  above t h a t  i n  t h e  s i t u a t i o n  o f  z e r o  g r o w t h ,  i .e .  i n  t h e  

absence o f  v i s i b l e  g e r m i n a t i o n ,  +,, = '4, + Y (Eq. 4). Hence, changes  i n  Y 

d u r i n g  p r e - i n c u b a t i o n  a t  d i f f e r e n t  tempera tu res  c o u l d  be c a l c u l a t e d  f r o m  t h e  

da ta  on + 5 0  and +T . However, such a c a l c u l a t i o n  i s  o n l y  a l l o w e d  when +, i s  

u n a f f e c t e d  by $,e . Measurements o f  b o t h  m o i s t u r e  c o n t e n t  and +, a t  15 "C i n  

w a t e r  and PEG s o l u t i o n s  o f  seeds  o f  C V .  M u s e t t e  p r o v e d  t h a t  t h i s  a s s u m p t i o n  

was i n c o r r e c t  ( F i g .  7). I n  l o w e r  +ae , +, o f  t h e  s e e d s  c l e a r l y  d e c r e a s e d  

( F i g .  7A) and t h e  m o i s t u r e  c o n t e n t  r o s e  t o  l o w e r  maximum l e v e l s  ( F i g .  7 8 ) .  

These d i f f e r e n c e s  were reached a t  t h e  end o f  i m b i b i t i o n  and were m a i n t a i n e d  

d u r i n g  a s u b s t a n t i a l  number o f  d a y s  u n l e s s  g e r m i n a t i o n  o c c u r r e d .  The mean 

v a l u e s  o f  b o t h  Q T a n d  m o i s t u r e  c o n t e n t  d u r i n g  t h e  e q u i l i b r i u m  p h a s e  were  

p l o t t e d  versus +,, (Fig. 8). How t o  e x p l a i n  t h e  e f f e c t  o f  on  $, ? 

(1 )  Because t h e  l i n e s  i n  F i g .  7  s t a y e d  a t  a  c o n s t a n t  l e v e l  f o r  p r o l o n g e d  

p e r i o d s  o f  t ime ,  i t  i s  u n l i k e l y  t h a t  +, decreased due t o  an a c t i v e  s t r e s s -  

F i g .  8. I n f l u e n c e  o f  +,e on $, and  m o i s t u r e  c o n t e n t  o f  l e t t u c e  
seeds  CV. M u s e t t e Z 5  and C a p i t a n .  The d a t a  f o r  +, (0) and m o i s t u r e  
c o n t e n t  (A,) of  CV. M u s e t t e  25 a r e  mean v a l u e s  o f  t h e  d a t a  shown i n  
Fig. 7. The c a l c u l a t e d  e f f e c t  o f  t h e  l o w e r  m o i s t u r e  c o n t e n t  on i s  
shown i n  t h e  c u r v e  w i t h  t h e  open squares .  The b r o k e n  l i n e  ( 0) con-  
t a i n  d a t e  on CV. C a p i t a n ,  i t  i s  based  on m e a s u r e m e n t s  a t  t w o  +,, va lues  and on p a r a l l e l i s m  w i t h  t h e  Muset te  curve. 



induced a c c u m u l a t i o n  o f  newly formed o s m o t i c  s o l u t e s ;  (2) The d e c r e a s e  of  $, 

could  a l s o  b e  c a u s e d  by a  p a s s i v e  i n c r e a s e  o f  t h e  c o n c e n t r a t i o n  of  s o l u t e s  due 

t o  r e d u c e d  w a t e r  u p t a k e  a t  l o w e r  v a l u e s  o f  The c u r v e  i n  F i g .  8 t h a t  is 

based on t h i s  a s s u m p t i o n  p roved  t h a t  s u c h  an  e f f e c t  i n d e e d  p a r t l y  e x p l a i n e d  

t h e  d e c r e a s e  o f  q, ; (3)  I n  a d d i t i o n ,  we t h i n k  t h a t  t h e  d e c r e a s e  of  $,e a l s o  

caused  a  renewed d e c r e a s e  of $ , ,  b e c a u s e  a l s o  c e l l  w a l l s  and o t h e r  s t r u c t u r e s  

w i l l  l o o s e  w a t e r .  Da ta  on $, f o r  t h e  c u l t i v a r  C a p i t a n  were  p a r t l y  measured  

and p a r t l y  d e r i v e d  by p a r a l l e l i s m  t o  t h e  Muse t t e  c u r v e  (Fig.  8 ) .  

F i g .  9. I n f l u e n c e  o f  p r e - i n c u b a t i o n  a t  1 5  " C  i n  w a t e r  d u r i n g  2 h  (0 
0) o r  1 6  h  ( Cl,. ) on  t h e  r e l a t i o n s h i p  b e t w e e n  $50 ( o p e n  s y m b o l s )  
a n d  Y ( c l o s e d  s y m b o l s )  a n d  t h e  t e m p e r a t u r e  a t  w h l c h  w a s  de -  
t e r m i n e d .  Y was c a l c u l a t e d  from t h e  $50 d a t a  shown i n  t h l s  Fig .  and 
$, d a t a  c o r r e c t e d  a c c o r d i n g  t o  Fig. 8. 

0 

rd 
a -0.4 
2 

The a p p l i c a t i o n  of  Eq. 4 a l s o  depended on t h e  t e m p e r a t u r e  d u r i n g  germina-  

t i o n  w h i c h  s t r o n g l y  i n f l u e n c e d  q5,, ( F i g .  9 )  b u t  d i d  n o t  a f f e c t  $, ( f i g -  6 ) .  
T h e r e f o r e ,  Y s h o w e d  a  s i m i l a r  r e l a t i o n s h i p  t o  t e m p e r a t u r e  a s  For  t h e  

c a l c u l a t i o n  o f  Y t h e  v a l u e s  o f  $, w e r e  c o r r e c t e d  a c c o r d i n g  t o  F i g .  8. The 

c u r v e  F o r  t h e  s e e d s  t h a t  h a d  b e e n  ~ p e t r e a t e d  f o r  2 h  e t  1 5  "C ( ' u n t r e a t e d  

c o n t r o l ' ) ( F i g .  9 )  i n d i c a t e d  t h a t  a t  27 " C  $50 w a s  z e r o ,  i .e .  50% g e r m i n a t i o n  

c o u l d  o n l y  o c c u r  i n  w a t e r ,  i n  o t h e r  words  T50 = 27 "C. When $50  equa l s  zero, 
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Y = - J,, (Eq. 4 )  and  w i t h  an a c t u a l  J, o f  z e r o  ( F i g .  5) Y = $ (Eq. 5). Thus, 
P 

t h e  e f f e c t i v e  t u r g o r  - Y)(Eq. 3) approached z e r o  and g e r m i n a t i o n  c o u l d  n o t  

occur  i n  water. A t  l o w e r  temperatures Y decreased and, t h e r e f o r e ,  i n  s p i t e  of 

unchanged Q, and t h e  e f f e c t i v e  t u r g o r  i n c r e a s e d .  As a consequence  seeds  

germinated i n  wa te r  and a l s o  a t  i n c r e a s i n g l y  l o w e r  osmot i c  p o t e n t i a l s .  I t  i s  

c o n c l u d e d  t h a t  t h e  e s s e n t i a l  f a c t o r  d e t e r m i n i n g  t h e  r e l a t i o n s h i p  b e t w e e n  

t e m p e r a t u r e  and g e r m i n a t i o n  i s  Y. A t  1 5  "C and  l o w e r  t e m p e r a t u r e s  Y r e a c h e d  

i t s  minimum l e v e l .  

P re - incuba t ion  a t  15 "C d u r i n g  16 h decreased a t  h i g h e r  tempera tu res  

( F i g .  9). Because J,, was n o t  i n f l u e n c e d  b y  s u c h  a p r e - i n c u b a t i o n  ( F i g .  6 )  i t  

was c a l c u l a t e d  t h a t  t h e  e s s e n t i a l  change was a decrease o f  Y. Obvious ly ,  t h e  

l o w e r  Y a t  1 5  "C was remembered  b y  t h e  seeds  a f t e r  t r a n s f e r  t o  h i g h e r  tem- 

p e r a t u r e s .  I t  i s  shown i n  F i g .  10 t h a t  t h e  change  i n  Y depended on  t h e  l e n g t h  

and t h e  tempera tu re  o f  t h e  p re - incuba t ion .  Y was c a l c u l a t e d  f r o m  t h e  da ta  on 

$50  i n  F i g .  2 and on $, c o r r e c t e d  a c c o r d i n g  t o  F i g .  8. I t  i s  shown t h a t  Y 

depended i n  a s i m i l a r  way on t h e  p r e - i n c u b a t i o n  tempera tu re  as $50 (Fig. 28) 

and r e v e r s e  t o  T 5 0  ( F i g .  2A), t h e r e f o r e ,  Y and  T50 w i l l  r e l a t e  on  a s i m i l a r  

l i n e a r  way as shown f o r  $50 and T50 i n  F ig.  3. I t  i s  concluded t h a t  a l l e v i a -  

t i o n  o f  dormancy a t  1 5  "C c o r r e l a t e d  w i t h  a d e c r e a s e  o f  Y and i n d u c t i o n  o f  

dormancy a t  30 " C  w i t h  an i n c r e a s e  o f  Y. 
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Fig. 10. I n f l u e n c e  o f  l e n g t h  and  t e m p e r a t u r e  o f  p r e - i n c u b a t i o n  i n  
w a t e r  on Y of l e t t u c e  seeds CV. Capitan. P re - incuba t ion  tempera tu res  
w e r e  1 5  " C  (01, 24 "C ( A )  and  3 0  "C (o), Y was c a l c u l a t e d  f r o m  d a t a  
on determined a t  24 'C as shown i n  Fig. 28 and on c o r r e c t e d  
a c c o r  i n g  t o  F i g .  8. 



Discussion 

I n  l e t t u c e  s e e d s  t h e  c r i t i c a l  f a c t o r  d e t e r m i n i n g  t h e  s t a r t  o f  v i s i b l e  

g e r m i n a t i o n  i s  t h e  y i e l d  t h r e s h o l d  Y o f  t h e  t u r g o r  p r e s s u r e .  The e f f e c t  o f  

t e m p e r a t u r e  o n  g e r m i n a t i o n  c o r r e l a t e d  w i t h  Y ( F i g .  9)  and p r e - i n c u b a t i o n  

changed Y t o  e i t h e r  l o w e r  o r  h i g h e r  va lues  (Fig. 10) i n  l i n e a r  r e l a t i o n s h i p  t o  

T50. Our c o n c l u s i o n s  a r e  based  on t h e  L o c k h a r t  e q u a t i o n  o f  e x t e n s i o n  g r o w t h  

(Eq- 4). We regarded  i n h i b i t i o n  o f  g e r m i n a t i o n  as a s teady  s t a t e  g r o w t h  r a t e  

of zero. I n  c o n t r a s t  t o  Schopfer & Plachy (1985) and C a r p i t a  e t  a l .  (1979a) we 

d i d  n o t  p e r f o r m  a c t u a l  measurements o f  g rowth  ra te .  

The p r e s e n t  exper iments  d i d  n o t  p e r m i t  t h e  d e t e r m i n a t i o n  o f  t h e  r a t e  co- 

e f f i c i e n t s  L a n d  m. However ,  i t  i s  u n l i k e l y  t h a t  t h e  yes o r  n o  r e s p o n s e  t h a t  

i s  s t u d i e d  i n  g e r m i n a t i o n  w i l l  depend on r a t e  c o n s t a n t s .  I t  i s  t h e  m o r e  

u n l i k e l y  t h a t  L  l i m i t e d  s t a r t  o f  g rowth  s i n c e  $ c o u l d  never be d i s t i n g u i s h e d  

f rom z e r o  ( F i g .  58 )  i n d i c a t i n g  a v e r y  f a s t  w a t e r  u p t a k e .  Schop fe r  & P l a c h y  

(1985) c o n c l u d e d  t o  a v e r y  c l o s e  l i n k a g e  o f  Y and  m. T h e r e f o r e ,  t e m p e r a t u r e  

may i n f l u e n c e  Y i n  c o n c e r t  w i t h  m. L a s t l y  env i ronmenta l  e f f e c t s  on c e l l  g rowth  

have been e x p l a i n e d  by changes i n  E , t h e  e l a s t i c  c o e f f i c i e n t  o f  t h e  c e l l  w a l l  

t h a t  r e g u l a t e s  t h e  i n c r e a s e  o f  $ when t h e  c e l l  a c c u m u l a t e s  w a t e r  ( D a i n t y  
P 

1976). A l s o  t h i s  f a c t o r  seems n o t  r e l e v a n t  t o  o u r  e x p e r i m e n t s  s i n c e  $p d i d  

n o t  change d u r i n g  p re - incuba t ion .  

The c h a n g e s  i n  $50 and  Y w e r e  t h e  o n l y  e f f e c t s  o f  p r e - i n c u b a t i o n  t h a t  

c l e a r l y  c o r r e l a t e d  w i t h  changes i n  T50. A l a c k  o f  c o r r e l a t i o n  was observed f o r  

accumula t ion  o f  amino n i t r o g e n  compounds (chapter  6) and f o r  the  changes of 

$, (Fig. 6). Thus, t h e  g r o w t h  of embryo c e l l s  a t  the  s t a r t  o f  ge rmina t ion  i s  

r e g u l a t e d  a s  any  p l a n t  c e l l  by  t h e  e f f e c t i v e  t u r g o r  ( $,,-Y), where Y i s  t h e  

r e g u l a b l e  f a c t o r ,  and p robab ly  m and n o t  by a decrease of $, as suggested by 

Takeba (1980a). I n  f a c t  +, i n c r e a s e d  d u r i n g  g e r m i n a t i o n  (F ig .  6, Schop fe r  

P l a c h y  1905) ,  p r o b a b l y  because  e x t r a  u p t a k e  o f  w a t e r  p r e c e d e d  o s m o t i c  ad- 

justment .  I t  was shown be fo re  (chap te r  6) t h a t  accumulat ion o f  s o l u b l e  amino 

n i t r o g e n  compounds o n l y  occur red  when p re - incuba t ion  i n  PEG was prolonged. I t  

was n o t  r e l a t e d  t o  changes i n  dormancy. 

The compar ison between i n t a c t  and h a l f  seeds suggested t h a t  p re - incuba t ion  

induced changes i n  b o t h  embryo and endosperm, t h e  l a t t e r  be ing  the  on ly  l i v i n g  

t i s s u e  i n  t h e  e n v e l o p e .  The m o s t  e f f e c t i v e  p r e - i n c u b a t i o n  o f  5  days a t  2 "C 

[ T 5 0  was i n c r e a s e d  f r o m  20 "C t o  30 'C (F ig .  4)1, i n d u c e d  i n  i n t a c t  seeds a 



c h a n g e  i n  $50 t w i c e  a s  l a r g e  a s  i n  h a l v e d  s e e d s  ( T a b l e  l b ) .  T h e s e  d a t a  and 

t h e  compar i son  between s e e d s  o f  d i f f e r e n t  c u l t i v a r s  (Tab le  l a )  s u p p o r t e d  t h e  

g e n e r a l  c o n c l u s i o n  t h a t  h i g h e r  T5,, v a l u e s  c o r r e l a t e d  w i t h  s m a l l  Thus, 

t h e  l o w  e x t e n s i b i l i t y  o f  e n d o s p e r m  c e l l  w a l l s  s e e m s  t h e  m a j o r  c a u s e  o f  l ow 

T50, e m b r y o  c e l l s  p l a y e d  a  s e c o n d a r y  r o l e .  T h e r e f o r e ,  s t u d i e s  w i t h  i s o l a t e d  

l e t t u c e  embryos  o n l y  ( C a r p i t a  e t  a l .  1979a,  b, c )  s e e m s  l e s s  c o n c l u s i v e  abou t  

t h e  r e g u l a t i o n  o f  dormancy t h a n  t h e  p r e s e n t  compar i son  of  i n t a c t  and ha lved  

s e e d s .  N e v e r t h e l e s s ,  t h o s e  s t u d i e s  p r o d u c e d  v a l u a b l e  i n f o r m a t i o n  a b o u t  t h e  

e f f e c t  of  l i g h t  and g rowth  r e g u l a t o r s  on g rowth  o f  embryos.  

The mechanism of  c e l l  w a l l  l o o s e n i n g  i n  s e e d s  h a s  n o t  been s t u d i e d  y e t .  Our 

d a t a  s u g g e s t  t h a t  t h e  p r o c e s s  must be  r e v e r s i b l e  because  T50 c a n  be  s h i f t e d  i n  

b o t h  d i r e c t i o n s  by t e m p e r a t u r e ,  d e h y d r a t i o n  and s t o r a g e  ( s e e  c h a p t e r s  2, 3 ,  4 

and 5). Because  o f  r e v e r s i b i l i t y  r e l e v a n t  c e l l  w a l l  changes  mus t  b e  d i f f e r e n t  

f r o m  t h e  h y d r o l y s i s  o f  c e l l  w a l l  g a l a c t o m a n n a n s  i n  l e t t u c e  e n d o s p e r m  t h a t  

o c c u r s  a f t e r  s t a r t  of g e r m i n a t i o n  (Bewley e t  a l .  1983).  

Most l i k e l y  t e m p e r a t u r e  d o e s  n o t  i n f l u e n c e  c e l l  w a l l  e x t e n s i b i l i t y  d i r e c t -  

l y .  I t  h a s  b e e n  s h o w n  i n  d i f f e r e n t  t i s s u e s  t h a t  a p p l i e d  g r o w t h  r e g u l a t o r s  

i n f l u e n c e  Y a n d  m ( s e e  C l e l a n d  1 9 8 6  f o r  r e f e r e n c e s ) .  Red l i g h t  a n d  g r o w t h  

r e g u l a t o r s  d e c r e a s e d  $50 i n  i s o l a t e d  l e t t u c e  embryos  ( C a r p i t a  e t  a l .  1979 a ,  

c ) .  T e m p e r a t u r e  e f f e c t s  on  h o r m o n e  l e v e l s  i n  s e e d  h a v e  b e e n  p o s t u l a t e d  f o r  

s e v e r a l  d e c a d e s  b u t  h a v e  h a r d l y  b e e n  d e m o n s t r a t e d  e x p e r i m e n t a l l y  (Bewley & 

B l a c k  1 9 8 2 ) .  B e s i d e s  h o r m o n e  l e v e l s  t e m p e r a t u r e  may a l s o  a f f e c t  h o r m o n e  

s e n s i t i v i t y .  Recen t ly  s t u d i e s  w i t h  GA-def ic ient  m u t a n t s  o f  A r a b i d o p s i s  t h a l i a -  

n a  s h o w e d  a  s h i f t  i n  t h e  r e q u i r e m e n t  f o r  e x o g e n o u s  GA4,7 t o  l o w e r  o r  h i g h e r  - 
c o n c e n t r a t i o n s  by p r e - i n c u b a t i o n  i n  low and h i g h  t e m p e r a t u r e s ,  r e s p e c t i v e l y  

(Karssen,  i n  p r e s s ) .  

I n  p a r a l l e l  s t u d i e s  G r o o t  & K a r s s e n  ( 1 9 8 5 )  h a v e  s h o w n  i n  o u r  l a b o r a t o r y  

t h a t  i n  t o m a t o  s e e d s  weakening of  endosperm r e s i s t a n c e  is a  p r e r e q u i s i t e  f o r  

g e r m i n a t i o n .  S t u d i e s  w i t h  GA-def ic ient  m u t a n t s  showed an  a b s o l u t e  dependence 

on GAS. GAS a r e  most l i k e l y  t r a n s p o r t e d  f rom embryo t o  endosperm. Endosperm 
r e s i s t a n c e  w a s  m e a s u r e d  d i r e c t l y  by a n  I n s t r o n  t e c h n i q u e .  U n f o r t u n a t e l y ,  

l e t t u c e  s e e d s  a r e  n o t  f i t t e d  t o  m e a s u r e  e n d o s p e r m  s t r e n g t h  a t  t h e  r e l e v a n t  

p l a c e  o f  n o r m a l  p r o t r u s i o n .  T h e r e f o r e ,  d i r e c t  e v i d e n c e  f o r  c h a n g e s  i n  endo-  

s p e r m  c e l l s  is m i s s i n g o  G e o r g h i o u  e t  a l .  ( 1 9 8 3 )  h a v e  s h o w n ,  h o w e v e r ,  t h a t  

p r i o r  t o  g e r m i n a t i o n  changes  o c c u r  i n  t h e  endosperm c e l l s  d i r e c t l y  o p p o s i t e  

t h e  r a d i c l e  t i p .  



CHAPTER 8 

SAMENVATTING 



De aard van de voorbehandeling 

K i e m r u s t  b e p e r k t  de k i e m i n g  van  s l a z a d e n  t o t  t e m p e r a t u r e n  beneden een 

b e p a a l d  maximum. De max i rna le  t e r n p e r a t u u r  w a a r b i j  50% van  de zaden  nog  k a n  

k i e m e n  w o r d t  a a n g e d u i d  met  T50. D i t  i s  een goede maat  v o o r  h e t  n i v e a u  van  

k i e m r u s t .  De T 5 0  van  v e e l  c u l t i v a r s  van  s l a  l i g t  r o n d  25 "C. Voor de v o l l e -  

g r o n d s t e e l t  i n  warmere gebieden en voor  de k a s t e e l t  i n  Neder land vormt  deze 

l a g e  T50 een probleern. Door een voorbehandel ing van de zaden i n  h e t  l a b o r a t o -  

r i u m  v 6 6 r  h e t  u i t z a a i e n  i s  de k i e m r u s t  van  s l a z a d e n  t e  b r e k e n ,  d.w.2. T50 t e  

verhogen. Een voorbehandel ing b e s t a a t  u i t  d r i e  onderdelen: (1) p r e - i n c u b a t i e  

van de zaden i n  w a t e r  o f  een osmoticurn b i j  een g e s c h i k t e  ternperatuur  om T50 t e  

verhogen, (2) terugdrogen van de zaden t o t  een l a a g  v o c h t g e h a l t e  om bewar ing  

en z a a i e n  m o g e l i j k  t e  rnaken, en  ( 3 )  b e w a r i n g  t o t  h e t  moment v a n  z a a i e n .  Een 

voorbehandel ing van s lazaden word t  i n  toenemende mate toegepast,  e c h t e r  i n  de 

p r a k t i j k  b l i j k t  v o o r b e h a n d e l i n g  n o g a l  eens p r o b l e m e n  op t e  l e v e r e n .  H e l a a s  

z i j n  e r  e c h t e r  zeer w e i n i g  s t u d i e s  gepub l i ceerd  over  de a a r d  van d e r g e l i j k e  

voorbehendelingen. D i t  onderzoek s t e l d e  z i c h  daarom t o t  d o e l  een f y s i o l o g i s c h e  

analyse van de voorbehandel ing u i t  t e  voeren, g e r i c h t  op h e t  op lossen van de 

h i e r b i j  optredende problemen. H i e r b i j  werd t o t  d o e l  g e s t e l d  om e n e r z i j d s  de 

f e c t o r e n  a a n d a c h t  t e  geven d i e  t i j d e n s  de v e r s c h i l l e n d e  o n d e r d e l e n  van  de 

v o o r b e h a n d e l i n g  van  i n v l o e d  z i j n  op h e t  k i e r n r u s t n i v e a u  en  om a n d e r z i j d s  de 

f y s i o l o g i s c h e  p r o c e s s e n  d i e  de b a s i s  vo rmen van  k i e m r u s t  t e  o n d e r z o e k e n -  

B e h e l v e  een o m s c h r i j v i n g  van  de p r o b l e e m s t e l l i n g  b e v a t  h o o f d s t u k  1 de i n -  

l e i d i n g  t o t  de v e r s c h i l l e n d e  hoofdstukken. 

Gebruik van osrnoticurn t i j d e n s  p r e - i n c u b a t i e  

H o o f d s t u k  2  b e h a n d e l t  de v o o r d e l e n  en de n a d e l e n  van  de  t o e p a s s i n g  van 

p o l y e t h y l e e n  g l y c o l  (PEG) e l s  osrnoticum t i j d e n s  p re - incuba t ie .   re-incubetie 
i n  w a t e r  b i j  15 " C  ve rhoogde  de T 5 0  van  s l a z a d e n  CV. M u s e t t e  van  25 "C t o t  

boven  32 "C, e c h t e r  d o o r  t e r u g d r o g e n  t o t  een v o c h t g e h e l t e  van  5.6% g i n g  een 

g r o o t  d e e l  van deze s t i j g i n g  weer v e r l o r e n  (T50 = 26.5 " C ) .  I n d i e n  terugdrogen 

p l a a t s v o n d  v o o r  h e t  b e g i n  van  de k i e m i n g ,  r a a k t e  h e t  embryo  n i e t  z i c h t b a a r  

beschad igd .  P r e - i n c u b a t i e  i n  PEG (-0.5 MPa) h a d  h e t  g r o t e  v o o r d e e l  d a t  deze  



t e r u g v a l  v a n  T50 d o o r  d r o g e n  g r o t e n d e e l s  voorkomen  kon worden .  Door  p r e -  

i n c u b a t i e  i n  PEG werd ,  n a a r m a t e  de  o s m o t i s c h e  p o t e n t i a a l  van h e t  i n c u b a t i e -  

medium ( Q,, ) l a g e r  w a s ,  h e t  moment  v a n  z i c h t b a r e  k i e m i n g  s t e e d s  m e e r  u i t -  

g e s t e l d ,  waa rdoor  d e  p r e - i n c u b a t i e  l a n g e r  kon worden volgehouden zonder  d a t  

beschad ig ing  van d e  embryo 's  o p t r a d  door  h e t  terugdrogen.  

Een n a d e e l  v a n  d e  t o e p a s s i n g  v a n  PEG w a s  d a t  t i j d e n s  e e n  l a n g d u r i g e  p r e -  

i n c u b a t i e  b i j  e e n  Q,, van -1.0 MPa o f  -1.5 MPa d e  r u s t b r e k i n g  t r a g e r  v e r l i e p  

en T50 z e l f s  w a t  begon t e  d a l e n :  e r  werd s e c u n d a i r e  k i e m r u s t  ge inducee rd .  D i t  

v e r t r a g e n d  e f f e c t  van PEG kon n i e t  geweten worden aan  een  t r a g e r e  z u u r s t o f -  

d i f f u s i e ,  want i n  z u i v e r e  O2 v e r l i e p e n  r u s t b r e k i n g  e n  r u s t i n d u c t i e  z o a l s  i n  

l u c h t .  P a s  b i j  e e n  z u u r s t o f c o n c e n t r a t i e  l a g e r  dan 5.6% werd r u s t b r e k i n g  zowel  

i n  w a t e r  a l s  i n  PEG geremd. 

T i j d e n s  p r e - i n c u b a t i e  b i j  30 " C  t r a d  a l l e e n  r u s t i n d u c t i e  op, d i e  eveneens  

d o o r  PEG w e r d  g e r e m d .  De opname  van  O 2  e n  d e  p r o d u k t i e  v a n  C O 2  d o o r  d e  z a d e n  

t i j d e n s  r u s t b r e k i n g  en r u s t i n d u c t i e  werden ook door  PEG geremd. De c o n c l u s i e  

l u i d t  d a t  PEG d o o r  v e r l a g i n g  van h e t  v o c h t g e h a l t e  van de  zaden aan  h e t  e i n d e  

van d e  i m b i b i t i e  h e t  m e t a b o l i s m e  van de  zaden r e m t  e n  d a a r d o o r  ve rande r ingen  

van r u s t n i v e a u  v e r t r a a g t .  

Terugdrogen 

Het h i e r v o o r  n.a.v. h o o f d s t u k  2  r e e d s  genoemde n e g a t i e v e  e f f e c t  van t e rug-  

d r o g e n  o p  d e  T50 v a n  z a d e n  n a  d e  p r e - i n c u b a t i e  s t a a t  n a d e r  b e s c h r e v e n  i n  

h o o f d s t u k  3 e n  i n  h o o f d s t u k  5. I n  l a a t s t g e n o e m d  h o o f d s t u k  z i j n  d e  f a c t o r e n  

o n d e r z o c h t  d i e  h e t  e f f e c t  van t e rugdrogen  beinvloeden.  Zowel d e  d r o o g s n e l h e i d  

81s d e  t e m p e r a t u u r  t i j d e n s  h e t  drogen,  b l eken  van marg inaa l  belang.  De d a l i n g  

v a n  T S O  w e r d  v o o r a l  b e p a a l d  d o o r  h e t  v o c h t g e h a l t e  d a t  b e r e i k t  werd  a a n  h e t  

e i n d e  v a n  h e t  d r o o g p r o c e s .  I n  s l a z a d e n  C V .  M u s e t t e ,  d i e  e e n  u i t g a n g s  T50  van  

2 5  'C v e r t o o n d e n ,  b l e e f  T50 a l l e e n  op  h e t  n i v e a u  van  3 1  " C  d a t  b e r e i k t  werd  

d o o r  d e  p r e - i n c u b e t i e  w a n n e e r  z e  n i e t  v e r d e r  t e r u g g e d r o o g d  w e r d e n  dan e e n  

v o c h t g e h a i t e  van 10:; . Na t e r u g d r o g e n  t o t  4.5% v o c h t g e h a l t e  d a a l d e  T 5 ~  e c h t e r  

t o t  26 "C. Omdat d e z e  & l i n g  van TSO t e n i e t  gedaan kon worden door  hernieuwde 

p r e - i n c u b a t i e  b i j  1 5  "C, werd geconc ludee rd  d a t  t e rugdrogen  n i e t  t o t  een  on- 

h e r s t e l b a r e  s c h a d e  l e i d d e ,  m a a r  r e v e r s i b e l  h e t  k i e m r u s t n i v e a u  van s l a z a d e n  

beynv loedde .  



I n  h o o f d s t u k  3 w o r d t  b e s c h r e v e n  hoe  v e r s c h i l l e n d e  c u l t i v a r s  en p a r t i j e n  

zaden van d e z e l f d e  c u l t i v a r  reageren  op p r e - i n c u b a t i e  en terugdrogen.  De T50 

v a n  v e r s c h i l l e n d e  p a r t i j e n  s l a z a d e n  v a r i e e r d e  van  1 5  t o t  30 "C. D o o r  p r e -  

i n c u b a t i e  gedurende 16  t o t  20 u u r  b i j  15 "C werd T50 met 3.5 t o t  9°C verhoogd. 

Terugdrogen t o t  een v o c h t g e h a l t e  van 3.5 t o t  4% veroorzaak te  b i j  de ene groep 

c u l t i v a r s  (Musette, Palmyran, Marc ia )  een v e r l a g i n g  van T50  met 50 t o t  90% van 

de a a n v a n k e l i j k  s t i j g i n g ,  t e r w i j l  b i j  de andere groep c u l t i v a r s  (Grand Rapids, 

Monte l lo ,  Mariska, Capitan, Ravel) de T50 s l e c h t s  10  t o t  20% daalde. 

Door b e l i c h t i n g  van zaden van de v e r s c h i l l e n d e  p a r t i j e n  aan h e t  e i n d e  van 

de p r e - i n c u b a t i e  b l e e k  T50 mees ta l  maar 1 t o t  1,5 "C hoger t e  z i j n  dan na pre- 

i n c u b a t i e  i n  h e t  donker .  B i j  Grand  R a p i d s  ve roorzaak te  eenze l fde  b e l i c h t i n g  

e c h t e r  een verhog ing  van de T50 met 5 "C. 

De e x p e r i m e n t e n  d i e  b e s c h r e v e n  s t a a n  i n  h o o f d s t u k  3 t o n e n  ook aan d a t  de 

a a r d  van  de  v o o r b e h a n d e l i n g  van  een p a r t i j  s l a z a d e n  s t e r k  a f h a n g t  van  de 

u i t g a n g s  T50. Aan de ene z i j d e  van h e t  spectrum van moge l i j kheden  s t a a t  b i j -  

v o o r b e e l d  een c u l t i v a r  a l s  R a v e l ,  waarvan  de zaden  z o n d e r  v o o r b e h a n d e l i n g  

r e e d s  v o o r  50% k i e m e n  b i j  28 "C. P r e - i n c u b a t i e  i n  w a t e r  b i j  1 5  "C was v o l -  

doende om de T50 t o t  37 "C t e  ve rhogen ,  een e f f e c t  d a t  n a  t e r u g d r o g e n  ge- 

handhaafd b l e e f .  Het  andere ext reem word t  gevormd door een bepaalde p a r t i j  van 

de c u l t i v a r  Musette, d i e  een u i t g a n g s  T50 ver toonde van 15 "C. p re - incuba t ie  

i n  w a t e r  b i j  1 5  "C was v o l s t r e k t  onvo ldoende .  V o o r b e h a n d e l e n  b i j  1 0  "C en 

zeker  b i j  2  "C verbe te rde  h e t  e f f e c t .  B i j  2  "C b l e e k  e c h t e r  verna1isat. i .e op t e  

treden. Daardoor b l i j f t  10 "C a l s  meest g e s c h i k t e  p r e - i n c u b a t i e  temperatuur  

over. Voorbehandelen i n  -0.5 MPa PEG zorgde voor een zeker  behoud van de w i n s t  

i n  T50, h e t  e i n d r e s u l t a a t  van  23,5 "C was e c h t e r  t o c h  n i e t  v o l d o e n d e .  Z o a l s  

h ie rboven  beschreven werd (hoofdstuk 2 ) ,  werden e r  met een andere p a r t i j  van 

d e z e l f d e  c u l t i v a r  Muset te  wB1 bevredigende r e s u l t a t e n  geboekt b i j  voorbehande- 

l e n  i n  PEG. 

Conc lus ies  over  p r e - i n c u b a t i e  en terugdrogen 

De algemene c o n c l u s i e  t e n  aanzien van de aard  van de voorbehandel ing i s  d a t  

een e e n h e i d s r e c e p t  n i e t  b e s t a a t .  A l s  u i t g a n g s p u n t  g e l d t  de  c o n c l u s i e  van  

Heydecker  & C o o l b e a r  (1977)  "geen v o o r b e h a n d e l i n g  i s  de b e s t e  voorbehande-  

l i ng" .  I n d i e n  t o c h  nodig, d i e n t  een voorbehandel ing zo s i m p e l  m o g e l i j k  t e  z i j n  



orndat e l k e  t o e v o e g i n g  r i s i c o ' s  i n  z i c h  d r a a g t ,  z o a l s  i n  h o o f d s t u k  2  w e r d  

aangetoond voor  h e t  osmoticum PEG. Een l a g e  u i t g a n g s  T50 b l i j k t  e c h t e r  samen 

t e  gaan met een s n e l l e  t e r u g v a l  van de T50 door terugdrogen. I n  d i e  g e v a l l e n  

i s  toepass ing  van PEG zeer n u t t i g .  De r i s i c o ' s ,  z o a l s  h ie rboven  genoemd, z i j n  

t e  voorkomen d o o r  de c o n c e n t r a t i e  PEG z o  l a a g  r n o g e l i j k  t e  k i e z e n  en de  p r e -  

i n c u b a t i e t i j d  zo k o r t  m o g e l i j k  t e  houden. I n  d i t  onderzoek i s  w e i n i g  aandacht 

besteed aan de t o e d i e n i n g  van g r o e i r e g u l a t o r e n  aan h e t  pre- incubatiemedium. Ze 

l i j k e n  e c h t e r  pas i n  aanmerking t e  komen a l s  voorbehandel ing i n  PEG en voor- 

z i c h t i g  te rugdrogen  n i e t  voldoende z i j n ,  omdat i n  h e t  b i j z o n d e r  de t o e d i e n i n g  

van g r o e i r e g u l a t o r e n  r i s i c o ' s  van k iemplantschade inhoudt.  Een r o o d b e l i c h t i n g  

t i j d e n s  de voorbehandel ing had s l e c h t s  een g e r i n g  p o s i t i e f  e f f e c t .  

De v e r g e l i j k i n g  van de v e r s c h i l l e n d e  c u l t i v a r s  i n  hoofdstuk 3 toonde aan 

d a t  de noodzaak van een voorbehandel ing d.m.v. v e r e d e l i n g  voorkornen zou kunnen 

worden . 

Bewar ing 

Hoofdstuk 4 h a n d e l t  over de i n v l o e d  van bewar ing  b i j  v e r s c h i l l e n d e  tempera- 

t u r e n  op de k ie rn ing  van s lazaden CV. Mariska. Na p r e - i n c u b a t i e  gedurende 2  u u r  

of 16 h  b i j  15 "C i n  -0.25 MPa PEG werden de zaden teruggedroogd t o t  v e r s c h i l -  

l ende  vochtgehal ten.  T50 b e r e i k t e  waarden van resp. 27 en 30 "C. Terugdrogen 

t o t  v e r s c h i l l e n d e  voch tgeha l ten  beinv loedde de T50-waarden van deze c u l t i v a r  

n a u w e l i j k s .  B e w a r i n g  r e s u l t e e r d e  e c h t e r  we1 i n  een d a l i n g  van T50, i n  h e t  

b i j z o n d e r  wanneer bewaard werd b i j  hoge temperaturen en hoge vochtgehalten. Na 

16  h p r e - i n c u b a t i e  waren de zaden g e v o e l i g e r  voor de bewaaromstandigheden den 

n a  2  u u r .  

Om v e r s c h i l l e n d e  bewaaromstandigheden met e l k a a r  t e  kunnen v e r g e l i j k e n  werd 

de t e r m  G50 geFntroduceerd. G50 i s  de bewaarduur d i e  n o d i g  i s  om de k i e m i n g  i n  

h e t  d o n k e r ,  b i j  een  b e p a a l d e  t e s t t e m p e r a t u u r  ( 2 2 ,  24, 26 o f  28 "C), t e  l a t e n  

d a l e n  t o t  50%. D i t  i n  analogic met  de t e r m  p50: de bewaarduur  t o t d a t  de 

' v i a b i l i t y '  t o t  507; g e d a a l d  i s .  A l s  c r i t e r i u m  v o o r  ' v i a b i l i t y '  werd  genomen: 

de o n t w i k k e l i n g  van een k i e m p l a n t  zonder e n i g  z i c h t b a r e  a f w i j k i n g  gedurende 7  

dagen b i j  20 "C i n  een dag/nacht r i t m e  van 8  uur  l i c h t / l 6  uur  donker. E r  b leek  

een n e g e t i e f  l i n e a i r  verband t e  bestaan tussen l o g  G50 en l o g  p50 e n e r z i j d s  en 

l o g  v o c h t g e h a l t e  a n d e r z i j d s .  De bewaartemperatuur  be inv loedde de onder l i nge  



a f s t a n d  van de l i j n e n .  Bovendien b l e e k  e r  een l i n e a i r  verband t e  bes taan 

t u s s e n  de waarden van G50, d i e  bepaa ld  waren b i j  28, 26, 24 en 22 " C ,  ener -  

z i j d s  en p50, bepaa ld  b i j  20 "C, a n d e r z i j d s .  De waarden van G50 bepaa ld  b i j  

22 "C waren z e l f s  v r i j w e l  g e l i j k  aan de waarden van p50. De c o n c l u s i e  l u i d t  

daarom d a t  t i j d e n s  b e w a r i n g  d e z e l f d e  processen t e n  g r o n d s l a g  l i g g e n  aan de 

i n d u c t i e  van k iemrust  a l s  aan h e t  v e r l i e s  van v i a b i l i t y .  

De fysiologische analyse van de voorbehandeling 

I n  d i t  p r o e f s c h r i f t  k r i j g e n  voora l  de processen aandacht d i e  ten  grondslag 

l i g g e n  aan ve rande r ingen  van h e t  k i e r n r u s t n i v e a u  t.g.v. voo rbehande l i ng ,  om 

zodoende een b e t e r e  b a s i s  t e  c r e e r e n  voor  de o n t w i k k e l i n g  van voorbehande- 

l ingen. I n  de hoofdstukken 5, 6 en 7 worden een aanta l  aspecten van de Fysio- 

log ische analyse behandeld. 

De analyse van he t  terugdroogeffect  

Omdat het  e f f e c t  van drogen op levend weefsel a l t i j d  i n  verband gebracht 

wordt met de i n t e g r i t e i t  van celmembranen wordt i n  hoofdstuk 5  he t  onderzoek 

beschreven naar h e t  verband tussen de lekkage van kal iumionen (K+) en de T50 

van slazaden. Na i r n b i b i t i e  van zaden van CV. Musette i n  water bleek + 10% van 

he t  K+ gehal te van he t  zaad i n  he t  incubatiemedium t e  lekken. Na pre-incuba- 

t i e ,  z o w e l  m e t a l s  zonder te rugdrogen,  t r a d  geen he rn ieuwde  l e k k a g e  op. U i t  

n a a k t e  embryo's van s lazaden b l e k e n  we1 meer K+ i o n e n  t e  l e k k e n  naarmate  ze 

t o t  een lager  vochtgehalte teruggedroogd werden. D i t  v e r s c h i l  i n  lekkage van 

zaden en embryo's i s  t e  w i j t e n  aan een K+-impermeabele laag i n  h e t  omhulsel 

van slazaden, w a a r s c h i j n l i j k  he t  endosperm, d i e  zowel de K+ lekkage u i t  a l s  de 

K+ opname door het  embryo remt. 

De K+ l e k  u i t  i n t a c t e  zaden i s  daarom w a a r s c h i j n l i j k  a f ko rns t i g  u i t  de 

wandstructuren bu i ten  het  endosperm. De algemene conc lus ie  i s  da t  op de een of 

andere w i j z e  he t  r e s u l t a a t  van rus tb rek ing  vastgelegd wordt i n  gehydrateerde 

u l t r as t ruc tu ren .  Het l i g t  voor de hand om t e  veronders te l len  det  deze u l t r a -  

st ructuren,  w a a r s c h i j n l i j k  membranen, beschadigd worden door drogen beneden 



10% v o c h t g e h a l t e .  E c h t e r  d o o r  de K + - i m p e r m e a b e l e  l a a g  k a n  n i e t  v a s t g e s t e l d  

worden o f  h e t  embryo b innen  h e t  omhu lse l  eveneens gaat  lekken  t.g.v. drogen. 

Het r e v e r s i b e l e  k a r a k t e r  van k i e m r u s t  w i j s t  e r  op d a t  e r  door drogen i n  i e d e r  

geva l  geen v e r l i e s  van e s s e n t i e l e  componenten  o p t r e e d t .  I n d i e n  e r  e v e n t u e e l  

toch ( n i e t  waarneembare) l e k  o p t r e e d t  b innen h e t  embryo, zou h e t  daarna immers 

de u i t g e l e k t e  componenten weer kunnen opnemen. 

Het mechanisme van de r u s t v e r a n d e r i n g  

Enkele voorgaande p u b l i k a t i e s  over  de aard van de r u s t b r e k i n g  i n  s lazaden 

b e v a t t e n  de s u g g e s t i e  d a t  e r  v o o r a f g a a n d e  aan de k i e m i n g  i n  h e t  embryo  een 

ophoping van aminozuren zou p laa tsv inden .  Door de s t i j g i n g  van h e t  g e h a l t e  

aminozuren zou de osmot ische p o t e n t i a a l  ( IJJ ) d a l e n  (meer  n e g a t i e f  worden) ,  
TI 

waardoor de w a t e r p o t e n t i a a l  ( $ 1  zou dalen en e x t r a  wateropname m o g e l i j k  zou 

worden. Het t o e t s e n  van deze hypothese vormde h e t  u i tgangspun t  voor h e t  onder- 

zoek beschreven i n  hoo fds tuk  6. A l s  c r i t e r i u m  voor de b e e i n d i g i n g  van k i e m i n g  

en de s t a r t  van  k i e m p l a n t g r o e i  w e r d  genomen de g e v o e l i g h e i d  van h e t  embryo  

voor beschad ig ing  door  drogen. T i j d e n s  i n c u b a t i e  b i j  15 " C  b leken  slazaden CV. 

Muse t te  a 1  3  u u r  v66r  h e t  moment d a t  h e t  w o r t e l t j e  z i c h t b a a r  werd g e v o e l i g  t e  

worden voor  drogen. De toename van h e t  g e h a l t e  op losbare a m i n o s t i k s t o f ,  h e t  

g e h a l t e  aminozuren en de a c t i v i t e i t  van h e t  d a a r b i j  b e l a n g r i j k e  enzym g l u t a -  

mine syn the tase  (GS) kwam na h e t  h e t  moment waarop de k i e m p l a n t g r o e i  begon. 

Door v a r i a b e l e  omstandigheden t e  k i e z e n  t i j d e n s  p r e - i n c u b a t i e  konden ver-  

a n d e r i n g e n  i n  h e t  k i e m r u s t n i v e a u  g e s c h e i d e n  worden  van de s t i j g i n g  van GS- 

a k t i v i t e i t .  I n  h e t  b i j z o n d e r  t i j d e n s  p r e - i n c u b e t i e  b i j  2 " C  i n  water  s teeg  de 

c a p a c i t e i t  van  de zaden  om t e  k i e m e n  b i j  3 0  " C  a a n z i e n l i j k  e e r d e r  dan de 

a c t i v i t e i t  van  GS. Z o a l s  h i e r b o v e n  a 1  werd  v e r m e l d  n.a.v. h o o f d s t u k  2 t r e e d t  

e r  t i j d e n s  l a n g d u r i g e  p r e - i n c u b a t i e  i n  -1.0 en -1.5 MPa PEG b i j  1 5  " C  n a  

a a n v a n k e l i j k e  r u s t b r e k i n g  weer  r u s t i n d u c t i e  op. De a c t i v i t e i t  van  GS c o r -  

r e l e e r d e  i n  geen e n k e l  o p z i c h t  met  deze k i e m r u s t w i s s e l i n g e n .  De c o n c l u s i e  

l u i d t  d a t  "erander ingen van h e t  r u s t n i v e a u  van slazaden o n a f h a n k e l i j k  ~ l a a t s -  

v inden van de s k i m u l e r i n g  van h e t  op losbaar  a m i n o s t i k s t o f  metabolisme. 

Na de  c o n c l u s i e  u i t  hoofdst.uk 6, d a t  o p l o s b a a r  a m i n o s t i k s t o f  n i e t  v e r -  

a n t w o o r d e l i j k  kan z i j n  voor de vo lgens de hypothese veronders te lde  d a l i n g  van 

lag h e t  voor d e  hand  0. op zoek t e  gaan n a a r  de f a c t o r  d i e  we1  de e x t r a  



wateropname t i j d e n s  kiemplantgroei zou kunnen verklaren. I n  hoofdstuk 7 wordt 

d i t  onderzoek beschreven. 

In e e r s t e  i n s t a n t i e  is een verband gelegd tussen kiemrustveranderingen en 

de waterhuishouding. Daarvoor is behalve T50 ook $50 bepaald. $ 5 0  is de $,, 

van het  incubatiemedium waarbij nog j u i s t  50% van de zaden i n  s t a a t  is om t e  

kiemen. P r e - i n c u b a t i e  van s l a z a d e n  C V .  Cap i t an  b i j  1 5  "C gedurende 0  t o t  24 

uur had behalve een s t i j g i n g  van T50 van 26 naar 36 "C ook een dal ing van $50 

van -0.8 naar -1.3 MPa t o t  gevolg. $50 werd bepaald b i j  24 "C. Pre-incubatie 

b i j  30 "C had daarentegen het tegenovergestelde e f fec t :  een dal ing van T50 en 

een s t i j g i n g  van $50. P r e - i n c u b a t i e  b i j  24 "C t e n  s l o t t e  had n a u w e l i j k s  

e f f e c t  op T50 en $50. Er b leek  een l i n e a i r e  r e l a t i e  t e  b e s t a a n  t u s s e n  de 

verander ingen van T 5 0  en $50. Het voor de k i e m r u s t v e r a n d e r i n g  e s s e n t i e l e  

proces s t a a t  dus onmiskenbaar i n  r e l a t i e  t o t  de waterhuishouding van het  zaad. 

V e r g e l i j k i n g  van s l a z a d e n  van CV. Capi tan  met d i e  van CV.  Ravel en twee 

v e r s c h i l l e n d e  p a r t i j e n  van CV.  Muset te  met v e r s c h i l l e n d e  waarden van T50 

leverde eveneens een negatief  l i n e a i r  verband op tussen T50 en $50-waarden. 

Voor a l l e  p a r t i j e n  werden T50 en $50 ook bepaald  voor zaden waarvan h e t  

bovenste  d e e l  van de  c o t y l e n  was ve rwi jde rd .  In  deze voornamel i jk  u i t  de 

embryonale a s  bes t aande  z a a d h e l f t e n  v i e l e n  de  v e r s c h i l l e n  t u s s e n  de  zaad- 

p a r t i j e n  t.a.v. T5,3 en $ 5 0  v r i j w e l  gehee l  weg. T50 s t e e g  s t e e d s  t o t  waarden 

hoger dan 36 "C en de  $50 van de zaden van Muset te  met de l a a g s t e  u i t g a n g s -  

T50 d a a l d e  met 0.93 MPa, t e r w i j l  d i t  i n  zaden van C V .  Ravel s l e c h t s  0.29 MPa 

was. De c o n c l u s i e  l u i d t  d a t  de  v e r s c h i l l e n  i n  k iemrus tn iveau  dus  voor een 

aanzienl i jk  deel  t o e  t e  schr i jven z i j n  aan verschi l len  i n  de weerstand van het 

omhulsel .  Door p r e - i n c u b a t i e  van zaden van een p a r t i j  van CV.  Muset te  b i j  

optimale omstandigheden voor rustbreking verkleinde deze weerstand kenneli jk,  

want h e t  v e r s c h i l  i n  $50  t u s s e n  h e e l  en h a l f  zaad v e r k l e i n d e  van 0.98 t o t  

0.48 MPa. 

Direkte meting van $ en $, t i j dens  incubat ie  van slazaden CV. Capitan b i j  

15 ,  24 en 30 " C  toonde aan d a t  deze  p a r a m e t e r s  n i e t  meetbaar  veranderden 

t u s s e n  h e t  e i n d e  van i m b i b i t i e  en de s t a r t  van g r o e i  van de  k iemplan t .  De 

waarde van $ bleek n i e t  meetbaar t e  v e r s c h i l l e n  !an 0  MPa, t e r w i j l  $, 

t i j d e n s  deze periode een waarde had van -0.9 MPa. Dus t i j d e n s  de incubat ie  i n  

water v66r de s t a r t  van groei  t r eed t  e r  geen ophoping van osmotisch ac t ieve  

s t o f f e n  op. Na de s t a r t  van g r o e i  b i j  1 5  "C en 24 "C b leek  $T t e  s t i j g e n  door 

opname van wa te r  (de  ce l inhoud werd dus  verdund),  t e r w i j l  de waarde van $ 



n i e t  m e e t b a a r  ve rande rde .  

V o l g e n s  d e  L o c k a r t - v e r g e l i j k i n g  v a n  d e  h y d r a u l i s c h e  c e l g r o e i  k a n  
J , ~ ~  

g e l i j k  g e s t e l d  w o r d e n  a a n  J , ? r +  Y ,  w a n n e e r  d e  g r o e i  n u 1  i s ,  w a a r b i j  Y d e  

g r e n s w a a r d e  is van d e  t u r g o r  ( J, ) d i e  nod ig  is voor  i r r e v e r s i b e l e  g r o e i .  
P  

B i j  e e n  n i e t  v e r a n d e r e n d e  waerde van J,, v e r t a l e n  v e r a n d e r i n g e n  van Y z i c h  

r e c h t s t r e e k s  i n  v e r a n d e r i n g e n  v a n  J, 50. De e s s e n t i e l e  v e r a n d e r i n g e n  d i e  

t i j d e n s  p r e - i n c u b a t i e  b i j  l a g e  t e m p e r a t u u r  p l a a t s v i n d e n ,  b l i j k e n  d u s  t e  be- 

s t a a n  u i t  e e n  v e r l a g i n g  van Y. I n d u c t i e  van rust d a a r e n t e g e n  word t  v e r o o r z a a k t  

door  een  v e r h o g i n g  van Y. 

Y e n  J, 50 z i j n  n i e t  a l l e e n  a f h a n k e l i j k  van de  p r e - i n c u b a t i e  t e m p e r a t u u r ,  

maar z i j  worden ook s t e r k  b e i n v l o e d  door  d e  t e m p e r a t u u r  w a a r b i j  $ 5 0  b e p a a l d  

wordt .  B i j  s t i j g i n g  van d e  t e m p e r a t u u r  neemt $ 5 0  a f ,  Y j u i s t  toe .  Kieming is 

o n m o g e l i j k  i n d i e n  Y d e z e l f d e  waarde h e e f t  a l s  $ p  e n  omdat $ e v e n a l s  J,, P 
n i e t  d o o r  d e  t e m p e r a t u u r  b e i l n v l o e d  w o r d e n ,  i s  Y d e  b e p a l e n d e  f a c t o r .  P r e -  

i n c u b e t i e  b i j  30 " C  v e r h o o g t  Y ,  w a a r d o o r  e r o p  v o l g e n d e  k i e m i n g  a l l e e n  b i j  

l a g e r e  t e m p e r a t u r e n  d a n  v o o r h e e n  m o g e l i j k  is. R u s t b r e k i n g  h e e f t  e c h t e r  h e t  

omgekeerde  e f f e c t :  Y word t  v e r l a a g d ,  waardoor e r o p  volgende k ieming  b i j  h o g e r e  

t e m p e r a t u r e n  m o g e l i j k  is. 
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