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A b s t r a c t

S tu d ie s  on th e  g e rm in a t io n  and th e  n a tu r e  o f  dormancy o f  achenes  o f  

Polygonum p e r s i c a r i a  were c a r r i e d  o u t .

The r e l e a s e  from dormancy was i n v e s t i g a t e d  by p h y s ic a l  an d  chem ica l  

t r e a tm e n t s ,  e n v iro n m en ta l  f a c t o r s  ( te m p e r a tu r e  an d  l i g h t )  and  th e  a p p l i c a t i o n  

o f  p l a n t  horm ones,

The im p o s i t io n  o f  dormancy on non-dorm ant achenes  was examined by 

p ro longed  dark  i n c u b a t io n  a t  s u p ra o p t im a l  t e m p e ra tu re ,  and a l s o  by d ry in g  

t r e a t m e n t s .

The p h y s ic a l  ( s u r g i c a l )  t r e a tm e n t s ,  such  a s  c u t t i n g  t h e  t i p  o f  achenes  

o r  removal o f  t h e  p e r i c a r p ,  prom oted  g e rm in a t io n  o f  u n c h i l l e d  a c h e n e s ,  w h i le  

chem ical t r e a tm e n ts  w i th  ca lc iu m  h y p o c h lo r i t e ,  and n i t r o g e n o u s  compounds such  

a s  n i t r a t e s ,  t h io u r e a ,  hyd roxy l  amine h y d r o c h lo r id e ,  and  r e s p i r a t o r y  i n h i b i t o r s  

l i k e  c y a n id e  and a z id e ,  f a i l e d  to  b r e a k  th e  dormancy o f  u n c h i l l e d  a c h e n e s .  

However, u n c h i l l e d  achenes r e sp o n d e d  p o s i t i v e l y  to  t r e a tm e n t  w i th  n i t r i t e  

and hydrogen  p e r o x id e ,  g iv in g  an  enhanced and s i g n i f i c a n t  g e rm in a t io n .

T rea tm en t  w i th  e n v ironm en ta l  f a c t o r s  such  as  t e m p e ra tu re  and  l i g h t  (w h i te  

o r  re d )  on u n c h i l l e d  achenes  i l l u s t r a t e d  t h a t  th e  p o p u l a t i o n  c o n s i s t s  o f  a t  

l e a s t  f o u r  p h y s io l o g i c a l  p o ly iro rp h ic  com ponents , namely. Dark; L ig h t;  

A l t e r n a t i n g  T em perature  ( d a r k ) ,  and A l t e r n a t i n g  T em pera tu re  p lu s  L ig h t  su b ­

p o p u la t io n s .

S t r a t i f i c a t i o n  t r e a tm e n t  r e s u l t i n g  i n  com ple te  d a rk  g e rm in a t io n  when 

t r a n s f e r r e d  to  h ig h e r  t e m p e ra tu re  i s  more e f f e c t i v e  a t  4°C th a n  10°C. 

G erm in a tio n  i s  enhanced a t  a l t e r n a t i n g  te m p e ra tu re s  i n  t h e  d a rk  i n  c o n t r a s t  

to  c o n s ta n t  t e m p e ra tu re s .  However, a h ig h  t e m p e ra tu re  o f  40*C i s  l e t h a l  f o r  

g e rm in a t io n .

Exogenous a p p l i c a t i o n  o f  GA^, GA^^^, e th y le n e  o r  n o n a n o ic  a c id  (C9) d id  

n o t  i n f l u e n c e  th e  g e rm in a t io n  o f  u n c h i l l e d  a c h en e s .  In  c o n t r a s t ,  k i n e t i n



I l l

a p p e a rs  to  promote g e rm in a t io n .  M oreover, combined t r e a tm e n ts  of red  l i g h t  

and k i n e t i n  w i th  o r  w i th o u t  GA  ̂ gave th e  g r e a t e s t  g e r m in a t io n .  R e s u l t s  from 

a p p ly in g  GA  ̂ d u r in g  o r  a f t e r  s t r a t i f i c a t i o n  d id  n o t  i n d i c a t e  th e  invo lvem en t 

o f  g i b b e r e l l i n  d u r in g  o r  a f t e r  c h i l l i n g .  A lso ,  t r e a tm e n t  w i th  growth 

r e t a r d a n t s  (B995, CGC, AMO 1618, and  Ancymidol) a rg u e  a g a i n s t  g i b b e r e l l i n  

invo lvem en t  d u r in g  o r  a f t e r  s t r a t i f i c a t i o n .  The r e s u l t s  o f  a p p ly in g  ABA 

d u r in g  s t r a t i f i c a t i o n  or g e rm in a t io n  i n d i c a t e d  t h a t  g row th  p r o c e s s e s , i . e .  r a d i c l e  

e lo n g a t io n ,  a r e  i n h i b i t e d  and n o t  g e rm in a t io n  s e n su  s t r i c t o .

The r e s u l t s  o f ,  p ro lo n g e d  dark  i n c u b a t io n  a t  su p r* o p t im a l  te m p e ra tu re  a t  

40°C i n d i c a t e d  t h a t  th e  e f f e c t  co u ld  be c o n s id e re d  as thermo i n h i b i t i o n  r a t h e r  

th a n  thermodormancy. However, d ry in g  t r e a tm e n t  in d u ce s  seco n d a ry  dormancy.
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iCHAPTER 1

GENERAL INTRODUCTION

.
MORPHOLOGICAL DESCRIPTION

i
Polygonum p e r s i c a r i a  L. i s  a weed s p e c i e s  o f  te m p e ra te  zo n es .  I t  i s  

known by v a r io u s  names r a n g in g  from Smartweed in  U .S .A .,  t o  Redshank,

Willowweed and Ladysthumb i n  B r i t a i n  (B ren c h ley ,  1920; C la rk  and F l e t c h e r ,  

1923; M uenscher, 1955; P e r c i v a l ,  1913; and S a l i s b u r y ,  1961).

I t  i s  a sunnier, he rb aceo u s  a n n u a l  w i th  e r e c t  stem s w hich a r e  somewhat 

f l e s h y  and g la b r o u s .  The h e i g h t  o f  t h e  p l a n t  v a r i e s  d epend ing  on th e
t fe

s u r ro u n d in g  p l a n t s  o r  c r o p s .  In  an  open f i e l d  w i th  unshaded  s u n l i g h t ,  th e  

a v e ra g e  h e ig h t  o f  t h e  p l a n t  c o u ld  be tw en ty  (20) t o  t h i r t y  (30) cm, w h i l s t  

amongst p o t a t o e s ,  t h e  h e ig h t  could  be  as t a l l  a s  f i f t y  (50) t o  s e v e n ty  (70) 

c e n t i m e t e r s ,

The l e a v e s  a r e  l a n c e o l a t e ,  p o in te d  and n e a r l y  s t a l k l e s s ,  o f t e n  w i th  a 

d a rk  p u r p l i s h  p a tc h  on t h e  u p p e r  s u r f a c e .  I t  has  s im p le ,  smooth and

a l t e r n a t e l y  a r ra n g e d  l e a v e s .  At t h e  b a s e  o f  t h e  l e a v e s ,  t h e r e  i s  a 

membranous s t r u c t u r e  c a l l e d  t h e  o c h re a ,  t h e  n a tu r e  o f  which may be d i s p u t e d  

b u t  i t  i s  c o n s id e re d  t o  be  m o d if ie d  s t i p u l e s  ( see  P l a t e  1 a $ b ) .

The f lo w e r in g  b ran c h e s  c a r r y  i n f l o r e s c e n c e s  which a r e  s h o r t  d e n se  e r e c t

c y l i n d r i c a l  s p ik e s .  The f lo w e rs  have a p in k  o r  d a rk  p u r p l e  p e r i a n t h ,  each 

p ro d u c in g  a s i n g l e  seeded  f r u i t .  The achenes  c o n s i s t  m ain ly  o f  two 

m o rp h o lo g ic a l  t y p e s ,  t r i g o n a l  and b ico n v ex  i n  sh a p e ,  b u t  a  t h i r d  shape  

" t e t r a g o n o u s "  o c c u rs  i n  sm all number (Hammerton, 1967; Hammerton and J a l l o q ,  

1970). The a v e ra g e  w e ig h t  o f  t h e  achene i s  about 2mg and  t h e  a v e ra g e  s i z e  

i s  a p p ro x im a te ly  2mm i n  d ia m e te r .  The c o lo u r  i s  s h in y  b la c k  ( P l a t e  2 ) .

The number o f  achenes p roduced  p e r  p l a n t  v a r i e s  g r e a t l y ,  and r a n g e s  from 

200-800 t o  1 ,200 (Simmonds, 1 9 4 5 -4 6 ) ,  though v a lu e s  as h igh  a s  6 ,650  have 

been  r e p o r t e d  w ith  an a v e ra g e  v a lu e  o f  4 ,4 7 0  achenes (Hammerton and J a l l o q ,  

1970). This p r o d u c t io n  r e p r e s e n t s  a p o t e n t i a l l y  h ig h  r e p r o d u c t i v e



c a p a c i t y ,  b u t  t h e  a c t u a l  r e p r o d u c t i v e  c a p a c i ty  depends a l s o  on g e rm in a t io n  

and th e  p u rp o se  o f  t h i s  s tu d y  was an i n v e s t i g a t i o n  o f  g e rm in a t io n  b e h a v io u r .

M orp h o lo g ica l  d e s c r i p t i o n s  o f  P. p e r s i c a r i a  L. a r e  g iv e n  in  t h e  fo l lo w in g
'

r e f e r e n c e s  (Bentham, 1865; B u tc h e r ,  1961; F o r s y th ,  1968; G i l l  and V e a r ,  1958; .

F i t t e r  ad^., 1974; and Simmonds, 1945-1946).

t- .Achene i s  used  h e r e  to  i n d i c a t e  t h e  d i s p e r s a l  u n i t  o f  P. p e r s i c a r i a  and

d e n o te  t h e  i n t a c t  f r u i t  o r  n u t .  T e c h n ic a l ly  s p e a k in g ,  an  achene i s  a  dry

HABIT AND HABITAT

i n d é h i s c e n t  f r u i t  d e r iv e d  from one c a r p e l ,  w h i le  th e  gynoecium o f  P. p e r s i c a r i a  

has tw o - th r e e  c a r p e l s  and sh ou ld  be  r e g a rd e d  as a n u t ,  b u t  o t h e r  w orke rs  have 

used  th e  term  a chene . However, s e ed  i s  used  to  d e n o te  th e  d i s p e r s a l  u n i t  o f  

o th e r  s p e c i e s  m en tioned .

H ab it  a p p e a rs  to  be  a f f e c t e d  by crow ding, and th e  p l a n t s  more o f t e n  th an  

.n o t  a g g re g a te d  i n  th e  f i e l d .  T h is  b e h a v io u r  m ight c o n fe r  c o m p e t i t iv e  

a dv a n ta g e  to  th e  s p e c i e s  a g a i n s t  n e ig h b o u r in g  p l a n t s .

S o l i t a r y  p l a n t s  a r e  seen  in  an  unshaded , open f i e l d ,  o f t e n  b ran c h e d  from 

th e  b a s e ,  w i th  t h e  b ran c h e s  s p re a d in g  and a sc e n d in g .  However, the p l a n t  i s  

most commonly found  in  damp and d i s t u r b e d  env ironm en ts  such as  a r a b l e  l a n d ,  

w aste  p l a c e s ,  r o a d s id e s  (M uenscher, 1955; S a l i s b u r y ,  1961). Polygonum 

p e r s i c a r i a  h a s  been  c l a s s i f i e d  as a  w e t la n d  h y d ro p h y t ic  weed (King, 1966) 

and t h r i v e s  b e s t  in  a r e a s  w i th  p l e n t i f u l  s u p p l i e s  o f  w a te r  such a s  w a t e r ­

logged p l a c e s ,  m arsh es ,  b o g s ,  and s t r e a m s id e s  (B rench ley , 1920; Thompson 

et^ a ^ . , 1977). I t  i s  a s s o c i a t e d  w i th  l e s s  c a lc a r e o u s  s o i l s  ( S a l i s b u r y ,

1961); p e a ty  and boggy s o i l s  (B ren c h ley ,  1920); damp c la y  and loamy s o i l s  

( S t a n i f o r t h  and C ave rs ,  1979a) , and a b s e n t  from c h a lk y  w e l l  d r a in e d  s o i l s
,

(B rench ley , 1920).

' i
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GEOGRAPHICAL AND ALTITUPINAL DISTRIBUTION

The g e o g ra p h ic a l  d i s t r i b u t i o n  o f  Polygonum p e r s i c a r i a  i s  shown on th e

o p p o s i t e  page. I t  i s  w orth  n o t in g  t h a t  P. p e r s i c a r i a  i s  w id e ly  d i s t r i b u t e d

th ro u g h o u t  Europe. Simmonds (1945-46)  n o ted  t h a t  th e  p l a n t  a l s o  o c c u rs  in

I n d ia ,  J a p a n ,  A u s t r a l i a ,  N orth  A f r i c a  ( e x te n d in g  from Egypt to  Morocco) and

a ls o  i n  North Am erica. T h is  d i s t r i b u t i o n a l  sp re a d  would be r e f l e c t e d  i n  th e  
,

g e rm in a t io n  b e h a v io u r .  Thus t h e  achenes  a r e  l i k e l y  to  p o s s e s s  m u l t i p l e  

mechanisms f o r  b re a k in g  o f  dormancy.

The a l t i t u d i n a l  d i s t r i b u t i o n  v a r i e s  w id e ly ,  growing a t  411m in  Aberdeen 

( S c o t l a n d ) ;  800m i n  Graubiinden (Europe) to  4260m i n  W este rn  T ib e t  (Hooker, 

1884; Simmonds 1 945 -46 ) .  The h a b i t a t  o f  t h e  p a r e n t  p l a n t  m ig h t ,  as  w e l l  as

th e  g e o g ra p h ic a l  l o c a l i t y ,  i n f l u e n c e  th e  b e h a v io u r  o f  a c h e n e s .  These 

p o s s i b i l i t i e s  sh o u ld  be  b o rn e  i n  mind when comparing th e  r e s u l t s  o f  d i f f e r e n t  

w o rk e rs .

ECONOMIC IMPORTANCE

Polygonum p e r s i c a r i a  i s  commonly found amongst a r a b l e  p l a n t s ,  e . g .  

c e r e a l s ,  row c rops  e t c .  (C la rk  and F l e t c h e r ,  1923; G i l l  and  V ear, 1958; 

S t a n i f o r t h  and C avers, 1979a; and  Woodford and Evans, 1963 ) .  I t  has been  

d e s c r ib e d  a s  " s e r i o u s "  (Simmonds, 1 945 -46 ),  " a g g r e s s iv e "  ( S t a n i f o r t h  and 

C avers ,  1977 ) ,  and " w o rs t"  ( P i t t  i n  S a l i s b u r y ,  1961) weed o f  farm  la n d .
Vi:'

•I

W it ts  (1960) o b se rv ed  t h a t  P. p e r s i c a r i a  was more abu n d an t  i n  a r a b l e  f i e l d s  th a n  

o t h e r  Polygonum s p e c ie s  b e c a u s e  some o f  i t s  achenes would g e rm in a te  a f t e r  

h e r b i c i d e  t r e a tm e n t  had d e s t r o y e d  th e  e n t i r e  s e e d l i n g  p o p u l a t i o n .  I t  i s  

a l s o  known to  be  r e s i s t a n t  to  s e l e c t i v e  h e r b i c i d e s ,  b u t  p a r t i a l  c o n t r o l  has 

been  o b ta in e d  w i th  2,4-D a p p l i e d  w i th  a w e t t i n g  a g e n t  a t  t h e  s e e d l in g  s t a g e  

( S a l i s b u r y ,  1961). The achenes  have been  e a te n  as  food  (S c h e ry ,  1954),

In  f a c t ,  P o t t s  (1970) n o ted  t h a t  they  a r e  a  b e t t e r  s o u rc e  o f  n i t r o g e n  and 

ca lc ium  th a n  b a r l e y  g r a i n s .  The p l a n t  has been  used  as dye (maybe be c au se  

of i t s  r e d d i s h  c o l o r a t i o n  a t  th e  e a r l y  s e e d l i n g  s ta g e )  b e f o r e  th e  advances

__________________________



made in  c o n n e c t io n  w ith  chem ica l  dyes (B re n c h le y ,  1920). I t  i s  e c o n o m ic a l ly  

im p o r ta n t  because  o f  t h e  p o t e n t i a l  r e d u c t i o n  i n  y i e l d s .

VIABILITY

The fo l lo w in g  a u th o r s  have r e p o r t e d  ab o u t  th e  v i a b i l i t y  o f  Polygonum 

p e r s i c a r i a  ( se e  t a b l e  be lo w ).

RETENTION OF
VIABILITY_______________AUTHOR___________________________________REMARKS ________

45 y e a r s  S a l i s b u r y  (1961) 20 y e a r s  f r u i t s  p roduce  s e e d l i n g s .

30 y e a r s  Simmonds (1945-46) R e ta in e d  v i a b i l i t y  f o r  30 y e a r s .

20 y e a r s  Toole  and Brown (1946) 9 p e r c e n t  s e e d l i n g s  p ro d u ce d .
C o n t in u a t io n  o f  D u v e l’ s (1905) work.

R o b e r ts  (1972) n o te d  t h a t  p ronounced  dormancy and a long p e r io d  o f  

p o t e n t i a l  v i a b i l i t y  a r e  two a t t r i b u t e s  e s s e n t i a l  f o r  t h e  s u c c e s s  o f  any weed 

s p e c i e s .  P. p e r s i c a r i a  achenes  m igh t be s a id  to  p o s s e s s  t h e s e  a t t r i b u t e s .

GERMINATION

G erm ina tion  may be r e g a r d e d  as  t h e  e v e n ts  im m ed ia te ly  fo l lo w in g  

i m b i b i t i o n  and p r i o r  t o . r a d i c l e  p r o t r u s i o n  (B e r r ie  and Drennan, 1971;

Toole  ^  aJ^., 1956). G e rm in a t io n  can  be d iv id e d  i n t o  a  r e v e r s i b l e  p h ase  I 

and an i r r e v e r s i b l e  p h ase  I I ,  The e v e n ts  in  phase  I have  been r e p o r t e d  n o t  

to  be a f f e c t e d  by h y d r a t i o n - d e h y d r a t io n  p r o c e s s e s  ( B e r r i e  and Drennan, 1971) 

w h ile  such t r e a tm e n t s ,  i f  g iv e n  in  p h ase  I I ,  m igh t k i l l  th e  s e e d .  Thus, 

g e rm in a t io n  in  p h ase  I m igh t be r e g a r d e d  a s  t h e  a c t u a l  g e rm in a t io n  (sen su  

s t r i c t o ) , w h i le  p h a se  I I  i s  g row th . Côme and Thevenot (1982) r e p o r t e d  t h a t  

s e v e r a l  w orkers  c o r r e l a t e d  d i f f e r e n t  s t a g e s  o f  g e rm in a t io n  w ith  s e p a r a t e  s t e p s  

in  w a te r  u p ta k e  and r e s p i r a t o r y  i n t e n s i t y .  R e s p i r a t o r y ,  g l y c o l y s i s  and 

K re b ’s c y c le  i n h i b i t o r s  have  been u sed  t o  d i f f e r e n t i a t e  g e rm in a t io n  sensu  

s t r i c t o  and g row th . When seeds  k e p t  i n  th e  p r e s e n c e  o f  t h e s e  i n h i b i t o r s  f o r  

a few h o u rs  a r e  removed to  w a te r ,  g e rm in a t io n  i s  s t i m u la t e d ,  s u g g e s t in g  t h a t



g e rm in a t io n  sensu  s t r i c t o  m ig h t  be l in k e d  to  t h e  o x i d a t i v e  p e n to s e  p h o sp h a te  

pathw ay, w h i le  g row th  in v o lv e s  th e  norm al r e s p i r a t o r y  pathw ay (Côme and 

T hev en o t,  1982).

The p r o t r u s i o n  o f  t h e  r a d i c l e  i s  u se d  t o  s c o r e  g e r m in a t io n ,  b u t  many o f  

t h e  b io c h e m ic a l  changes  s e e n ,  e . g .  t h e  p r o d u c t io n  o f  a -a m y la s e  a r e  c o n s id e r e d  

a s  p o s t - g e r m i n a t io n  phenomena (Drennan and B e r r i e ,  1962) .

The s t im u lu s  t r i g g e r i n g  " g e r m in a t io n  p r o p e r "  may p r o b a b ly  l i e  between 

th e  o n s e t  o f  i m b i b i t i o n  and c e l l  e l o n g a t i o n / d i v i s i o n ,  w h i le  t h e  s i t e  o f  

c o n t r o l  m ight r a n g e  from s u b c e l l u l a r ,  e . g .  p h o s p h o l ip id  membrane, DMA, o r  

cou ld  be a s s o c i a t e d  w i th  s p e c i f i c  t i s s u e s ,  e . g .  th e  t e s t a  o r  even o rg a n s  such 

as  t h e  embryonic a x i s .

DORMANCY

Dormancy has  been  d e f in e d  o r  d e s c r ib e d  by s e v e r a l  a u th o r s  (Amen, 1968; 

E v e n a r i ,  1965; K arssen , 1982; R o b e r t s ,  1972; and V e g is ,  1 9 64 ) .  T h is  has 

g iv en  r i s e  to  a c a t a lo g u e  o f  d e f i n i t i o n s .  I t  may s u f f i c e  h e re  to  d e s c r i b e  

i t  r a t h e r  th a n  a t t e m p t  to  d e f i n e  i t .

V ia b le  se ed s  when p l a c e d  i n  u n f a v o u r a b le  (h a r s h )  g e rm in a t io n  

c o n d i t i o n s ,  e . g .  where t h e  t e m p e ra tu re  i s  u n s u i t a b l e  o r  oxygen t e n s i o n  

l i m i t i n g ,  th e y  w i l l  n o t  g e rm in a te ,  n o t  b e c au se  t h e  se e d s  a r e  dormant b u t  

b e c au se  t h e  c o n d i t i o n  u n d e r  w hich  th e y  a r e  i n c u b a te d  w i l l  n o t  a l low  

g e rm in a t io n .  Such a se e d  may be s a id  to  be q u i e s c e n t  and would p rom p tly  

g e rm in a te  i f  r e t u r n e d  t o  c o n d i t i o n s  p e r m i t t i n g  th e  norm al p h y s io l o g i c a l  

a c t i v i t i e s  o f  t h e  s e e d .  However, i f  such  a seed  i s  k e p t  long  enough in  

th e  h a r s h  env ironm en t,  i t  may n o t  g e rm in a te  when r e t u r n e d  to  c o n d i t i o n s  

s u i t a b l e  f o r  g e rm in a t io n .  In t h i s  c a s e ,  th e  seed  i s  e i t h e r  dormant o r  dead . 

I f  do rm an t ,  i t  may r e q u i r e  s p e c i a l  t r e a tm e n t s  l i k e  low te m p e ra tu re  i n c u b a t io n  

f o r  a  s p e c i f i c  p e r io d  o r  r e d  (R) i r r a d i a t i o n  to  p o t e n t i a t e  g e rm in a t io n  and 

overcome t h e  b lo ck  imposed by th e  h a rsh  env ironm en t.  T h is  i s  known as 

induced or  secondary  dormancy.



Seeds o f  many t e m p e ra te  s p e c i e s  when f r e s h l y  h a r v e s t e d  w i l l  n o t  

g e rm in a te  (even though v i a b l e )  in  p h y s i o l o g i c a l  c o n d i t i o n s  prom oting  

g e r m in a t io n ,  and may r e q u i r e  a s p e c i a l  t r e a tm e n t  such  a s  r e d  (R) l i g h t ,  

t e m p e ra tu re  s h i f t  o r  low—te m p e ra tu re  p r e t r e a t m e n t  ( s t r a t i f i c a t i o n )  t o  

g e rm in a te .  A gain , t h e s e  se e d s  a r e  s a i d  t o  p o s s e s s  dormancy b u t  t h i s  i s  

p r im a ry  o r  in n a t e  and n o t  in d u ced . In  some o t h e r  s e e d s ,  t h e  b a r r i e r  t o  

g e rm in a t io n  i s  imposed by  f a c t o r s  such a s  b u r i a l ,  t h e  rem oval o f  such b lo c k  

p ro m p tly  a l lo w in g  g e r m in a t io n ,  such  a seed  i s  in  a s t a t e  o f  imposed o r  

e n fo rc e d  dormancy. E n fo rc e d  dormancy can  be  d i s t i n g u i s h e d  from induced  o r  

i n n a t e  dormancy by th e  se ed s  g e rm in a t in g  on be ing  removed from th e  s p e c i f i c  

c o n d i t i o n s  t o  t h o s e  which w i l l  a l lo w  g e rm in a t io n .  In a s e n se  t h i s  i s  more 

l i k e  q u ie s c e n c e  th a n  dorm ancy. V egis (1964) has  been  a b l e  to  o b s e rv e  

d i f f e r e n t  p e r io d s  o f  dormancy w hich  he d e s ig n a t e d  as  p r e ,  t r u e ,  and p o s t  

dormancy. He r e p o r t e d  t h a t  d u r in g  p redorm ancy , f a c t o r s  r e l i e v i n g  dormancy 

become l e s s  e f f e c t i v e  and t h e  se e d  o r  bud e n t e r s  a s t a t e  o f  deep dormancy.

T h is  deep  dormancy p e r io d  p a s s e s  i n t o  a p o s t  dormancy p e r i o d  which i s  

c h a r a c t e r i s e d  by dormancy b e in g  b ro k en  o v e r  a  w id e r  r a n g e  o f  v a lu e s  o f  t h e  

s p e c i f i c  do rm an cy -b reak in g  f a c t o r .  T h is  l a s t  p h a s e  c o n t in u e s  u n t i l  seeds  

a r e  no lo n g e r  dorm ant and g e rm in a t io n  can o c c u r  i n  n o n - s p e c i f i c  c o n d i t i o n s .

The f a c t o r s  im pos ing , m a in ta in in g  and r e l i e v i n g  dormancy can  e s s e n t i a l l y  

be s e p a r a t e d  i n t o  a g e n e t i c  component and t h e  complex i n t e r a c t i o n  o f  e n v i r o n ­

m en ta l  f a c t o r s .

G e n e t ic  Component

The i n a b i l i t y  o f  t h e  dorm ant embryos o f  Avena f a t u a  t o u t i l i z e  th e  

endosperm u n d e r  s t a n d a r d  g e rm in a t io n  c o n d i t i o n s  i n  c o n t r a s t  t o  non-dorm ant 

s p e c i e s  h a s  been a t t r i b u t e d  t o  r e p r e s s i o n  o f  th e  genome g o v e rn in g  e lo n g a t io n  

growth (Andrew and Simpson, 1969). N aylor and Fedec (1978) r e p o r t e d  t h a t  

in  t h i s  s p e c i e s  some p u re  l i n e s  g e rm in a te  in  t h e  t e m p e ra tu re  r a n g e  o f  4°C-32*C, 

w h i le  o t h e r s  e x h i b i t  s t r o n g  s u p p re s s io n  o f  g e rm in a t io n  in  t h e  mid p o r t i o n  o f
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t h i s  r a n g e .  R e c e n t ly ,  Upadhyaya ^  a^ .  (1983) r e p o r t e d  i n  w ild  o a t s  t h a t  

sodium a z id e  enhanced a l t e r n a t e  r e s p i r a t i o n  in  a number o f  p u re  l i n e s  

i n c lu d in g  Montana 73 by s t i m u l a t i n g  oxygen u p ta k e ,  b u t  f a i l e d  to  s t i m u l a t e  

g e rm in a t io n  in  Montana 73, u n l i k e  th e  o t h e r  p u re  l i n e s .  They a t t r i b u t e d
I

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

dormancy in  Avena f a t u a . The d i f f e r e n c e s  amongst l o c a l  p o p u la t io n s  i n  

g e rm in a t io n  b e h a v io u r  was a t t r i b u t e d  p a r t l y  to  g e n e t i c  a d a p t a t i o n  and to  

agronomic p r a c t i c e s .  T h is  would i n d i c a t e  t h a t  t h e r e  i s  g e n e t i c  p l a s t i c i t y .

I t  has been  shown t h a t  i n  two l i n e s  o f  Grand R apids l e t t u c e  s e e d s ,  

r e s p o n s e  to  r e d  (R) and f a r  r e d  (PR), t h e  a b i l i t y  t o  overcome r e s i s t a n c e  o f  

an e x t e r n a l  o s m o t i c a l l y  a c t i v e  medium, and r e s p o n s e  to  a b s c i s s i c  a c i d  (ABA)

and g i b b e r e l l i n  d i f f e r  (G lo b erso n  e t  a l . ,  1973).

There  i s  no f i r m  e v id e n c e  r e l a t i n g  to  o t h e r  s p e c i e s  b u t  i t  can  be

assumed from t h e s e  two c a s e s  t h a t  t h e r e  i s  l i k e l y  to  be a s i g n i f i c a n t  g e n e t i c
■

c o n t r i b u t i o n  to  t h e  e x p r e s s io n  o f  dormancy and g e rm in a t io n  b e h a v io u r .

E nv ironm enta l  F a c to r s

E nv ironm enta l  f a c t o r s  p la y  an  im p o r ta n t  r o l e  i n  t h e  dormancy o f  w i ld  

s e e d s ( W p e r h a p s  f o r  a l l  t h e  w i ld  s p e c i e s  i n v e s t i g a t e d  so f a r .  While no 

f a c t o r  c o u ld  be  s a id  to  be m ost im p o r ta n t ,  l i g h t  and t e m p e ra tu re  p l a y  a v e ry  

im p o r ta n t  r o l e  i n  t h e  r e g u l a t i o n  o f  g e rm in a t io n  and dormancy.

During th e  c o u rs e  o f  m a t u r a t i o n ,  t h e  seed  would be  exposed  to  v a r i a t i o n s  

o f  t e m p e ra tu re ,  l i g h t  ( q u a l i t y ,  q u a n t i t y  and p h o to p e r io d )  and  m o is tu r e  e f f e c t .  

Any one o f  t h e s e  o r  an i n t e r a c t i o n  amongst them co u ld  a f f e c t  th e  p h y s i o l o g i c a l  

s t a t u s  o f  t h e  s e e d  a t  m a t u r i t y .  The consequence  o f  t h i s  would be im p o s i t i o n  

o f  dormancy on th e  se ed  d u r in g  m a t u r a t i o n .  The n a tu r e  ( ty p e )  o f  dormancy 

would be r e f l e c t e d  in  th e  e n v iro n m e n ta l  f a c t o r s  o p e r a t in g  d u r in g  m a tu r a t io n .  

However, dormant s e ed s  a r e  n o t  c l a s s i f i e d  s u b j e c t  to  i n h e r e n t  f e a t u r e s  o f  th e  

dormant s t a t e ,  b u t  a r e  c l a s s i f i e d  under t h e  f a c t o r s  t h a t  b reak  dormancy. 

C onsequen tly  a seed  whose dormancy i s  a p r o p e r ty  o f  many f a c t o r s  m igh t be



c l a s s i f i e d  under many h e a d in g s .  The f a c t o r s  imposing dormancy co u ld  be 

se ed  c o v e r in g s ,  t e m p e r a tu r e ,  l i g h t ,  o r  hormonal e . g .  ABA. A lso  dormancy 

co u ld  be r e l i e v e d  by rem oval o f  seed  c o v e r in g s ,  s t r a t i f i c a t i o n  t r e a t m e n t .

Red (R) l i g h t  t r e a tm e n t  o r  hormonal t r e a tm e n t  such a s  g i b b e r e l l i c  a c i d .

Chem ical t r e a tm e n t s  e . g .  sodium a z i d e ,  hyd roxy lam ine  o r  s u lp h u r i c  a c id  co u ld  

a l s o  r e l i e v e  dormancy.

These f a c t o r s  w i l l  be d i s c u s s e d  below.

SEED COVERING EFFECT

S c a r i f i c a t i o n  T rea tm en ts

The se ed  c o v e r in g s  which in c l u d e  p e r i c a r p ;  t e s t a  and maybe endosperm 

(b u t  t h i s  may a c t  a s  a s t o r a g e  t i s s u e )  may f u n c t i o n  to  r e g u l a t e  g e rm in a t io n  

by o f f e r i n g  p h y s i c a l  r e s i s t a n c e  to  embryo g row th . I t  may a l s o  e s t a b l i s h  a 

p e r m e a b i l i t y  b a r r i e r  and m igh t  i n t e r f e r e  w i th  p r o c e s s e s  l i k e  w a te r  u p ta k e  

d u r in g  i m b i b i t i o n  or r e g u l a t e  gaseo u s  exchange. I n  such c a se s  th e  se ed s  

c o u ld  be  r e g a r d e d  a s  b e in g  h a r d .  Seed c o v e r in g s  m igh t  impose dormancy by 

p r e v e n t in g  l e a c h in g  o u t  o f  t h e  i n h i b i t o r s  from th e  seed  o r  may even c o n ta in  

i n h i b i t o r s  th e m s e lv e s ,  and g e r m in a t io n  i s  e x p re s s e d  when r a i n f a l l  l e a c h e s  o u t  

t h e  i n h i b i t o r s  from t h e  s e e d  c o v e r in g s .  Dormancy c o u ld  be a l l e v i a t e d  by 

t r e a tm e n t s  t h a t  r e s u l t  in  opening  up o r  weakening t h e  seed  c o v e r i n g s ,  such  

a s  p r i c k i n g  t h e  seed  c o a t ,  rem oval o f  th e  seed  c o a t ,  o r  e x c i s i o n  o f  t h e  embryo. 

The p ro m o t iv e  e f f e c t s  o f  t h e s e  p h y s i c a l  t r e a tm e n t s  may be mimicked by weakening 

o f  t h e  s e e d  c o v e r in g  w i th  c h e m ic a ls ,  e . g .  s u lp h u r i c  a c i d .

The p ro m o tiv e  e f f e c t s  o f  some p h y s i c a l  t r e a tm e n t s  i n  b re a k in g  dormancy 

o f  some s p e c i e s  a r e  t a b u l a t e d  below.



T re a tm e n ts S p e c ie s A uthor

I n c i s i o n

S c r a t c h in g ,  p r i c k i n g  and  
c u t t i n g  th e  se ed  c o a t

S c a r i f i c a t i o n

M o is te n in g  and  d r y in g ,  
o v e n -d ry ,  s c a r i f i c a t i o n

P u n c tu r in g ,  rem oving o f  
c o v e r in g s ,  e x c i s i o n  o f  
embryos

P u n c tu r in g

H o t-w a te r  s o a k ,  
s o n i c a t i o n

Sodium h y p o c h l o r i t e  
(NaOCl)

E thano l

Avena f a t u a

B e tu la  sp p .

S t r i g a  l u t e a  (w itchw eed)

E r a g o s t i s  1ehmanniana 
(Lehmann lo v e g e a s s )

Avena f a t u a

Avena f a t u a

B a r n y a rd g r a s s ,  R edroo t 
p igw eed , Q u ack g rass ,  
P r i c k l y  s i d a ,  v e l v e t  
l e a f

Polygonum c o n v o lv u lu s
and  S a p o n a r ia  v a c c a r i a

Panicum d ic h o to m if lo ru m , 
P. c a p i l l a r e

B la c k ,  1959

Black and  W areing , 1959 

E g ley , 1972

H afarkanp £1*^ 1977 

H a r t  and B e r r i e ,  1966

Hay, 1962

Holm and  M i l l e r ,  1972 

H siao , 1979

T a y lo rs o n  and  H end r icks ,  
1979

Hard Seeds

Seeds w hich a r e  exposed  to  s t a n d a r d  g e rm in a t io n  c o n d i t io n s  may n o t  

g e rm in a te ,  n o t  b e c a u s e  th e y  a r e  dorm ant, b u t  b e c au se  t h e  s e e d  c o a t  i s  h a rd  

and  may be  im perm eable  to  w a te r  o r  m e t a b o l i c a l l y  a c t i v e  g a s e s  such  as  oxygen 

a n d /o r  ca rb o n  d io x id e .  Seed c o a ts  may a l s o  o f f e r  d i f f e r e n t i a l  r e s i s t a n c e  

to  0^ and CO^, so t h e r e  may a r i s e  w i t h i n  th e  s e e d  a  gas m ix tu re  which m igh t 

p r e v e n t  g e rm in a t io n .  Hard s e e d s  a r e  found amongst t h e  Leguminosae.

The s e e d  c o a t  has b e e n  d e m o n s t ra te d  to  b e  im perm eable to  w a te r  in  Rhus

Î
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o v a ta  (S tone  and J u h r e n ,  1951) and donnancy i n  c o t to n  seed  i s  caused  by a
■

b lo c k a g e  o f  t h e  c h a l a z a l  cap [ C h r i s t i a n s e n  and Moore, 1959). The b a r r i e r

t o  p e rm e a t io n  o f  w a te r  i n  t h e  seed  c o a t s  o f  Pisum e l a t i u s ,  P . fulvum  and_  -

P. hum ile  m igh t be t h e  c o n tin u o u s  p e c t in a c e o u s  cap  o f  t h e  p a l i s a d e  coup led  

w ith  q u in o n e s . In  c o n t r a s t ,  i n  P. s a t iv u m , i n  which w a te r  u p ta k e  i s  n o t  

impeded, t h e  cap and q u in o n es  a r e  d i s c o n t in u o u s ,  o r  m is s in g ,  in  t h e  p a l i s a d e  

c e l l s  (Werker e t  a l . ,  1979) .  However, t h e r e  a r e  many se ed s  which

dormancy i s  n o t  r e g u l a t e d  o r  c o n t r o l l e d  by t h e  c o v e r in g s  p r e v e n t in g  th e  e n t r y  

o f  w a te r  (B lac k ,  1959; E g ley , 1972; and Hadas, 1976).

Seeds o f  w itchw eed  (S t r i g a  l u t e a )  which had  been s c a r i f i e d ,  g e rm in a te d  

e q u a l l y  w e l l  i n  a i r  or n i t r o g e n  and th e  b lo c k  t o  g e rm in a t io n  was n o t  due to  

im p e r m e a b i l i ty  t o  oxygen (E g ley ,  1972). Lehmann l o v e g r a s s  (E r a g o s t i s  

1ehmanniana) s e e d s ,  o v e n -d r i e d /m o is te n e d  o r  s c a r i f i e d ,  re sp o n d e d  w e l l  in  an 

a tm osphe re  o f  10 and 20 p e r c e n t  oxygen (Haferkamp a d . ,  1977) ,  and th e  

i n c r e a s e d  g e rm in a t io n  may be due t o  improved seed  c o a t  p e r m e a b i l i t y  o r  to  a 

change i n  th e  m e ta b o l i c  s t a t e  o f  th e  s e e d .  Oxygen t e n s i o n  above 50 p e r c e n t  

c o u ld  be  t o x i c  to  B e tu la  s p e c i e s  w i th  t h e  p e r i c a r p  and endosperm s l i t  (B lack 

and  W areing, 1959). The h u l l  o f  Avena f a t u a  does n o t  p r e v e n t  oxygen u p ta k e  

(B lack , 1959). D i f f e r e n c e  in  dormancy betw een  low er  and  u p p e r  s e e d s  o f  

c o c k le b u r  (Xanthium pennsy lvan icum ) i s  no t  due t o  r e s t r i c t i o n  o f  oxygen 

u p ta k e  by se e d  c o v e r in g s ,  b u t  t o  an  i n h i b i t o r  p r e s e n t  i n  t h e  u p p e r  dorm ant 

s e e d s  which i s  lea c h e d  o u t  in  h ig h  oxygen t e n s i o n  (Wareing and Foda, 1957).

High c o n c e n t r a t i o n s  o f  c a rb o n  d i o x id e ,  abou t 30 p e r c e n t ,  p r e v e n te d  

g e rm in a t io n  in  B e tu la  spp (B lack  and W areing, 1959). However, c a rb o n  d io x id e  

has a l s o  been shown t o  s t i m u l a t e  g e rm in a t io n ,  abou t 1-10  p e r c e n t  f o r  b a s a l  

p e a n u t  seed  (Toole e t  a l . , 1964), 3 p e r c e n t  in  Avena f a t u a  (H art  and B e r r i e ,  

1966), b u t  c o n c e n t r a t i o n s  as h ig h  as 20 p e r c e n t  i n h i b i t e d  g e rm in a t io n .

These  c o n c e n t r a t i o n s  do n o t  a r i s e  in  t h e  s o i l  a tm osphe re  where maximum v a lu e s  

r e c o rd e d  do n o t  exceed  4 p e r c e n t  CO  ̂ o r  21 p e r c e n t  0^ (K a rs se n ,  1 9 8 0 /8 lb ;
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R u s s e l l ,  1966). However, t h e  c o n c e n t r a t i o n  o f  COg t h a t  c o u ld  d e v e lo p  w i t h in

TEMPERATURE EFFECT

a se e d ,  i n  th e  a b sen c e  o f  e f f l u x ,  may be  h ig h e r  th a n  1 p e r c e n t  b u t  i s  u n l i k e l y  

t o  r e a c h  t h e  h igh  v a lu e s  u se d  e x p e r i m e n t a l l y .

I
I n h i b i t o r y  E f f e c t  o f  Seed C o ver ings  T

Î
The view  t h a t  th e  seed  c o v e r in g s  c o n ta i n  i n h i b i t o r s  and th e s e  may p l a y  :

a r o l e  in  th e  m ain tenance  o f  dormancy was r e j e c t e d  in  Avena f a t u a  (Hay, 1962) T

and  Rhus o v a ta  (S tone  and J u h r e n ,  1951). The same c o n c lu s io n  was r e a c h e d  

f o r  S t r i g a  l u t e a  (E g ley , 1972) .  However, i n  B e tu la  s p e c i e s ,  th e  mechanism 

in v o lv e d  in  r e l i e v i n g  dormancy may l i e  i n  t h e  i n t e r a c t i o n  betw een oxygen 

c o n c e n t r a t i o n  and any i n h i b i t o r  p r e s e n t ,  which can a l s o  be  removed by 

p ro lo n g e d  l e a c h in g  (B lack  and W are ing , 1959 ) .  The e c o l o g i c a l  s i g n i f i c a n c e  :/■

o f  t h e  p re s e n c e  o f  i n h i b i t o r s  i s  t h a t  g e rm in a t io n  i s  r e s t r i c t e d  to  f a v o u r a b le  

e n v iro n m e n ta l  c o n d i t i o n s  l i k e  t h e  o n s e t  o f  r a i n f a l l  which would l e a c h  o u t  

i n h i b i t o r s  (Mayer and P o l ja k o f f -M a y b e r ,  1982). T

y

V egis  (1964) p o s t u l a t e d  t h a t  r e l a t i v e l y  h ig h  t e m p e ra tu re  and l im i t e d
I

su p p ly  o f  oxygen t o  th e  embryo imposed by th e  c o v e r in g  t i s s u e  a r e  th e  c a u s e s  

o f  dormancy. R o l l e r  (1962) o bse rved  t h a t  i n c r e a s e d  (H igher)  t e m p e ra tu re  

d u r in g  m a tu r a t io n  o f  Grand R apid  seeds  ( l e t t u c e )  in d u c e s  h ig h e r  g e r m in a t io n
j f

i n  t h e  se ed s  in  com parison  w i th  seeds t h a t  m atu red  a t  low er t e m p e ra tu re .

He a l s o  o b s e rv e d  t h a t  m a tu r a t io n  c o n d i t i o n s  d id  n o t  i n f l u e n c e  th e  q u a l i t a t i v e  

r e s p o n s e  b u t  enhanced th e  q u a n t i t a t i v e  r e s p o n s e  o f  t h e  s e e d s .

Lower te m p e ra tu re s  have b e e n  r e p o r t e d  t o  p roduce  s e e d s  w ith  d eeper  

dormancy and low er g e r m i n a b i l i t y  th a n  h ig h e r  t e m p e ra tu re s  in  A e g i lo p s  o v a ta  ■|

(G utte rm an , 1980 /81 );  i n  Beta  v u l g a r i s  (N orstog  and K le in ,  1972); and in  y

Rosa s p e c i e s  (Von Abrams and Hand, 1956). Seeds o f  A n a g a l l i s  a r v e n s i s  y

showed d i f f e r e n t  d e g re e s  o f  dormancy u n d e r  d i f f e r e n t  th e rm o p er io d s  (G ra n t -L ip p  and 

B a l la r d ,  1963).
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Low T em pera tu re

Low te m p e ra tu re  p r e t r e a t m e n t ,  r e f e r r e d  to  as  s t r a t i f i c a t i o n  o r  c h i l l i n g ,

i s  e s s e n t i a l l y  soak ing  t h e  achenes  in  w a te r  a t  low te m p e r a tu r e s  o f  betw een

1°C t o  10°C f o r  a p e r i o d  o f  t im e  b e f o r e  su b s e q u e n t  t r a n s f e r  t o  h ig h e r

t e m p e ra tu re  where g e rm in a t io n  i s  e x p re s s e d .  I t  has  been  r e p o r t e d  t h a t  
n o rm a l ly

g e rm in a t io n  w i l l  n o t^ o c c u r  a t  t h i s  low—te m p e ra tu re  p r e t r e a t m e n t  (V in ce n t  

and R o b e r t s ,  1979), t h i s  b e in g  o u t s i d e  t h e  r a n g e  f o r  norm al p h y s i o l o g i c a l  

a c t i v i t i e s .  However, Thevenot e t  a l . (1977) i n  a p p le  (Pyrus  m alus)  and 

Webb and Dumbroff (1969) i n  s u g a r  m aple  (Acer saccharum ) r e p o r t e d  t h a t  

s t r a t i f i c a t i o n  t e m p e r a tu r e  i s  t h e  same as  g e rm in a t io n  t e m p e r a tu r e ,  t h a t  i s  

5 °C , Thevenot e t  a l . (1977) f u r t h e r  d e m o n s t ra te d  t h a t  h i g h e s t  p e r c e n ta g e  

g e rm in a t io n  o c c u r r e d  a t  5^C i n  c o n t r a s t  to  s e e d s  w hich w ere  t r a n s f e r r e d  to  

h ig h e r  t e m p e ra tu re s  o f  1 0 ° ,  1 5 ° ,  20° and 25°C.

The e c o lo g i c a l  im p o r ta n c e  o f  t h i s  phenomenon i s  t h a t  i n  t e m p e ra te  

c l i m a t e s ,  th e  achenes  l i e  dorm ant d u r in g  th e  u n f a v o u r a b le  c o ld  w i n t e r  m onths 

i n  t h e  s o i l  ( s e e d l in g s  m ig h t  d i e  i f  th e y  g e r m in a t e ) ,  and o n ly  g e rm in a te  in  

t h e  s p r in g  o r  summer m onths when e n v iro n m e n ta l  c o n d i t i o n s  s u i t a b l e  f o r  

p h y s i o l o g i c a l  a c t i v i t i e s  p r e v a i l .  Thus, low t e m p e r a tu r e  p r e t r e a t m e n t  a s  

w e l l  as b re a k in g  dormancy, s e n s e s  t h e  se a so n s  and may a c t  a s  a  t i m e - d e t e c t i n g  

mechanism. T h is  low—te m p e ra tu re  p r e t r e a t m e n t  phenomenon h a s  been  p u t  i n t o  

a g r i c u l t u r a l  p r a c t i c e  by t h e  f a rm e r s  and has  been  documented a s  f a r  back as  

1664 by Elvyn and o t h e r s  (S to k e s ,  1965 ) ,

The r e q u i r e m e n ts  f o r  low t e m p e ra tu re  p r e t r e a t m e n t  a r e  a v a i l a b i l i t y  o f  

m o is tu r e  and a i r ,  and e x c e s s i v e  m o is tu r e  may re d u c e  a c c e s s  t o  a i r  and hence  

r e d u c e d  g e rm in a t io n  (S to k e s ,  1965), Webb and Dumbroff (1969) r e p o r t e d  in  

Acer saccharum  t h a t  oxygen was n o t  a l i m i t i n g  f a c t o r  t o  low te m p e ra tu re  p r e ­

t r e a tm e n t  b u t  th e y  n o ted  t h a t  100 p e r c e n t  oxygen d e c re a s e d  g e rm in a t io n .

These w orkers a l s o  o b s e rv e d  t h a t  when se ed s  a r e  k e p t  imbibed a t  5°C for 24h, 

and th en  s t r a t i f i e d  i n  d r y  v i a l s  a t  5°C, g e rm in a t io n  was n o t  p r e v e n te d ,  hence 

o n ly  sm a ll  amounts o f  w a te r  a r e  r e q u i r e d  f o r  s t r a t i f i c a t i o n .
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S u b s t a n t i a l  l i s t s  o f  se ed s  r e q u i r i n g  low t e m p e ra tu re  p r e t r e a t m e n t  a r e  

g iv en  by B lack  (1980 /81) and W areing (1 969 ) .  Bewley and Black (1982) a l s o  

n o ted  t h e i r  optimum te m p e ra tu re  and d u r a t i o n  r e q u i r e d  t o  b re a k  dormancy.

The s t i m u l a t o r y  e f f e c t  o f  lo w - t e m p e ra tu re  p r e t r e a t m e n t  i s  d e m o n s t ra te d  by 

s e e d s  w ith  d i f f e r e n t  ty p e s  o f  r e s p o n s e  w hich c o r r e l a t e s  w i th  d e p th  o f  

dormancy.

In embryo-dorm ant s e e d s ,  e . g .  a p p le  seeds  (F lem ion , 1959), th e  d u r a t i o n  t

o f  p r e t r e a t m e n t  m igh t  be v e ry  lo n g  and i f  t h e  s e e d s  a r e  fo rc e d  t o  g e rm in a te  

w i th o u t  t h e  low te m p e ra tu re  p r e t r e a t m e n t ,  t h e  r e s u l t i n g  s e e d l i n g s  m ig h t  be  

d w a r f .  Normal grow th c o u ld  be resum ed i f  s e e d l i n g s  a r e  s t r a t i f i e d .  C6me 

(1980 /81 )  r e p o r t e d  in  a p p le  embryo t h a t  i n c u b a t io n  a t  15-20°C f o r  2-3 weeks 

i n  a medium i n  p u re  n i t r o g e n  b r e a k s  dormancy. Removal o f  c o v e r in g  s t r u c t u r e s  

m igh t s h o r t e n  th e  p r e t r e a t m e n t  p e r i o d .  F ra n k la n d  and Wareing (1966) r e p o r t e d  

in  h a z e l  seeds (C o ry lu s  a v e l l a n a ) t h a t  i n t a c t  s e e d s  r e q u i r e d  12 weeks o f  

c h i l l i n g ,  w hereas  t h e  embryo w i th  t h e  c o v e r in g  removed w i l l  g e rm in a te  a f t e r  

4 weeks o f  c h i l l i n g .  I n t a c t  s e e d s  o f  Acer saccharum needed  abou t 60 days 

o f  s t r a t i f i c a t i o n  to  b re a k  dorm ancy, w h i le  rem oval o f  p e r i c a r p  o r  p r i c k i n g  

t h e  seed  d e c re a s e d  th e  s t r a t i f i c a t i o n  p e r i o d  by 43 days and 23 days r e s p e c t -  • 

i v e l y  (Webb and Dum broff, 1 9 6 9 ) .

I n  t h e  c a s e  o f  s e e d s  w i th  c o a t—imposed dormancy, normal g e rm in a t io n  can  

be a t t a i n e d  w i th o u t  s t r a t i f y i n g  th e  s e e d s ,  b u t  s t r a t i f i c a t i o n  widens t h e  

g e rm in a t io n  c o n d i t i o n s .  The d u r a t i o n  o f  p r e t r e a t m e n t  need n o t  be  too lo n g ,  

e . g .  42 days a t  1.5°C b re a k s  dormancy i n  Rumex c r i s p u s  ( T o t t e r d e l l  and 

R o b e r ts ,  1979). Also Brown and Van S taden  (1973) r e p o r t e d  30 days s t r a t i ­

f i c a t i o n  i s  s u f f i c i e n t  t o  remove c o a t  imposed dormancy i n  seeds  o f  Leucadendron t  

d a p h n o id e s .

T o t t e r d e l l  and R o b e r ts  (1979) i n v e s t i g a t e d  th e  s t r a t i f i c a t i o n  e f f e c t  on 

Rumex s p e c i e s .  They r e p o r t e d  t h a t  two o ppos ing  e v e n ts  o c c u r r e d  d u r in g  

s t r a t i f i c a t i o n ,  namely a r a p i d  l o s s  o f  i n n a t e  dormancy which i s  in d ep en d en t  

o f  b o th  l i g h t  and t e m p e ra tu re ,  and a s lo w e r  i n d u c t io n  o f  s e c o n d a ry  dormancy 

which i s  t e m p e ra tu re ^ d e p e n d e n t .  S h o r t  e x p o su re s  w i t h in  th e  t e m p e ra tu re  range
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o f  1 .5  “ 15°C s t i m u l a t e  l o s s  o f  dormancy, 1.5°C b e in g  most e f f e c t i v e ,  b u t  

w i th  lo n g e r  p e r i o d s ,  s t r a t i f i c a t i o n  becomes l e s s  and l e s s  e f f e c t i v e  and  t h i s  

f a l l  i s  th o u g h t  to  be due to  s e c o n d a ry  dormancy, w hich  s e t s  i n  more r a p i d l y  

a t  10°C th a n  a t  1 .5°C . In  t h e  l i g h t ,  seco n d a ry  dormancy i s  a p p a r e n t l y  

d e f e r r e d ,  and  a l s o  t h e  optimum te m p e ra tu re  f o r  s t r a t i f i c a t i o n  depends more 

on th e  i n d u c t io n  o f  seco n d a ry  dormancy th a n  on th e  p r o c e s s  l e a d i n g  t o  l o s s  o f  

dormancy ( T o t t e r d e l l  and R o b e r t s ,  1979). C apsel  l a  b u r s a - p a s t o r i s  e x h i b i t e d  

se c o n d a ry  dormancy a f t e r  7 days o f  c h i l l i n g  (R o b e r ts  and Benjam in, 19 79 ) .  

However, t h i s  i n d u c t i o n  o f  s e co n d a ry  dormancy by c h i l l i n g  i s  n o t  u n i v e r s a l .  

I n d e e d ,  V in c e n t  and  R o b e r ts  (1979) f a i l e d  t o  in d u ce  s e c o n d a ry  dormancy i n  

P a p a v e r  r h o e a s , S p e rg u la  a r v e n s i s  and  Chenopodium polyspermum a f t e r  24-28 

weeks o f  c h i l l i n g ,  r a t h e r  f u r t h e r  i n c r e a s e s  i n  g e rm in a t io n  were o b s e r v e d .

E nv ironm en ta l  f a c t o r s  su c h  as n i t r a t e  in  th e  s o i l  and  l i g h t  m ig h t  b e  

e x p e c te d  to  i n f l u e n c e  s t r a t i f i c a t i o n .  N i t r a t e  s t r o n g l y  i n f l u e n c e s  th e  se ed s  

o f  Sisymbrium o f f i c i n a l e  d u r in g  c h i l l i n g  (K arssen ,  1980/81a& b), though  i t  

d e c r e a s e d  th e  s t i m u l a t o r y  e f f e c t  o f  c h i l l i n g  i n  C a p s e l l a  b u r s a - p a s t o r i s  (R o b e rts  

an d  Benjamin, 1979). L ig h t  has  no a p p a r e n t  e f f e c t  upon dormancy b r e a k a g e  a t  

m o d era te  t e m p e ra tu re .  I t  was b e n e f i c i a l  d u r in g  c h i l l i n g  i n  C a p s e l l a  b u r s a -  

p a s t o r i s ,  has p o s i t i v e  e f f e c t  in  Chenopodium album a f t e r  7 days o f  c h i l l i n g ,  

and  s l i g h t l y  s t i m u l a t o r y  i n  Poa annua (R o b e rts  and  Benjamin, 1979) .  In

' Ii
.

s p e c i e s  l i k e  Papaver  r h o e a s , s t r a t i f i c a t i o n  was e f f e c t i v e  i f  s e e d s  were 

s u b s e q u e n t ly  i l l u m i n a t e d .  However, i f  i l l u m i n a t i o n  o c c u rs  d u r in g  p r e t r e a t m e n t

r a t h e r  th a n  a f t e r  in  Rumex c r i s p u s  and Chrysanthemum seg e tu m , g e r m in a t io n  was

s t i m u l a t e d ,  though  i n  Chenopodium polyspermum and S p e rg u la  a r v e n s i s  g e rm in a t io n  

was t h e  same r e g a r d l e s s  o f  when i l l u m i n a t e d  (V in cen t  and R o b e r ts ,  197 9 ) .  The 

d u r a t i o n  o f  c h i l l i n g  w hich  i n c r e a s e s  t h e  r e s p o n s e  to  l i g h t  ( i . e .  few days) 

d o e s  n o t  t e r m in a te  dormancy i n  d a r k n e s s .  To a c h ie v e  t h i s ,  p ro lo n g e d  p e r i o d s

o f  c h i l l i n g ,  e x te n d in g  o v e r  some weeks, must be e x p e r ie n c e d .  The combined
'  I

e f f e c t  o f  s t r a t i f i c a t i o n ,  l i g h t  and n i t r a t e  gave  th e  h i g h e s t  g e rm in a t io n  in

most s p e c i e s ,  and a d e la y  i n  e x p o su re  t o  l i g h t ,  a f t e r  s t r a t i f i c a t i o n  in  th e  

d a r k  r e d u c e s  th e  i n t e r a c t i o n  betw een s t r a t i f i c a t i o n  and l i g h t  i n  rem oving th e
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dormancy o f  S. a r v e n s i s , C. polyspermum and R. c r i s p u s  (V incen t  and R o b e r t s ,

1 9 7 9 ) .  S t r a t i f i c a t i o n ,  th e y  s u g g e s te d ,  i n t e r a c t s  w i th  n i t r a t e  p r e s e n t  

d u r in g  t h e  s u b s e q u e n t  p e r i o d  a t  h i g h e r  t e m p e ra tu re  and n o t  d u r in g  s t r a t i f i c a t i o n  

p e r io d .

Phytochrome e f f e c t s  have  been  shown i n  some s p e c i e s  d u r in g  s t r a t i f i c a t i o n .  . 

T a y lo rs o n  and H end r icks  (1969) r e p o r t e d  i n  Amaranthus r e t r o f l e x u s  s e e d s  t h a t  

su b seq u e n t  d a r k  g e rm in a t io n  was p r e v e n te d  i f  FR i r r a d i a t i o n  was g iv e n  betw een 

24“72h o f  p r e c h i l l i n g  t r e a t m e n t ,  and t h i s  i n h i b i t i o n  was c o m p le te ly  r e v e r s e d  

by R—l i g h t  t r e a tm e n t .  Also 5 m in u te s  R—l i g h t  a t  o r  b e f o r e  24h o f  a 6 -day 

10°C p r e c h i l l i n g  p e r io d  r e s u l t e d  in  n e a r l y  com ple te  p ro m o tio n  when th e  se ed s  

were s u b s e q u e n t ly  g e rm in a te d  a t  35°C. Okagami and Kawai (1977) a l s o  

o b se rv e d  t h a t  i n  D io s c o re a  to k o ro  and D. t e n u i p e s , R—l i g h t  i r r a d i a t i o n  d u r in g  

t h e  i n c u b a t io n  a f t e r  c h i l l i n g  p e r io d  p rom oted  g e rm in a t io n  w h i l e  b l u e ,  g reen  

and f a r - r e d  l i g h t  i n h i b i t e d  th e  g e rm in a t io n  o f  b o th  s p e c i e s .  Hence, t h e  

r e s u l t a n t  g e rm in a t io n  depends on t h e  n a tu r e  o f  t h e  f i n a l  i r r a d i a t i o n  and 

when d u r in g  p r e c h i l l i n g  i t  was a p p l i e d .  I t  has  a l s o  been  o b s e rv e d  t h a t  

i n a c t i v a t i o n  o f  P f r  was found to  p ro c e e d  more r a p i d l y  a t  2 5° th a n  20°C, and 

t h e  f a i l u r e  o f  i m b i b i t i o n  te m p e ra tu re  above 20°C to  i n c r e a s e  d a rk  g e rm in a t io n  

o f  A. r e t r o f l e x u s  se ed  was a t t r i b u t e d  t o  r a p i d  th e rm a l  r e v e r s i o n  o f  p r e ­

e x i s t e n t  P f r  (T a y lo r s o n  and H e n d r ic k s ,  1 9 6 9 ) .

S t r a t i f i c a t i o n  re q u i r e m e n t  i s  a f f e c t e d  by p ro v en an ce  and w e a th e r .

Fow ler and Dwight (1964) i n v e s t i g a t e d  t h e  s t r a t i f i c a t i o n  r e q u i r e m e n t  o f  P in u s  

s t r o b u s  (w h i te  p in e )  s e e d s  from  11 d i f f e r e n t  p l a c e s ,  and o b se rv e d  t h a t  s e e d s  

from n o r th e r n  so u rc e s  r e q u i r e d  l e s s  c h i l l i n g  t r e a tm e n t  th a n  se ed s  from t h e  

s o u th e rn  s o u r c e s .  A lso ,  th e y  f u r t h e r  c o r r e l a t e d  a v e ra g e  g e rm in a t io n  o f  

s e e d s  from d i f f e r e n t  p ro v en a n c e s  t o  th e  l a t i t u d e  and mean J a n u a ry  t e m p e ra tu re  

o f  t h e i r  o r i g i n s .  I n d e e d ,  s t r a t i f i c a t i o n  r e q u i r e m e n t  m ig h t  be an a d a p t a t i o n  

to  c l i m a t i c  f a c t o r s  a s s o c i a t e d  w i th  a  p a r t i c u l a r  p ro v en a n c e .



E f f e c t  o f  Low T e m p era tu re  on embryo growth p o t e n t i a l  and M etabo lism

Low T em p era tu re  p r e t r e a t m e n t  e f f e c t s  on embryo grow th  p o t e n t i a l  and 

m etabo lism  have been w e l l  documented in  t h e  r e c e n t  book o f  Bewley and Black 

(1 9 8 2 ) .  In  f a c t ,  a  c r i t i c a l  look  a t  t h e  l i s t e d  exam ples shows t h a t  i n  a l l  

c a s e s ,  embryo g row th  t a k e s  p l a c e  b o th  a t  s t r a t i f i c a t i o n  t e m p e r a tu r e s  and 

n o n - s t r a t i f i c a t i o n  t e m p e r a t u r e s .  T h is  m igh t s u g g e s t  t h a t  embryo grow th i s  

n o t  s o l e l y  d e penden t  on a low t e m p e r a tu r e  p r e t r e a t m e n t  which b re a k s  dormancy. 

Thus t h e  i n i t i a l  embryo e x p a n s io n  c a n n o t  be c o n c lu s i v e l y  l i n k e d  to  th e  

dormancy b r e a k in g  phenomenon. I t  s h o u ld  a l s o  be  n o te d  t h a t  se ed s  showing 

embryo growth p o t e n t i a l  p o s s e s s  immature embryos, h en ce  embryo dormancy.

Bewley and Black n o te d  t h a t  i n  most c a s e s ,  m easurem ent o f  r e s p i r a t i o n  i s  

c a r r i e d  o u t  a t  n o n - s t r a t i f y i n g  t e m p e r a tu r e s  and n o t  a t  low t e m p e r a tu r e .

I f  t h e  seed  i s  dorm ant th e n  r e s p i r a t i o n  w i l l  be low a t  t h e  h ig h e r  t e m p e ra tu re s  

and f a l s e  c o n c lu s io n s  may be  made. C om para tive  c o n t r o l  e x p e r im e n ts  a r e  

o f t e n  n o t  c a r r i e d  o u t ,  and c o m p a r iso n s  a r e  n o t  made be tw een  dorm ant and  non- 

dormant s e e d s .  A few examples a r e  c i t e d  below.

S tokes  (1953) r e p o r t e d  t h a t  d u r in g  Low T em pera tu re  p r e t r e a t m e n t ,  in  

Heracleum  sp h o n d y liu m , endosperm p r o t e i n s  a r e  b roken  down t o  n i t r o g e n o u s  

compounds and t r a n s f e r r e d  t o  t h e  embryo which e n la r g e s  from 0 .4  p e r c e n t  t o  

30 p e r c e n t  o f  t h e  t o t a l  w e ig h t  i n  c o n t r a s t  to  15°C t r e a t m e n t .  He a l s o

o b se rv e d  t h a t  s o l u b l e  s u g a r s  a r e  t r a n s f e r r e d  t o  t h e  embryo a t  b o th

5°C and 15°C and c o n c lu d e d  t h a t  n i t r o g e n  s t a r v a t i o n  i s  r e s p o n s i b l e  f o r  

c e s s a t i o n  o f  embryo g row th  a t  room te m p e r a tu r e .  Amino a c i d s ,  o r g a n ic  a c i d s  

ai^cl p h o sp h a te  g r a d u a l l y  i n c r e a s e d  in  peach  s e e d s  a t  b o th  s t r a t i f i c a t i o n  and 

n o n - s t r a t i f i c a t i o n  t e m p e ra tu re s  (Flem ion and De S i lv a ,  1960 ) .  There  i s  no 

c o r r e l a t i o n  betw een  b re a k in g  o f  dormancy and p e r o x id a s e  i n c r e a s e  in  a p p le  

embryo. P e r o x id a s e  a c t i v i t y  i n c r e a s e s  in  th e  c o ld  (5°C) and more when 

embryos a r e  p la c e d  a t  20°C, though  t h i s  t e m p e ra tu re  does  n o t  b r e a k  dormancy 

(Côme, 1980/81; T hevenot e t  a d . ,  1977), The growth p o t e n t i a l  o f  th e  embryonic 

a x i s  o f  Acer saccharum  ( e l o n g a t io n  o f  a x i s )  r e a c h e s  a maximum a f t e r  70 days
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a t  5°C w i th  30 p e r c e n t  g e r m in a t io n ,  a l th o u g h  a p p r e c i a b l e  g e rm in a t io n  (90%)

o c c u r r e d  a f t e r  90 days a t  5°C. Here a g a in ,  t h e r e  i s  no c o r r e l a t i o n  betw een

th e  t im e  o f  maximum a x i a l  g row th  and t e r m in a t i o n  o f  dormancy. In t h e  above

s tu d y  to o ,  oxygen consum ption  o f  t h e  a x i s  rem ained  c o n s t a n t  f o r  5°C t r e a tm e n t

in  c o n t r a s t  to  2CPC t r e a tm e n t  w here  oxygen consum ption  was g r e a t e r  a t  th e

e a r l y  p e r io d  o f  t r e a tm e n t  (Sinunonds and Dumbroff, 1974). In  c h e r r y  s e e d s ,
.

t h e  t o t a l  n i t r o g e n  and p h o sp h o ru s  i n c r e a s e d  in  th e  embryonic a x i s  and a r e  

t r a n s l o c a t e d  from th e  c o ty l e d o n  f o r  5°C t r e a tm e n t  in  c o n t r a s t  t o  25°C. There  

was a l s o  an i n c r e a s e  i n  r e s p i r a t o r y  e f f i c i e n c y  a t  5°C compared to  25°C (Olney 

and P o l lo c k ,  1960). The l a t t e r  work m igh t s u g g e s t  t h a t  lac k  o f  p h o sp h a te  

to  th e  embryonic a x i s  r e s u l t s  i n  red u c e d  RNA s y n t h e s i s  in  dormant c h e r r y  

s e e d s ,  t h e r e b y  m a in ta in in g  dormancy, b u t  D avies  and P i n f i e l d  (1979) r e p o r t e d

t h a t  th e  c a p a c i t y  o f  c o ty le d o n s  and em bryonic a x i s  to  s y n th e s i z e  RNA a t  b o th  

5°C o r  17°C t r e a t m e n t s  d id  n o t  d i f f e r ,  b u t  t h e  embryonic a x i s  c a p a c i t y  f o r  

RNA and p r o t e i n  s y n t h e s i s  i n c r e a s e d  o n ly  a f t e r  an  e x t e n s i v e  Low T em pera tu re  

p r e t r e a t m e n t  p e r i o d .  Bewley and Black (1982) s u g g e s te d  t h a t  t h i s  i n c r e a s e  

m ig h t  be r e l a t e d  t o  th e  i n i t i a t i o n  o f  r a d i c l e  growth which o c c u r r e d  a f t e r  

t h i s  t im e ,  r a t h e r  th a n  t o  be  a s s o c i a t e d  w i th  b re a k in g  o f  dorm ancy. The 

l a t t e r  a u th o r s  have a l s o  r e v ie w e d ,  e x t e n s i v e l y ,  t h e  c o r r e l a t i o n  betw een  ATP, 

RNA, n u c l e o l i ,  cimino a c id s  and p h o s p h a te  su g a rs  w i th  r e g a r d  to  Low T em pera tu re  

p r e t r e a t m e n t  and conc luded  t h a t  t h e s e  r e s u l t s  sh o u ld  be  a c c e p te d  w ith  c a u t i o n  

b e c a u s e ,  a s  n o ted  e a r l i e r ,  m ost works l a c k  a d e q u a te  c o m p a ra t iv e  c o n t r o l s .

These phenomenon may n o t  be t h e  a c t u a l  do rm an cy -b reak in g  mechanism, b u t  may 

be  seconda ry  e v e n ts  r e s u l t i n g  from i t ,  o r  may even be  c o m p le te ly  u n r e l a t e d .

T em pera tu re  S h i f t

The b re a k in g  o f  dormancy cou ld  be u n d e r  t h e  c o n t r o l  o f  t e m p e ra tu re  

s h i f t s ,  and m igh t be e x p re s s e d  i n  c o m b in a t io n  w ith  l i g h t .  T em pera tu re  

s h i f t s  from low to  h ig h  t e m p e ra tu re  have been shown to  in d u ce  g e rm in a t io n  in 

Rumex spp ( T o t t e r d e l l  and R o b e r t s ,  1981); in  Lepidium v i rg in ic u m  (Toole e t





18

a l .  ̂ 1955 ) .  I n  th e  case  o f  Lepidiuin, t h e  s h i f t  r e s p o n s e  was o n ly  found  in  

s e e d s  which had  been  g iv e n  a s a t u r a t i n g  d ose  o f  R l i g h t .  The te m p e ra tu re  

d i f f e r e n t i a l  be tw een t h e  u p p e r  and low er t e m p e ra tu re  may be c r i t i c a l ,  as 

m ig h t  a l s o  be th e  v a lu e  o f  th e  h i g h e r  t e m p e ra tu re  in  th e  s h i f t  reg im e .  In 

f a c t ,  day t e m p e r a tu r e s  co u ld  be a s  h ig h  as  35®C w h i le  n i g h t  t e m p e ra tu re s  a s  

low as  10°C ( se e  o p p o s i t e  page , F ig u r e  l . i ) .

The se ed s  a t  t h e  u p p e r  s u r f a c e  o f  t h e  s o i l  would e x p e r ie n c e  t h i s  day 

and  n i g h t  t e m p e ra tu re  s h i f t  i n  com parison  to  seeds  a t  dep th  and m ig h t  be  

s t i m u l a t e d  to  g e rm in a te .  This  i s  o f  e c o l o g i c a l  im po r tance  s in c e  g e rm in a t io n  

m igh t  on ly  o c c u r  i n  summer months when such  te m p e ra tu re  d i f f e r e n t i a l  co u ld  

be a t t a i n e d  and  a c r i t i c a l  h ig h  day t e m p e ra tu re  r e a c h e d .  A lso t h i s  

t e m p e ra tu re  s h i f t  would h e lp  the  seed  t o  sense  i t s  d e p th  i n  t h e  s o i l ,  t h u s  

th o se  a t  d e e p e r  d e p th s  would n o t  g e rm in a te .

(2) A m plitude ,

(3) The v a lu e  o f  the  u p p e r /v a lu e  o f  th e  low er t e m p e ra tu re ,

(4) The t im e  s p e n t  a t  th e  u p p e r / t im e  s p e n t  a t  th e  low er  t e m p e ra tu re  w i t h in

each  c y c le ,

(5) Timing o f  the  c y c le  w i th  r e s p e c t  to  i m b i b i t i o n ,  and

(6) The r a t e  o f  c o o l i n g / r a t e  o f  warming.

A l t e r n a t i n g  T em pera tu res

D uring th e  summer s e a s o n ,  s o i l  te m p e ra tu re s  in  f i e l d  

c o n d i t io n s  a re  such t h a t  th e  p e r i o d  a t  th e  h i g h e r  i s  a 

sm a l l  f r a c t i o n  (40%) o f  th e  24 h c y c l e .  L ig h t  m igh t a l s o  be 

in v o lv e d  becau se  i n  f i e l d  c i r c u m s ta n c e s  th e  t e m p e ra tu re  changes a r e  d i u r n a l  Æ

and fo l lo w  th e  n i g h t / d a y  c y c le .  T o t t e r d e l l  and R o b e r ts  (1 9 8 0 ) ,  w ork ing

w i th  s e e d  o f  Rumex s p p . ,  enum erated  f e a t u r e s  o f  a l t e r n a t i n g  t e m p e ra tu re s  t h a t  1
' ^

s h o u ld  be  c o n s id e r e d ,  namely:

(1 )  Number o f  c y c l e s ,  y

 ! ^  /.......
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They o b s e rv e d  t h a t  t h e  e s t a b l i s h m e n t  o f  an 8h ( i n  t h e  h ig h  t e m p e ra tu re  p a r t  

o f  t h e  c y c le )  and a 16h ( i n  t h e  low te m p e ra tu re  p a r t  o f  t h e  c y c le )  i s  t h e  

m ost s t i m u l a t o r y  s i n g l e  re g im e .  The u p p e r  t e m p e ra tu re  m ust be above 15®C and 

t h e  low er  below 25“C w i t h  a minimum a m p l i tu d e  o f  S°C and optimum o f  15*C.

Thompson (1974) r e p o r t e d  t h a t  c e l e x y  (Apium g r a v e o le n s )  seeds d i s p l a y e d  

r e s t r i c t e d  g e rm in a t io n  a t  c o n s ta n t  t e m p e r a tu r e s ,  o p t im a l  a t  medium (12*C to 

15°C and 22®C to  25*C) and u n f a v o u r a b le  below 10°C to  above 35®C. Thompson 

(1969) i n  Lycopus eu ro p a e u s  r e p o r t e d  t h a t  h ig h  t e m p e ra tu re  d u r in g  t h e  l i g h t  

p e r i o d  p rom otes  g e r m i n a t io n  and t h e  t e m p e ra tu re  d i f f e r e n t i a l  must exceed  7°C. 

He a l s o  o b s e rv e d  t h a t  e v id e n c e  f o r  c r i t i c a l  t e m p e ra tu re  i s  l a c k in g  and t h a t  

g e r m in a t io n  o c c u r r e d  i r r e s p e c t i v e  o f  w h e th e r  t h e  te m p e ra tu re  changes r e s u l t e d  

from a r i s e  i n  t h e  m id d le  (15°C/35°C/15®C) o r  a f a l l  in  t h e  m idd le  (35*C/ 

1 5 °C /3 5 °C ) .

Thompson e t  ad^. (1977) o b s e rv e d  t h a t  a l t e r n a t i n g  t e m p e ra tu re  s t i m u l a t e d  

h ig h  g e rm in a t io n  in  s p e c i e s  o f  m a rs h e s ,  bo g s ,  s t r e a m s id e s  and o t h e r  w e t la n d  

h a b i t a t s ,  e . g .  Chenopodium ru b ru m . Polygonum p e r s i c a r i a  and Polygonum 

l a p a t h i f o l i u m . They co n c lu d e d  t h a t  a l t e r n a t i n g  te m p e ra tu re s  p ro v id e  a 

mechanism w hich  causés  s e e d  to  g e rm in a te  i n  p l a c e s  f a v o u r a b le  f o r  s e e d l i n g  

e s t a b l i s h m e n t .

High Tem pera tu re

S e c o n d a ry dormancy: -  The i n d u c t i o n  o f  s e c o n d a ry  dormancy i n  t h e  f i e l d  by h igh  

t e m p e r a tu r e  has  been  o b se rv e d  on seeds  whose p r im a ry  dormancy h a s  been  b ro k en  

by low—te m p e ra tu re  p r e t r e a t m e n t  o f  th e  w i n t e r  m onths, e . g .  Sisymbrium 

o f f i c i n a l e , and in  s e e d s  w i th o u t  p r im a ry  dormancy, e . g .  S enec io  v u l g a r i s  

(K a rs se n ,  1 9 8 0 /8 1 a§ b ) .  T h is  s e c o n d a ry  dormancy i s  known a s  therm odorm ancy. 

The e f f e c t  o f  da rk  i m b i b i t i o n  a t  s u p ra o p t im a l  t e m p e ra tu re s  c o u ld  be d e t e c t e d  

i f  g e rm in a t io n  i s  p r e v e n te d  o r  reduced  u n d e r  the  c o n d i t i o n s  which p r e v io u s ly  

a l lo w e d  g e rm in a t io n .  I t  has  been  s u g g e s te d  t h a t  p r im a ry  dormancy may e i t h e r
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be  embryonal o r  n o n “em bryona l,  w h i l e  s e co n d a ry  dormancy induced  by h ig h
■

t e m p e ra tu re  i n  m ost c a s e s  i s  em bryonal i n  n a t u r e ,  e . g .  in  l e t t u c e  se ed  (Khan, 

1980 /81 ).

The above o b s e r v a t i o n  l e d  some a u th o r s  t o  s u g g e s t  t h a t  one o f  t h e  f a c t o r s  

in d u c in g  s e c o n d a ry  dormancy i n  s e e d s  i n  th e  s o i l s  m ig h t  be h ig h  t e m p e r a tu r e s  

d u r in g  th e  summer m onths . K arssen  (1980/81 a^b) d e m o n s t ra te d  t h a t  changes

o c c u r r in g  d u r in g  s e a s o n a l  c y c l e s  a r e  r e f l e c t e d  in  b re a k in g  and im posing

dormancy u n d e r  f i e l d  c o n d i t i o n s .

The i n d u c t io n  o f  s e c o n d a ry  dormancy by p ro lo n g e d  d a rk  so a k in g  i n  w a te r  

a t  s u p ra o p t im a l  t e m p e ra tu re s  h a s  been  d e m o n s t ra te d  i n  l e t t u c e  seed  (Khan,

1 9 8 0 /8 1 ) ,  i n  Chenopodium b o n u s - h e n r ic u s  (Khan and K a rsse n ,  1980) and i n  

Rumex c r i s p u s  (T a y lo r s o n  and H e n d r ic k s ,  1973). I n  th e  above c a s e s ,  th e

a u th o r s  r e p o r t e d  t h a t  a p p l i c a t i o n  o f  exogenous o r  R l i g h t  i r r a d i a t i o n

was e f f e c t i v e ,  and even more e f f e c t i v e  i s  th e  co m b in a tio n  o f  k i n e t i n  +

Ethephon i- GA^^^ in  p r e v e n t in g  o r  b r e a k in g  seco n d a ry  dormancy. Khan (1980/

81) i n  l e t t u c e  s e e d  o b s e rv e d  t h a t  w h i le  GA^^^ was e f f e c t i v e  in  p r e v e n t in g

and b re a k in g  s e c o n d a ry  dormancy, GA  ̂ was s l i g h t l y  e f f e c t i v e ,  hence  t h e r e

a p p e a rs  to  be s e l e c t i v i t y  o f  hormonal a c t i o n .  The i n t e r p l a y  o f  exogenous

hormones in  w hich  GA r e l e a s e d ,  ABA i n h i b i t e d  and t h i s  i n h i b i t i o n  i s4+ /

overcome by k i n e t i n  b u t  n o t  by e x c e s s  GA^^y i n  Grand Rapid l e t t u c e  seeds  

a f t e r  p ro lo n g e d  dark  soak ing  a t  25°C was r e p o r t e d  by Khan (1 9 8 0 /8 1 ) .  Hence 

h i s  s p e c u l a t i o n  o f  p r im a ry ,  p r e v e n t i v e  and p e r m is s iv e  r o l e s  o f  hormones 

(Khan, 1971) i s  a p p l i c a b l e  to  b o th  p r im a ry  and s e co n d a ry  dormancy.

In  some c a s e s ,  t h e  d i r e c t  e f f e c t  o f  p ro lo n g e d  d a rk  so a k in g  a t  s u p r a ­

o p t im a l  t e m p e ra tu re s  l e a d s  n o t  t o  thermodormancy b u t  t o  t h e r m o in h i b i t i o n ,  

e . g .  i n  l e t t u c e  seed  (V idaver  and H s ia o ,  1975). T h is  c o u ld  be r e g a r d e d  a s  

d e t e r i o r a t i o n  o f  g e rm in a t io n  p o t e n t i a l  o f  t h e  embryo, and se ed s  m igh t be 

k i l l e d  i f  k ep t  f o r  a v e ry  lo n g  t im e  u n d e r  such  d a rk  s u p ra o p t im a l  t e m p e r a tu r e s .  

Khan (1980/81) s u g g e s te d  t h a t  t h e r m o in h i b i t i o n  cou ld  be  d i s t i n g u i s h e d  from 

thermodormancy by th e  a c t i o n  o f  f u s i c o c c i n  (FC) o r  c o t y l e n i n  (CN) a p p l i e d  a t  

d i f f e r e n t  t im e s  t o  a s e e d .  W hereas, PC and CN a r e  i n e f f e c t i v e  in  overcom ing
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in  Sisymbrium o f f i c i n a l e  (K arssen  1 9 8 0 /8 1 b ) . V id a v e r  and H siao  (1975), 

w orking  w i th  l e t t u c e  s e e d s ,  a l s o  conc luded  t h a t  s e co n d a ry  dormancy i s  an 

a n a e r o b ic  p r o c e s s .

a

t h e  thermodormancy imposed by p ro lo n g e d  d a rk  s u p ra o p t im a l  t e m p e r a tu r e s ,  

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

te m p e ra tu re  i m b i b i t i o n .  M oreover, FC, k i n e t i n  o r  k i n e t i n  + E thephon + 

g i b b e r e l l i c  a c id  c o u ld  e f f e c t i v e l y  p r e v e n t  t h e r m o i n h i b i t i o n  (Braun and Khan, 

1976; Khan, 1 9 8 0 /81 ) .

f

M echanism :- E venari  (1965) s u g g e s te d  t h a t  th e  mechanism in d u c in g  seco n d a ry  

dormancy d u r in g  i m b i b i t i o n  a t  u n f a v o u r a b le  c o n d i t i o n s  m ig h t  (1) lea d  t o  

t e r m i n a t i o n ,  b u t  th e  pathw ay may be b lo c k e d ,  e . g .  due to  t h e  p re s e n c e  o f  Pr 

o r  ab sen ce  o f  P f r  ( f o r  p h o t o b l a s t i c  s e e d s )  and i f  t h i s  b lo ck  i s  n o t  l i f t e d  

by a p p r o p r i a t e  c o n d i t i o n s ,  t h e  r e a c t i o n s  a r e  d i v e r t e d  t o  pathw ays which may 

r e s u l t  i n  a c c u m u la t io n  o f  d e l e t e r i o u s  m e t a b o l i t e s  o r  r e s p i r a t i o n  s w i tc h e d  

from one c h a n n e l  to  a n o th e r .  (2) t h a t  two d i a m e t r i c a l l y  opposed p r o c e s s e s  

a r e  i n i t i a t e d ,  one le a d in g  to  t h e  b u i ld - u p  o f  a  g e rm in a t io n  i n h i b i t i n g  

s u b s ta n c e ,  and th e  o t h e r  l e a d in g  to  f u l l  g e rm in a t io n .  T h e i r  r e l a t i v e  r a t e  

w i l l  d e te rm in e  i f  s e e d s  g e rm in a te .  I f  g e rm in a t io n  i s  b lo c k e d ,  th e  

i n h i b i t i n g  p r o c e s s  p r e v a i l s .

Secondary  dormancy has  a l s o  been  s u g g e s te d  to  be an a n a e r o b ic  p r o c e s s  

(Bewley and B lack , 1982), b e c a u s e  a n a e r o b ic  c o n d i t i o n s  such as  a n i t r o g e n
'

a tm osphere  a l low  s e e d s  to  e sc a p e  t h e  e f f e c t s  o f  h ig h  te m p e ra tu re  and d a rk n e s s

I

1

D rying : - The e f f e c t  o f  h ig h  t e m p e ra tu re  in  th e  s o i l  m igh t a c t  t o  p roduce  

d ry in g  i n  t h e  s o i l .  T h is  can  o c c u r  in  n a tu r e  in t h e  s o i l  when seeds  

e x p e r ie n c e  long p e r io d s  o f  h ig h  t e m p e ra tu re  u n d e r  d ry  c o n d i t i o n s  which a r i s e  

due to  h ig h  l e v e l s  o f  s o l a r  r a d i a t i o n  ( i n s o l a t i o n ) .  T h is  r e s u l t s  in  h ig h  

é v a p o t r a n s p i r a t i o n  and c o n s e q u e n t ly  g iv e s  d ry in g  c o n d i t i o n s .  Drying in the  

f i e l d  may impose o r  r e l e a s e  dormancy. In th e  l a b o r a t o r y ,  t h i s  p ro c e s s  is  

s im u la te d  by keep ing  d ry  se ed s  a t  e l e v a t e d  t e m p e r a tu r e s ,  in  th e  r an g e  35°C -
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(s )  i s  in v o lv e d  in  t h e  " d ry  a f t e r - r i p e n i n g  p r o c e s s " ,  though  th e  mechanism 

i s  s t i l l  n o t  u n d e r s to o d .

c o n d i t i o n s  or i n  d ry  s e e d s  ( in  w hich  p r im a ry  dormancy has  been b ro k en )  u n d e r  

room t e m p e r a t u r e s .  I t  can  a l s o  b re a k  p r im a ry  ( in n a t e )  dormancy in  seeds  

s t o r e d  d r y  u n d e r  t e m p e ra tu re s  o f  25°C-40°C. T hus , t h e  s t i m u l a t o r y  o r  

i n h i b i t o r y  e f f e c t s  o f  h ig h  t e m p e r a tu r e s  depend v e r y  much on th e  s t a t e  o f  

th e  se ed .

40°C, and i s  a form o f  " a f t e r - r i p e n i n g " .  I t  i s  r e g a r d e d  a s  any change /f

which o c c u r s  i n  t h e  s e e d s  d u r in g  s t o r a g e  a s  a r e s u l t  o f  w hich g e rm in a t io n  4

i s  im proved (E venar i ,  1965). However, in  some c a s e s ,  d r y in g  co u ld  a l s o  i;

impose dormancy, e . g .  i n  l e t t u c e  seed  ( N u t i l e ,  194 5 ) .  In  m ost c a s e s ,  

dormancy i s  b ro k en  a t  e l e v a t e d  t e m p e r a tu r e s  u _ , e . g .  in  c e r e a l s  ( b a r l e y  |

and r i c e )  (R o b e rts  and Sm ith , 197 7 ) ,  and i n  embryos o f  Ambrosia t r i f i d a  %

(D a v is ,  1 9 30 ) .  R e c e n t ly ,  Bewley and Black (1982) l i s t e d  se ed s  whose |

dormancy can be r e l i e v e d  by h ig h  t e m p e r a tu r e  d r y  s t o r a g e .  I t  i s  a p p a re n t
■ÎÎ

t h a t  most o f  t h e  s e e d s  whose dormancy can  be t e r m in a te d  by h ig h  te m p e ra tu re  |
1:'

s to r a g e  have  c o a t- im p o se d  dorm ancy. The r e s u l t a n t  e f f e c t  o f  t h i s  " a f t e r -  y

r i p e n i n g "  p ro c e s s  ( l i k e  low t e m p e r a tu r e  p r e t r e a t m e n t )  i s  t o  widen th e  /

c o n d i t i o n s  u n d e r  w hich  dormancy can be b ro k en  and g e rm in a t io n  e x p re s s e d .

The r a t e  o f  t h e  " a f t e r - r i p e n i n g "  p ro c e s s  has  been r e p o r t e d  to  be  a c c e l e r a t e d

by i n c r e a s e d  t e m p e ra tu re  (R o b e rts  and S m ith ,  1 9 77 ) ,  b u t  t h i s  i s  a g a in  q
■?;

d e p e n d e n t  on m o is tu re  c o n te n t  (R o b e r t s ,  1962). The l a t t e r  a u th o r  r e p o r t e d  

t h a t  h ig h  m o is tu re  c o n te n t  a c c e l e r a t e s  t h e  l o s s  o f  v i a b i l i t y  a t  h ig h  

t e m p e r a t u r e s .  I n  r i c e  s e e d ,  c a rb o n  d io x id e  and n i t r o g e n  have  no e f f e c t ,  

b u t  t h e  r a t e  o f  " a f t e r - r i p e n i n g "  i s  c o r r e l a t e d  w i th  oxygen t e n s i o n .

However, a t  v e r y  h ig h  oxygen t e n s i o n  (100 p e r c e n t )  , t h e  h ig h  t e m p e ra tu re
■I

e f f e c t  i s  d e c re a s e d  ( R o b e r t s ,  1 9 6 2 ) ,  I t  a p p e a r s  t h a t  an a e r o b i c  r e a c t i o n

In d eed ,  h ig h  t e m p e r a tu r e s  may in d u ce  seco n d a ry  dormancy i n  imbibed

I

I

.If:
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LIGHT

L ig h t  m ig h t  a c t  th ro u g h  i t s  s p e c t r a l  c o m p o s i t io n ,  and t h i s  e f f e c t  would 

be m o d if ie d  by t r a n s m i s s i o n  th ro u g h  a canopy o f  l e a v e s ,  t h e  seed c o v e r in g s ,  

seed m o is tu r e  and t h e  p o s i t i o n  o f  t h e  s e e d ,  e i t h e r  b u r ie d  o r  exposed . L ig h t  

q u a l i t y  and p h o to p e r io d  may have a r o l e  t o  p l a y  and t h e s e  p a ra m e te r s  w i l l  

v e ry  s e a s o n a l l y .

Invo lvem en t  o f  phytochrom e d u r in g  g e rm in a t io n  h a s  been r e p o r t e d  in  s e ed s  

o f  Am aranthus r e t r o f l e x u s  (T a y lo r s o n  and H e n d r ic k s ,  1971), T a y lo rs o n  (1982)

r e p o r t e d  t h a t  th e  r a t i o  o f  R/FR (and  a c c o r d in g ly  P f r / P  t o t a l )  r e f l e c t e d  changes i n  

n a t u r a l  d a y le n g t h s ,  i . e .  s u n r i s e - s u n s e t , and s c r e e n in g  e f f e c t  o f  c h lo r o p h y l l  

th ro u g h  t h e  f o l i a g e  w hich r e s u l t s  i n  FR e n r ic h m e n t .  Hence, t h e  q u a l i t y  o f  

l i g h t  r e a c h in g  t h e  embryo d u r in g  seed  m a t u r a t io n  and s to r a g e ,  (depend ing  on 

th e  m o is tu re  c o n te n t )  w i l l  d e te r m in e  th e  P f r / P  t o t a l  r a t i o  i n  t h e  embryo, 

and in  t h e  c a s e  above e n su re d  t h a t  most o f  t h e  P i s  in  t h e  P r ,  i n a c t i v e  f o r m .

Gutterm an (1980 /81)  i n  h i s  re v ie w  n o te d  t h a t  e n v iro n m e n ta l  f a c t o r s  

i n f l u e n c e  t h e  p h e n o ty p ic  c h a r a c t e r i s t i c s  o f  some s e e d s  d u r in g  m a tu r a t io n .

He r e p o r t e d  t h a t  lo n g e r  d a y le n g th s  m igh t impose t h i c k e r  seed  c o a t  c o v e r in g s  

i n  c o n t r a s t  t o  s h o r t - d a y  grown p l a n t s ,  t h e r e b y  im posing  d e e p e r  dormancy.

K ige l  a d . (1977) r e p o r t e d  t h a t  in  Am aranthus r e t r o f l e x u s , s e e d s  grown in  

s h o r t  days p o s s e s s  l e s s  dormancy and had a h ig h e r  g e rm in a t io n  t h a n  seeds  

from p a r e n t s  grown i n  lo n g  d a y s .

However, i t  i s  n o t  m anda to ry  t h a t  a l l  t h e s e  e n v iro n m en ta l  f a c t o r s  have 

to  p r e v a i l  b e f o r e  g e r m in a t io n  i s  s t i m u la t e d  o r  dormancy e n fo r c e d .

The e f f e c t  o f  l i g h t  i s  f r e q u e n t l y  d e p e n d en t  upon t e m p e r a tu r e .  P hy to ­

chrome u n d e rg o e s  th e rm a l  r e a c t i o n s ,  e . g .  d a r k  r e v e r s i o n ,  and th e  r a t i o  o f  

P f r / P - t o t a l  coup led  w i th  t h e  t h r e s h o l d  o f  P f r  r e q u i r e d  to  s t i m u l a t e  g e rm in a ­

t i o n  in  c e r t a i n  c o n d i t i o n s  m igh t d e te rm in e  i f  a seed  i s  p o s i t i v e l y  o r  

n e g a t i v e l y  p h o t o b l a s t i c .  The p o s i t i v e l y  p h o t o b l a s t i c  s e e d s  m igh t a g a in  be 

b ro a d ly  d iv id e d  in to  p h o t o s e n s i t i v e  and p h o to p e r io d ic  s e ed .
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L ig h t  has  been  shown t o  i n f l u e n c e  d i f f e r e n t  p h o to m o rp h o g e n e t ic  p r o c e s s e s .  

B lack  (1969) n o ted  t h a t  as  e a r l y  as  1860, C aspary  was a b le  t o  d e m o n s t ra te  a 

l i g h t  e f f e c t  on seed  g e r m i n a t io n .  Borthwick e ^  a ^ .  (1 9 5 2 ) ,  w orking  w i th  

l e t t u c e  seed  (Grand R a p id s )  were p r o b a b ly  t h e  f i r s t  t o  d e m o n s t ra te  c l e a r l y  

t h e  r e v e r s i b l e  p h o t o r e a c t i o n  o f  phytochrom e in  s e e d s .

E x te n s iv e  t r e a tm e n t s  o f  d i f f e r e n t  ty p e s  o f  seeds  i n  d i f f e r e n t  p h y s i o l o g i c a l

s t a t e s  and r e q u i r i n g  t r e a t m e n t s  l i k e  l i g h t  ( r e d ,  f a r - r e d ,  c o n t in u o u s  l i g h t  o r  

p h o to p e r io d is m )  may be  found  in  th e  r e c e n t  books o f  Bewley and Black (1982),  

Khan (1 982 ) ,  and Mayer (1 9 8 0 /8 1 ) .  However, a  few examples may be  c i t e d  to  

show v a r i a t i o n  which may be r e l e v a n t  to  Polygonum p e r s i c a r i a .

Some seeds  m ight r e q u i r e  l i g h t  a t  h ig h e r  t e m p e r a tu r e ,  e . g .  Grand R apids  

( B e r r i e  and  T a y lo r ,  1 9 8 1 )an d in  Amaranthus r e t r o f I e x u s  (T a y lo r s o n  and H e n d r ic k s ,  

1 9 6 9 ) .

P h o to p e r io d ic  r e s p o n s e  i n  t h e  t r u e  s e n s e  as i n  f lo w e r in g  h a s  n o t  been  

u n e q u iv o c a l ly  d e m o n s t ra te d  i n  s e e d s .  In  m ost c a s e s ,  no c r i t i c a l  d a y le n g th  

f o r  b re a k in g  dormancy has  been  shown, and p ro m o tio n  o f  g e r m in a t io n  i s  

c o r r e l a t e d  w ith  i n c r e a s e  i n  t h e  o f  l i g h t .  Black and W areing (1955)

o b se rv e d  t h a t  u n s t r a t i f i e d  s e e d s  o f  B e tu la  p u bescens  a re  s t i m u l a t e d  a t  20®C 

and above in  b o th  lo n g  and s h o r t  day  c o n d i t i o n s ,  and a t  15°C o r  l e s s ,  long

days  a r e  p ro m o tiv e  i n  c o n t r a s t  t o  s h o r t  days, V a a r t a j a  (1 9 5 6 ) ,  w h i le  

c o n f i rm in g  t h e  above r e s u l t s ,  a l s o  r e p o r t e d  t h a t  in  B e tu la  v e r r u c o s a , l i g h t  

was n o t  needed f o r  maximum g e r m in a t io n  a t  t h e  h ig h e r  t e m p e ra tu re  o f  25°C and 

above . However, F u j i i  (1962) h a s  been  a b l e  to  d e m o n s t ra te  t h a t  E r a g r o s t i s  

f e r r u g i n e a  behaved l i k e  a  s h o r t  day s p e c i e s  in  t h a t  when th e  d a rk  p e r io d  was 

i n t e r r u p t e d  w i th  a s h o r t  p e r io d  o f  i r r a d i a t i o n ,  g e r m in a t io n  was i n h i b i t e d .

W hile  some se ed s  cou ld  be c l a s s i f i e d  a s  s h o r t  o r  long  day s e e d ç ,  i n  

o t h e r s  p h o to p e r io d ic  e x p r e s s io n  i s  d ep en d en t  e n t i r e l y  on th e  t e m p e r a tu r e .

In  Chenopodium album . Gumming (1963) r e p o r t e d  t h a t  a t  10®C, g e r m in a t io n  was 

maximum w i th  a s h o r t  l i g h t  p e r io d  (4 h ) ;  a t  20°C (8h) was most s t i m u l a t o r y  i n  

a 24h c y c le ,  w h i le  a t  30®C, c o n t in u o u s  (24h) l i g h t  gave  th e  maximum g e rm in a t io n .

3
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CHEMICAL TREATMENTS 

A: Hormones

E f f e c t  o f  E xogenously  A p p l ie d  Hormones: -  Dormancy o f  many i n t a c t ,  

u n c h i l l e d  seeds  can  be a l l e v i a t e d  by t h e  a p p l i c a t i o n  o f  exogenous hormones. 

G i b b e r e l l i c  a c id  (GA^) a p p l i e d  e x t e r n a l l y  has been d e m o n s t ra te d  t o  b r e a k  

dormancy i n  s e ed s  t h a t  r e q u i r e d  Low T em pera tu re  p r e t r e a t m e n t  ( s t r a t i f i c a t i o n  

o r  c h i l l i n g )  f o r  b r e a k in g  o f  dorm ancy, e . g .  in  R u e l l i a  h u m il i s  (B ask in  and 

B a sk in ,  1971); i n  C o ry lu s  a v e l l a n a  (B radbee r  and P i n f i e l d ,  1967); and in  

th e  p u n c tu r e d  n u t s  o r  se ed s  o f  C o ry lu s  a v e l l a n a , and Fagus s y l v a t i c a  

(F ra n k la n d  and W are ing , 1 9 6 6 ) .  I t  s h o u ld  be  n o te d  t h a t  p u n c tu r in g  n o t  on ly  

p r o v id e s  p a s sa g e  f o r  r a p i d  e n t r y  o f  GA^, b u t  a l s o  m igh t i n i t i a t e  o x i d a t i o n -  

r e d u c t i o n  p r o c e s s e s ,  and t h e  l a t t e r  m ig h t  l e a d  t o  dormancy b r e a k in g  e v e n t s .  

However, in  some s e e d s ,  GA  ̂ i s  i n e f f e c t i v e  b o th  i n  i n t a c t  and p u n c tu re d  s e e d s ,

e . g .  in  Acer p l a t a n o i d e s  ( P i n f i e l d  e_t a^ . , 1974);  and even when i n j e c t e d

in t o  t h e  se ed  (Webb and W are ing , 1 9 7 2 ) .

C y to k in in  h a s  a l s o  been  i m p l ic a te d  a s  one o f  t h e  n a t u r a l  dormancy b r e a k in g

horm ones. W hile exogenous k i n e t i n  s t i m u l a t e d  t h e  g e rm in a t io n  o f  i n t a c t  

u n c h i l l e d  seeds  o f  Acer p s e u d o p la ta n u s  ( P i n f i e l d  and S t o b a r t ,  1972; Webb and 

W areing, 1972), and o f  s e ed s  o f  Acer saccharum  w i th  t h e  p e r i c a r p  removed o r  

t e s t a  p r i c k e d  when in c u b a te d  a t  Low T em pera tu re  (5®C) (Webb and Dumbroff,

1969), i t  was i n e f f e c t i v e  in  Acer p l a t a n o i d e s  ( P i n f i e l d  e t  a l . ,  1974 ) .

In d e e d ,  t h e  dormancy b r e a k in g  a c t i o n  o f  k i n e t i n  i s  abnorm al and q u e s t i o n a b l e ,  

b e c a u s e  i n  some c a s e s ,  t h e  c o ty l e d o n  expanded and r u p t u r e d  th e  t e s t a  b e f o r e

t h e  g row th  o f  th e  r a d i c l e s ,  e . g .  i n  Acer g in n a l a  (Dumbroff and Webb, 1970).

I n h i b i t o r s  have been s u g g e s te d  t o  be in v o lv e d  in  t h e  c o n t r o l  o f  seed  

dormancy and g e r m in a t io n .  A b s c i s i c  a c id  (ABA), b e c a u s e  i t  o c c u rs  n a t u r a l l y  

i n  s e e d s ,  has been  invoked t o  be  th e  m ajo r  i n h i b i t o r  im posing and m a in ta in in g  

dormancy. Exogenous ABA i n h i b i t e d  t h e  g e rm in a t io n  o f  e x c i s e d  non-dorm an t 

embryos o f  F ra x in u s  spp (Sondheim er e t  a ^ , , 1968).

I t  has been  a rg u ed  t h a t  ex o g en o u sly  a p p l i e d  hormones f a i l e d  t o  i n h i b i t
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o r  s t i m u l a t e  t h e  g e rm in a t io n  o f  non-dorm an t  and dorm ant s e ed s  r e s p e c t i v e l y  

b e c a u s e  th e y  f a i l e d  to  e n t e r  t h e  s e e d .

Ifowever, i t  s h o u ld  be n o ted  t h a t  i n  m ost o f  t h e  exam ples  c i t e d  a bove , 

exogenous hormones were a p p l i e d  t o  s e e d s  w i th  c o v e r in g s  rem oved, p u n c tu re d  

o r  even w i th  t h e  hormones i n j e c t e d .  K arssen  (1976a) r e p o r t e d  t h a t  much
';'3f

h ig h e r  l e v e l s  o f  ABA i n  t h e  se ed s  o f  Chenopodium album were o b t a in e d  by   : ' '  '

exogenous a p p l i c a t i o n  o f  t h e  hormone, b u t  t h e s e  l e v e l s  do n o t  p r e v e n t  t h e

b r e a k in g  o f  dormancy by low t e m p e r a t u r e .  U ptake o f  i s  no t  p r e v e n te d
■

by t h e  c o v e r in g  s t r u c t u r e  (K a rs se n ,  1976b).

14_ .

i
Dormant i n t a c t  s e e d s  o f  F r a x in u s  a m e r ic a n a  m e ta b o l i z e d  C-ABA b o th  a t  

5°C and 25°C i n c u b a t i o n .  W hile 5°C t r e a tm e n t  to o k  26 d a y s ,  25°C in c u b a t io n  

to o k  12 days to  m e ta b o l i z e  more t h a n  90 p e r c e n t  ^^C-ABA, and on ly  t h e  fo rm er  

t r e a tm e n t  l e a d s  to  t h e  b r e a k in g  o f  dormancy (Sondheim er e £  ^ . , 1 9 7 4 ) .

T hese o b s e r v a t i o n s  and o t h e r s  l e d  t o  t h e  h y p o th e s i s  t h a t  seed  dormancy

V i: .;

4-and g e rm in a t io n  m igh t be  r e g u l a t e d  by g row th  i n h i b i t o r s  and p ro m o te rs .  I t  

h a s  been  su g g e s te d  t h a t  a b a la n c e  be tw een  p ro m o te rs  and i n h i b i t o r s ,  w i th  

g i b b e r e l l i n  p o s s ib l y  a s  t h e  m ajor  c l a s s  o f  p ro m o te rs  and  a b s c i s i c  a c id  f o r  

i n h i b i t o r s  m ight r e g u l a t e  dormancy (Amen, 1968; W areing and S a u n d e rs ,  1971 ) .  

Khan (1 971 ) ,  w orking  w i t h  l e t t u c e  s e e d  (Grand R a p id s ) ,  ex tended  th e  h y p o th e s i s  

and s p e c u la te d  t h a t  g i b b e r e l l i n  p l a y s  a p r im a ry  r o l e ,  i n h i b i t o r s - p r e v e n t i v e  

and c y to k i n in  a  s e co n d a ry  o r  p e r m is s iv e  r o l e  in  seed  dormancy c o n t r o l  and 

r e g u l a t i o n .

Invo lvem ent o f  Hormones d u r in g  S t r a t i f i c a t i o n : -  The a c t i o n  o f  Low Tem pera tu re  

p r e t r e a t m e n t  in  t e r m in a t i n g  dormancy m igh t in v o lv e  t h e  d i s a p p e a ra n c e  o f  

i n h i b i t o r s ,  e s p e c i a l l y  ABA, a n d /o r  t h e  a p p e a ra n c e  o f  p r o m o te r s ,  n o t a b ly  

g i b b e r e l l i n ( s )  and c y t o k i n i n s . The l e v e l  o f  endogenous ABA has been r e p o r t e d  

to  d rop  d u r in g  t h e  Low T em pera tu re  p r e t r e a t m e n t  p e r i o d  w hich  b re a k s  dormancy

i n  P yrus  malus (B a r th e  und B a la rd ,  1978);  i n  Fagus s y l v a t i c a  ( E l - A n ta b ly , 

1976);  in  Acer saccharum (Enu-Kwesi and Dumbroff, 1978); i n  a p p le  (R u d n ick i ,  

1969); and in  dormant F ra x in u s  a m e r ic a n a , t h e  l e v e l  was a s  low a s  t h a t
«
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found i n  non-dorm an t F ra x in u s  o rn u s  s e e d s  (Sondheim er ^  , 1 9 6 8 ) .  In

most o f  t h e  e x p e r im e n ts  d e s c r i b e d  above , t h e  d i s a p p e a ra n c e  o f  ABA u n d e r  non-  

s t r a t i f i c a t i o n  t e m p e r a tu r e s  was n o t  t e s t e d .  ABA d e c l i n e d  a f t e r  3 weeks o f  

Low -Tem perature  p r e t r e a t m e n t  in  a p p le ,  even though  a p p r e c i a b l e  g e rm in a t io n  

was o n ly  o b s e rv e d  a f t e r  12 weeks ex p o su re  t o  Low T e m p era tu re .  A s i m i l a r  

p a t t e r n  i s  s e en  in  A cer p l a t a n o i d e s  ( P i n f i e l d  and D a v ie s ,  1 9 7 8 ) .  While t h e  

above works t e n d  to  i m p l i c a t e  ABA in  seed  dormancy c o n t r o l ,  o t h e r  s t u d i e s  

have shown t h a t  ABA amounts c o u ld  a l s o  d rop  i n  seeds k ep t  u n d e r  non-Low
•f

T em p era tu re  p r e t r e a t m e n t  p e r io d  t h a t  d o e s  n o t  b r e a k  dorm ancy, e . g .  in  C o ry lu s  

a v a i l a n a  OVilliam e ^  , 1973);  i n  P y rus  malus ( a p p le )  (B a lb o a -Z a v a la  and 

D e n n is ,  1977);  and i n  peach  (Prunus p e r s i c a  (Bonamy and D e n n is ,  1977).

In  f a c t ,  D ennis  ejt a l . (1978) went f u r t h e r  to  d e m o n s t ra te  t h a t  some s p e c i e s  

l i k e  p e a r  ( Pyrus  communis) seeds had low l e v e l s  o f  ABA, y e t  r e q u i r e d  v e ry  

lo n g  Low—T e m p era tu re  p r e t r e a t m e n t  p e r i o d s , im p ly ing  t h a t  t h e  s t r a t i f i c a t i o n  

p e r i o d  i s  n o t  c o r r e l a t e d  w i th  endogenous ABA c o n t e n t .  Thus, t h e  above 

examples d e m o n s t ra te d  t h a t  Low-Tem perature p r e t r e a t m e n t  e v e n ts  a r e  n o t  s o l e l y  

c o r r e l a t e d  w i th  a  d rop  i n  ABA c o n t e n t ,  and hence  t h e  q u e s t i o n  w h e th e r  t h e  

d ro p  In  ABA c o n te n t  i s  a  p r e r e q u i s i t e  f o r  b r e a k in g  o f  dormancy i s  s t i l l  

u nansw ered . B e r r i e  e t  a l .  (1979) n o te d  t h a t  dormancy i n  Avena f a t u a  was 

b e t t e r  c o r r e l a t e d  w i th  v o l a t i l e  f a t t y  a c i d  l e v e l s  t h a n  ABA l e v e l s .  T h is  i s  

r e a s o n a b le  when one c o n s id e r s  t h a t  th e  p l a n t  c e l l  membranes c o n s i s t  o f  l i p i d s  

and l i p o p r o t e i n s ,  and t h e  s t a t e  o f  t h e s e  l i p i d s  m ig h t  d e te r m in e  t h e  i n d u c t io n  

and b r e a k in g  o f  dorm ancy.

Growth p ro m o te rs  su c h  as g i b b e r e l l i n  and c y t o k i n i n  m igh t  a l s o  p la y  a  r o l e  

i n  t e r m in a t i n g  t h e  dormancy o f  s e e d s  r e q u i r i n g  s t r a t i f i c a t i o n .  V i l l i e r s  and 

W areing (1965) o b se rv e d  i n  F ra x in u s  e x c e l s i o r  t h a t  Low—T em pera tu re  p r e ­

t r e a t m e n t  does  n o t  r e d u c e  t h e  i n h i b i t o r  c o n te n t  o f  t h e  embryos b u t  i n c r e a s e s  

t h e  c o n te n t  o f  g e rm in a t io n  p ro m o te r  w hich e n a b le s  t h e  embryo t o  overcome th e  

e f f e c t s  o f  t h e  i n h i b i t o r s .  G i b b e r e l l i n  and c y to k i n in - 1 i k e  s u b s ta n c e s  have 

been s u g g e s te d  to  i n c r e a s e  d u r in g  th e  p ro c e s s  o f  Low—T em pera tu re  p r e t r e a t m e n t  

in  Fagus s y l v a t i c a , even  though  c o n t r o l l e d  ex p e r im en ts  were n o t  c a r r i e d  o u t

A . . . V ' v  L . . I k »
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( E l - A n ta b ly ,  1976) .  E x t r a c t s  o f  s e e d s  o f  Acer p l a t a n o i d e s  k e p t  a t  5®C had 

a h ig h e r  g i b b e r e l l i n - l i k e  a c t i v i t y  compared to  seed s  JCept a t  17®C. However, 

t h e  c y t o k i n i n  a c t i v i t y  rem a ined  low, and no c o n s i s t e n t  d i f f e r e n c e s  co u ld  be 

d e t e c t e d  betw een t h e  5°C and 17®C t r e a t m e n t s  ( P i n f i e l d  and D a v ie s ,  1978). 

T a y lo r  and Wareing (1 9 7 9 a ,b )  r e p o r t e d  t h a t  in  P se u d o tsu g a  m e n z i e s i i , 

g i b b e r e l l i n - l i k e  s u b s ta n c e s  i n c r e a s e  d u r in g  s t r a t i f i c a t i o n  and were 7 t im e s  

h ig h e r  a f t e r  7 w eeks, b u t  d e c l i n e d  s u b s e q u e n t ly ,  w h i le  c y t o k i n i n - 1 i k e  a c t i v i t y  

d id  n o t  change . Also t h e  l a t t e r  w orkers  n o te d  t h a t  i n  P in u s  1a m b e r t i a n a , a 

2 0 - fo ld  i n c r e a s e  i n  g i b b e r e l l i n - l i k e  a c t i v i t y  a f t e r  8 weeks o f  Low T em pera tu re  

p r e t r e a t m e n t  was d e t e c t e d ,  u n l i k e  n o n - s t r a t i f i e d  s e e d s .  C y to k in in - 1 ik e  

a c t i v i t y  a l s o  i n c r e a s e d ,  b u t  by 2 0 0 - f o ld ,  a f t e r  10 w eeks. Both g i b b e r e l l i n  

and c y t o k i n i n - l i k e  a c t i v i t i e s  d e c l i n e d  r a p i d l y  a f t e r  r e a c h in g  t h e  maximum 

v a l u e s .  In  Leucadendron  d a p h n e id e s , c y t o k i n i n  i s  found  in  b o th  s t r a t i f i e d  

and n o n - s t r a t i f i e d  seeds  (Brown and Van S ta d e n ,  1 9 7 3 ) .  They s u g g e s te d  t h a t  

s t r a t i f i c a t i o n  m igh t b r in g  a b o u t  an  i n t e r c o n v e r s i o n  o f  bound c y t o k i n i n  t o  

f r e e  c y t o k i n i n  r a t h e r  t h a n  a  de novo s y n t h e s i s  as o c c u r r e d  in  P r o te a  com pacta  

where s t r a t i f i e d  s e e d s  r e s u l t e d  i n  a  s im u l ta n e o u s  i n c r e a s e  i n  b u t a n o l - s o l u b l e  

c y t o k i n i n s .  S t r a t i f i c a t i o n  o f  A cer saccharum  r e s u l t e d  i n  h ig h  l e v e l s  o f  

c y t o k i n i n - l i k e  a c t i v i t y  a f t e r  20 days w h i le  a p p r e c i a b l e  g e r m in a t io n  was 

r e c o rd e d  o n ly  a f t e r  50 days o f  s t r a t i f i c a t i o n  ( s i m i l a r  to  ABA i n  a p p le  - as 

n o ted  e a r l i e r ) ,  w i th  s u b s e q u e n t  d e c r e a s e  i n  c y t o k i n i n - l i k e  a c t i v i t y  when t h e  

s t r a t i f i c a t i o n  p e r io d  was e x te n d e d .

In d e e d ,  i n  most o f  t h e  work n o te d  above , th e  t r a n s i e n t  i n c r e a s e  in  

g i b b e r e l l i n  o r  c y t o k i n i n - l i k e  s u b s ta n c e s  d u r in g  Low T em pera tu re  p r e t r e a t m e n t  

i s  d i f f i c u l t  to  c o r r e l a t e  w i th  t e r m i n a t i o n  o f  dormancy. T hat i s ,  t h e s e  

hormones i n c r e a s e d  and d e c r e a s e d  b e f o r e  any a p p r e c i a b l e  g e r m in a t io n  i s  

o b s e rv e d .  I t  may b e  t h a t  o n ly  t h e  t r a n s i e n t  i n c r e a s e  i s  r e q u i r e d  f o r  th e  

t e r m i n a t i o n  o f  dormancy, and s e n s i t i v i t y  r a t h e r  t h a n  th e  c o n t in u o u s  p r e s e n c e  

o f  t h e s e  hormones th ro u g h o u t  t h e  Low T em pera tu re  p r e t r e a t m e n t  p e r io d  might 

be im p o r ta n t  (Bewley and B la c k ,  1982). Wareing (1982) su g g e s te d  t h a t  t h e  

t r a n s i e n t  i n c r e a s e  in  g i b b e r e l l i n - l i k e  s u b s ta n c e s  m igh t be r e l e a s e d  from bound
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fo rm s ,  t h e r e b y  " p r im in g "  t h e  pathway f o r  g i b b e r e l l i n  b i o s y n t h e s i s  i n  th e  

t i s s u e  o f  t h e  embryo.

In  h a z e l  n u t  (C o ry lu s  a v e l l a n a )  , l i t t l e  o r  no i n c r e a s e  in  g i b b e r e l l i n -  

l i k e  a c t i v i t y  was d e t e c t e d  d u r in g  t h e  Low T a n p e ra tu re  p r e t r e a t m e n t  p e r i o d  

(5°C) which b re a k s  dorm ancy, w h i le  a  s u b s t a n t i a l  i n c r e a s e  o c c u r r e d  when s e e d s  

were t r a n s f e r r e d  t o  h ig h e r  t e m p e r a tu r e s  s u i t a b l e  f o r  g e rm in a t io n  (B radbeer  

e t  a l . , 1978). Thus, Low T e m p era tu re  p r e t r e a t m e n t  i n c r e a s e s  t h e  c a p a c i ty  

o f  t h e  embryo to  s y n t h e s i s e  g i b b e r e l l i n  when se ed s  a r e  t r a n s f e r r e d  to  h i g h e r  

t e m p e r a tu r e .  Also exogenous g i b b e r e l l i c  a c id  (GA_) can s t i m u l a t e  th e
„ Ji"

g e r m in a t io n  o f  n o n - s t r a t i f i e d  dormant h a z e l  s e e d s  (A r ia s  e t  a l . ,  1976),

The dormant embryos o f  F ra x in u s  e x c e l s i o r  can be s t i m u l a t e d  to  g e rm in a te

by a p p l i c a t i o n  o f  exogenous g i b b e r e l l i c  a c i d  (GA^); n o n e th e l e s s ,  th e  s tu n t i n g  

o r  dw arfism  o f  s e e d l i n g s  grown from n o n - s t r a t i f i e d  embryos i s  n o t  removed by 

exogenous GA^, i n  c o n t r a s t  to  s t r a t i f i e d  em bryos. I t  im p l ie s  t h a t  th e  mode 

o f  a c t i o n  o f  GA  ̂ and s t r a t i f i c a t i o n  m ight d i f f e r  ( V i l l i e r s  and W areing, 1960 ) .

The r o l e  o f  e x t e r n a l  a p p l i c a t i o n  o f  i n h i b i t o r s  and p ro m o te r s ,  and t h e i r  

in v o lv em en t  d u r in g  th e  Low T em pera tu re  p r e t r e a t m e n t  p e r i o d ,  have been  

e x t e n s i v e l y  documented and rev iew ed  by a u th o r s  l i k e  Bewley and  Black (1982); 

Black (1 9 8 0 /8 1 ) ;  Khan (1980 /81 , 1982); T a y lo rs o n  and H e n d r ic k s  (1977);  

Trewavas (1982); W alton (1980/81) and W areing (1982 ).  These a u th o r s  q u e s t i o n  

i f  r e d u c t i o n  in  a b s c i s i c  a c id  (ABA), i n c r e a s e  in  g i b b e r e l l i n  o r  c y to k i n in  i s  

n e c e s s a r y  o r  s u f f i c i e n t  enough to  b re a k  dormancy. Trewavas s u g g e s te d  t h a t  

i t  i s  t h e  s e n s i t i v i t y  o f  th e  r e c e p t o r  s i t e  which m igh t  change w i th  deve lopm en t, 

r a t h e r  t h a n  th e  c o n c e n t r a t i o n  o f  g row th  hormones.

B: In o rg a n ic  Chem icals

P o ta ss iu m  n i t r a t e  (KNO^) h a s  been d e m o n s t ra te d  to  b rea k  dormancy in

s e v e r a l  weed seeds  ( S te in b a u e r  and G r ig sb y ,  1 9 5 7 a ) . Some o t h e r  n i t r o g e n -  

c o n ta in in g  compounds, e .g .  n i t r a t e s ,  c y a n id e s  (KCN), a z id e s  (KN^), h y d ro ­

xy lam ine  (Nl^OH) and t h io u r e a  (CS(N H g)^ s t i m u la t e d  g e rm in a t io n  in  s e e d s  o f
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pigweed (Amaranthus a lb u s )  and l e t t u c e  seed  ( L ac tuca  s a t i v a )  (H endricks  and 

T a y lo r s o n ,  1972, 1974, 1975). These c h e m ic a ls  have  a l s o  been  r e p o r t e d  to  

p rom ote  g e rm in a t io n  in  b a r l e y  and  r i c e  ( R o b e r t s ,  1969, 197 3 ) ,  w h i le  in  

P h a l a r i s  a r u n d i n a c e a , t h e  s t i m u l a t i o n  o f  g e rm in a t io n  by c y a n id e ,  a z id e ,  

n i t r a t e  and hydrogen  p e r o x id e  o c c u r r e d  o n ly  i n  l i g h t  ( J u n t t i l a  and N i l s e n ,

1980). I t  has been s p e c u l a t e d  t h a t  t h e s e  c h e m ic a ls  f u n c t i o n  by i r r e v e r s i b l e  

i n h i b i t i o n  o f  c a t a l a s e  a c t i v i t y ,  t h u s  s p a r in g  hydrogen  p e r o x i d e ,  which i s  

o x id i s e d  by  p e r o x id a s e  a c t i o n  and hen ce  p rom o ting  p e n to s e  p h o s p h a te  (PP) 

pathw ay by making a v a i l a b l e  NADP (H e n d ric k s  and T a y lo r s o n ,  1972, 1974, 1975). 

They f u r t h e r  s u g g e s te d  t h a t  n i t r a t e  f u n c t i o n s  by b e in g  re d u c e d  to  n i t r i t e  or 

hydroxy la ra ine  (n o t  ammonium io n s )  and t h a t  th e  h y d ro x y lam in e  io n s  formed 

m ig h t  be  co u p le d  t o  a r e s p i r a t o r y  c h a in  which p rom otes  g e rm in a t io n  th ro u g h  

c y a n i d e - r e s i s t a n t  r e s p i r a t o r y  a c t i v i t y  ( a l t e r n a t e  p a t h ) .

E s a s h i  e t  al^. (1979) o b s e rv e d  t h a t  s t i m u l a t i o n  o f  g e r m in a t io n  and 

i n h i b i t i o n  o f  c a t a l a s e  i n  non-dorm an t u p p e r  s e ed s  o f  c o c k le b u r  (Xanthium 

p e n n sy lv a n icu m ) depended v e r y  much on i m b i b i t i o n .  In  un im bibed  (d ry )  se ed s  

n i t r a t e s ,  n i t r i t e s ,  h y d ro x y la m in e ,  c y a n id e ,  a z id e  i n h i b i t e d  c a t a l a s e  a c t i v i t y ,  

and w h i le  o t h e r  c h e m ic a ls  a l s o  s t i m u l a t e d  g e r m in a t io n ,  n i t r a t e  and  n i t r i t e s  

d id  n o t .  However, i n  seeds  soaked f o r  7 d a y s ,  c a t a l a s e  i n h i b i t i o n  by t h e s e

c h e m ic a l s ,  ex c ep t  sodium a z i d e ,  was n o t  o b s e rv e d ,  a l t h o u g h  s e e d s  were s t i l l

r e s p o n s i v e  to  g e rm in a t io n .  They r e j e c t e d  th e  h y p o t h e s i s  t h a t  t h e s e  c h e m ic a ls  

promoted g e rm in a t io n  by i n h i b i t i n g  c a t a l a s e  a c t i o n  on th e  f o l l o w in g  g ro u n d s .  

That p o ta s s iu m  n i t r a t e ,  and n i t r i t e  i n h i b i t e d  c a t a l a s e  a c t i v i t y  b u t  were 

i n e f f e c t i v e  in  s t i m u l a t i n g  g e rm in a t io n .

S econd ly ,  t h i o u r e a  and hydroxy lam ine  d id  n o t  i n h i b i t  c a t a l a s e  a c t i o n  in  

se ed s  p re so a k e d  f o r  7 d a y s ,  and l a s t l y  t h a t  c a t a l a s e  a c t i v i t y  i s  much h ig h e r  

i n  t h e  low er c o c k le b u r  seeds  which have  a h ig h e r  g e rm in a t io n  p o t e n t i a l  th a n

in  t h e  u p p e r  o n e s .

R o b e r ts  (1969, 1973) p o s t u l a t e d  t h a t  dormancy b re a k in g  i s  a s s o c i a t e d  w ith  

th e  o p e r a t i o n  o f  th e  p e n to s e  p h o s p h a te  (PP) pa thw ay , and in  dorm ant seeds  t h i s  

i s  r e s t r i c t e d .  He a l s o  s p e c u l a t e d  t h a t  any t r e a tm e n t  t h a t  i n c r e a s e s  oxygen
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t e n s i o n  l i k e  rem oval o r  p u n c tu r in g  o f  s e e d  c o v e r in g s  l e a d s  to  g e rm in a t io n  

by a l l o w in g  t h e  PP t o  o p e r a t e .  A d e c r e a s e  o f  th e  oxygen r e q u i r e m e n t  o f  th e  

cy tochrom e o x id a s e  pathw ay by i n h i b i t o r s  o f  cytochrom e o x id a s e  (KCN, NaN , 

NH^OH and CO) would be e x p e c te d  t o  b rea k  dormancy and s t i m u l a t e  g e rm in a t io n  

th ro u g h  th e  PP p a th w a y .  J u n t t i l a  and N i l s e n  (1980) n o te d  t h a t  r e s p i r a t o r y  

i n t e n s i t y  i s  n o t  c o r r e l a t e d  w i th  g e r m in a t io n  in  P h a l a r i s  a r u n d i n a c e a .

An a l t e r n a t e  p a th  ( s e n s i t i v e  t o  hydroxam ic a c id s  b u t  i n s e n s i t i v e  to  

c y a n id e s )  may b e  in v o lv e d  i n  r e g u l a t i o n  o f  seed  dormancy in  c o c k le b u r  se ed s  

(E s a s h i  e t  a l . ,  1979, 198 1 ) ,  i n  w i ld  o a t s  (Upadhyaya e t  a l . ,  1982) .  The 

a l t e r n a t e  p a th  h as  been  s u g g e s te d  to  be p redom inan t  d u r in g  th e  e a r l y  p h a se  

o f  r e s p i r a t i o n  fo l lo w e d  by t h e  c y a n i d e - s e n s i t i v e  pa thw ay , e . g .  in  b a r l e y  

( R o b e r t s ,  1969, 1973 ) ,  in  c o c k le b u r  s e e d s  (E sa sh i  ^  , 1981) .  However,

B u r g u i l l o  and N ic o lé s  (1977) r e p o r t e d  t h a t  in  c h ic k  p e a ,  i n i t i a l  r e s p i r a t i o n  

i s  th ro u g h  th e  c y a n i d e - s e n s i t i v e  pathway and, a f t e r  12h, a s h i f t  to  a l t e r n a t e  

r e s p i r a t i o n  o c c u r s .  In  Avena f a t u a , Upadhyaya e t  a l . (1981) r e p o r t e d  t h a t  

seed  dormancy ca n n o t  be a t t r i b u t e d  to  d i f f e r e n t  l e v e l s  o f  deh y d ro g en ase  f o r  

t h e  PP and c y a n i d e - s e n s i t i v e  pa thw ay , and GA  ̂ d id  n o t  i n c r e a s e  d ehyd rogenase  

l e v e l s  in  embryo p r i o r  t o  t h e  o n s e t  o f  dormancy in  dorm ant l i n e .  A lso ,  

Upadhyaya e t  a l .  (1982) o b s e rv e d  t h a t  SHAM (an i n h i b i t o r  o f  a l t e r n a t e  p a th )  

i s  n e c e s s a r y  f o r  t h e  s t i m u l a t i o n  o f  g e rm in a t io n  in  t h e  p r e s e n c e  o f  a z id e  b u t  

n o t  in  t h e  g e rm in a t io n  o f  g e n e t i c a l l y  non -do rm an t,  g i b b e r e l l i c  a c i d - t r e a t e d  

dorm ant o r  a f t e r - r i p e n e d  s e e d s .

The s t i m u l a t o r y  e f f e c t  o f  t h e s e  c h e m ic a ls  i s  n o t  u n i v e r s a l .  Khan 

(1980 /81 )  o b se rv e d  t h a t  c y a n id e  has  l i t t l e  o r  no e f f e c t  in  rem oving th e  

p r im a ry  dormancy i n  c e l e r y  (Apium g r a v e o l e n s ) ,  Chenopodium b o n u s - h e n r i c u s , 

and Chenopodium a lbum , o r  even  s c a r i f i e d  s e e d s  o f  Rumex

I



P l a t e  3

Photograph  o f  se ed  c l e a n e r  and b low er  used  

to p r e p a r e  achenes f o r  e x p e r im e n ta l  u s e .
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CHAPTER 2 

GENERAL MATERIALS AND METHODS

HARVESTING AND PREPARATION OF ACHENES

The a c h en e s  o f  Polygonum p e r s i c a r i a  were h a rv e s te d  by hand d u r in g  th e  

p e r i o d  o f  S e p tem b e r/O c to b er  as th e  f r u i t  r ip e n e d .  The p l a n t s  were removed 

from  th e  f i e l d ,  w i th  o r  w i th o u t  t h e  r o o t s  a t t a c h e d ,  and l e f t  e i t h e r  i n  th e  

l a b o r a t o r y  o r  g la s s h o u s e  t o  d ry  f o r  abou t one o r  two weeks. F r u i t s  were 

removed from t h e  d r i e d  s t a l k s  by g e n t l e  hand r u b b in g .  The m atu re  achenes  

were s e p a r a te d  from th e  d e t r i t u s  and immature o r  dead ach en es  u s in g  an a i r -  

d r a u g h t  m ethod. Th is  p r o c e s s  i s  c a r r i e d  o u t  i n  d ry  c o n d i t i o n s  which 

e nsu red  t h a t  t h e  o r i g i n a l  c h a r a c t e r s  o f  t h e  ach en es  h a r v e s t e d  from th e  f i e l d  

a r e  m a in ta in e d .  The seed  b low er o r  c l e a n e r  ( p l a t e  3 ) c o n s i s t s  o f  a 

c y l i n d r i c a l  j a r  w i th  a s e r i e s  o f  e q u a l ly  spaced  h o l e s  a t  th e  bo ttom  and to p ,  

and " s p i r a l  s t e p s "  a t  t h e  s i d e s .  I t  i s  f i t t e d  i n t o  a ho l low  head co n n e c te d  

t o  a b low er w i th  r e g u l a t i o n  o f  a i r  f lo w .  The m a t e r i a l  i s  e v e n ly  s p re a d  on 

th e  lower g r i d ,  and th e  to p  o f  th e  c y l i n d e r  i s  covered  by hand when th e  a i r  

b low er  i s  s w itc h e d  on. The a i r  f lo w  up t h e  c y l i n d e r  i s  m odula ted  by 

removing and r e p l a c i n g  t h e  hand t o  g e n e r a t e  a " f o u n t a in "  e f f e c t  which c a r r i e s  

t h e  l i g h t  m a t e r i a l s  to  t h e  g r e a t e s t  h e ig h t  a long  th e  c y l i n d e r .  When i t  f a l l s  

back  t h e  d e b r i s  is  h e ld  i n  t h e  p o c k e ts  made by t h e  v a n e s .  The d e t r i t u s  i s  

th row n away and th e  p r o c e d u re  r e p e a t e d  s e v e r a l  t im es  u n t i l  a l l  t h e  d e t r i t u s  

has  been  removed and t h e  m atu re  a c h e n e s  c o l l e c t e d .  I t  i s  s u b je c t e d  to  

f u r t h e r  s e p a r a t i o n  and c le a n in g  by s i e v i n g  i n  sm a l l  q u a n t i t i e s  to  make su re  

t h a t  n e a r l y  a l l  th e  d e t r i t u s ,  imm ature and dead  achenes  have been removed.

The ach en es  a r e  th e n  s t o r e d  d r y  i n  a  g l a s s  j a r  i n  a d e e p - f r e e z e  a t  -20*C, and 

removed a s  r e q u i r e d  f o r  f u t u r e  e x p e r im e n ts .

Achenes w ere  h a r v e s t e d  a t  t h e  Gars cube R e sea rch  L a b o r a t o r i e s ’ Gardens 

o f  t h e  Botany D epa r tm en t ,  U n i v e r s i t y  o f  Glasgow.
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VIABILITY TESTS

These  t e s t s  w ere  c a r r i e d  o u t  by two d i f f e r e n t  t e s t  m e th o d s ,  namely:

1) T é t r a z o l iu m  T e s t  Method: The t é t r a z o l i u m  t e s t  m ethod , a s  d e v e lo p e d  by 

Lakon (1 9 4 9 ) ,  was u s e d .  T h is  t e s t  does  n o t  t e s t  f o r  a c t u a l  g e r m in a t io n  b u t  

t e s t s  f o r  d eh y d ro g en ase  a c t i v i t y .  I t  i s  a  s im p le  m ethod, and r e s u l t s  a r e  

o b t a in e d  w i t h i n  24h. C o t t r e l l  (1947, 1948) r e p o r t e d  t h a t  t h e  r e s u l t s  o b ta in e d  

by t h i s  t e s t  c o r r e l a t e d  w e l l  w i th  a c t u a l  g e rm in a t io n .  D ehydrogenases  re d u c e  

th e  c o l o u r l e s s  t é t r a z o l i u m  s a l t  t o  a  r e d - c o lo u r e d  s u b s ta n c e  known a s  form azan  

in  a c t i v e  l i v i n g  t i s s u e  i n  c o n t r a s t  to  u n s t a i n e d  dead  t i s s u e s .  The t e s t  i s  

c a r r i e d  o u t  in  d a rk n e s s  b e c au se  t h e  farm azan  i s  b le a c h e d  by l i g h t .  The method 

u se d  i s  d e s c r ib e d  below,

Achenes w ere  soaked  i n  w a te r  f o r  24h i n  th e  d a rk  a t  20°C, s p l i t  l o n g i t u d ­

i n a l l y  th ro u g h  t h e  embryo and soaked  in  1 p e r c e n t  s o l u t i o n  o f  2 ,3 ,5 - T r ip h e n y b

t é t r a z o l i u m  c h l o r i d e  (TTC), th e n  l e f t  f o r  2h i n  t h e  d a rk .  The embryonic r e g i o n  

was t h e n  examined f o r  a c c u m u la t io n  o f  fo rm azan , by n o t in g  th e  amount o f  r e d  

c o lo u r .

2) D i r e c t  G erm in a t io n  T e s t  by T ip  Removal from A chenes : The t i p s  o f  d ry

achenes  were c u t  o f f  u s in g  a s c a l p e l ,  and g e rm in a t io n  t e s t e d  i n  d i s t i l l e d  w a te r  

a t  20°C d a rk .  G e rm in a t io n  c o u n t  was r e c o r d e d  a f t e r  72 h o u r s .

LIGHT SOURCES

W hite l i g h t  o r  Red (R) and Far  r e d  (FR) were g iv e n  a s  d e s c r ib e d  below.

W hite  L i g h t : - W hite l i g h t  i n  t h e  i n c u b a t o r  was o b ta in e d  from 5 f l u o r e s c e n t  

tu b e s  ( S t e l l a  MCF/U8W, Warm W hite , made in  H o l l a n d ) ,  w i th  each t u b e  m easu r ing  

26.6cm i n  l e n g t h  by 1.4cm i n  w id th .  The tu b e s  were a t t a c h e d  v e r t i c a l l y ,  and 

l i n i n g  t h e  i n s i d e  door o f  t h e  i n c u b a t o r ,  g iv in g  an i r r a d i a t i o n  o f  220lWcm”^. 

The low er i r r a d i a n c e  u sed  i . e .  3 tu b e s  i n s t e a d  o f  5 gave an i r r a d i a n c e  

o f  ISOyWcm “



34

Red (R) and P a r  r e d  (FR) I r r a d i a t i o n : -  Red and Par  r e d  i r r a d i a t i o n  was 

c a r r i e d  o u t  u s in g  a l i g h t  s o u rc e  b a sed  on a s t a n d a r d  s l i d e  p r o j e c t o r .  The 

lamp was 150W 24V t u n g s t e n  h a lo g e n  and th e  l i g h t  e m i t te d  was f i l t e r e d  th ro u g h  

i n t e r f e r e n c e  f i l t e r s  (narrow  and w ide  band) m a n u fa c tu red  by B a r r  and S t ro u d ,  

A n n ie s la n d ,  Glasgow, w i th  s e c o n d a ry  and unwanted t r a n s m i s s i o n s  b lo ck e d  by 

o p t i c a l  f i l t e r s .  The r a d i a t i o n  e m i t t e d  by t h i s  i r r a d i a t o r  was p a s s e d  th ro u g h  

a 20cm tu b e  f i l l e d  w i th  w a t e r ,  which a c te d  as  a  l i g h t  g u id e  and i n f r a - r e d  

f i l t e r .  The R l i g h t  t r a n s m i s s i o n  peaked  a t  660 nm and peak  w id th  a t  h a l f  

h e i g h t  was 10 nm, w h i le  i n  FR l i g h t  a t  730 nm and th e  peak w id th  a t  h a l f  

h e ig h t  was 8 nm. R a d i a t i o n  i n c i d e n t  on th e  achenes  was m easured by b o th  a 

com pensated th e r m o p i le  (Kipp and Zonen, H e l f t ,  H o lland )  and a 4 Ox o p to m e te r  

( U n i te d  D e t e c t o r  Technology I n c . ,  S a n ta  M onica, C a l i f o r n i a ) .  The R gave an 

i r r a d i a t i o n  o f  660 nmol m ^s   ̂ w h i l e  FR gave an  i r r a d i a t i o n  o f  12 pmol m ^ . 

In  o r d e r  t o  e n s u re  u n i f o r m i ty  o f  d o s e ,  and  to  com pensate  f o r  p o s s i b l e  

v a r i a t i o n s  o f  f l u x  d e n s i t y ,  t h e  p e t r i  d i s h e s  w ere  r o t a t e d  on a t u r n t a b l e  a t  

16^^3 r . p . m .  ( B e r r i e  and T a y lo r ,  1981).

SOLUTIONS:

The s o l u t i o n s  w ere  made up a s  d e s c r ib e d  be low . The c h e m ic a ls  u sed  were 

"ANALAR" w here p o s s i b l e ,  o th e r w is e  G.L .R . w ere  used  w i th o u t  f u r t h e r  p u r i f i c a ­

t i o n .  The r e q u i r e d  w e ig h t  was d i s s o l v e d  in  a sm a l l  amount o f  d i s t i l l e d  w a te r ,  

u s in g  h e a t  i f  n e c e s s a r y ,  and t h e n  made to  volume by ad d in g  d i s t i l l e d  w a te r .  

S ta n d a rd  l a b o r a t o r y  g la s s w a re  was u s e d .  The s o l u t i o n s  were t h e n  s t o r e d  in  

a  r e f r i g e r a t o r  and s u b s e q u e n t ly  removed f o r  u s e .

LOW TEMPERATURE PRETREATMENT (CHILLING OR STRATIFICATION)

Low ̂ T em pera tu re  t r e a tm e n t  was c a r r i e d  o u t  by s o a k in g  a c h en e s  in  d i s t i l l e d  

w a te r  i n  9cm g l a s s  p e t r i  d i s h e s  l i n e d  w ith  one l a y e r  o f  No.3 o r  N o .181 Whatman 

f i l t e r  p a p e r s .  The amount o f  w a te r  added was a d e q u a te  to  a l lo w  a s l i g h t  

r u n - o f f  o f  w a te r  in  t h e  d i s h  th ro u g h o u t  th e  e x p e r im e n ta l  p e r i o d .  D rying



3S

: |
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o f  w a te r  d id  n o t  occur  t h ro u g h o u t  t h e  i n c u b a t io n  p e r io d  a t  t h e  in c u b a t io n  

t o n p e r a t u r e .  The d i s h e s  were c o v e re d  and k ep t  a t  t h e  r e q u i r e d  low 

t e m p e r a tu r e  ( s t a t e d  i n  t h e  r e s u l t s )  f o r  t h e  t r e a tm e n t  p e r io d  in  days o r  weeks

The e x p e r im e n ts  w ere  e i t h e r  c a r r i e d  o u t  w i th  50 achenes  p e r  5cm g l a s s

I
and s u b s e q u e n t ly  removed f o r  e x p e r im e n t s .

I
EXPERIMENTAL CONDITIONS :

p e t r i  d i s h e s  on 4.5cm Whatman No, 3 f i l t e r  p a p e r  o r  100 achenes  p e r  9cm g l a s s  

p e t r i  d i s h e s  on 9cm Whatman g ra d e  181 f i l t e r  p a p e r .  The amount o f  d i s t i l l e d

:

■f

w a te r  o r  s o l u t i o n  added depended  v e ry  much on t h e  e x p e r im e n ts  i n  q u e s t i o n  

( s t a t e d  i n  t h e  r e s u l t s ) ,  and o f  c o u rs e  on  t h e  s i z e  o f  p e t r i  d i s h  u s e d .

The R and FR i r r a d i a t i o n ,  and any o t h e r  m a n ip u la t io n  d u r in g  th e  c o u rs e  

o f  a l l  th e  e x p e r im e n ts ,  were c o n d u c te d  u n d e r  a g reen s5 c ti :e .- l ig h t  p r e v i o u s ly  

shown t o  be p h o to m o r p h o g e n e t ic a l ly  i n a c t i v e  i n  l e t t u c e  se e d  g e r m in a t io n .

Also f o r  w h i te  l i g h t  i l l u m i n a t i o n ,  t h e  c o n t r o l s  ( i . e .  d a rk  t r e a t m e n t s )  and 

f o r  a l l  o th e r  t r e a t m e n t s ,  t h e  d i s h e s  were e n c lo s e d  in  c y l i n d r i c a l  l i g h t  t i g h t  

c an s  o r  c ove red  w i th  d o u b le  a lum inium  f o i l  to  e x c lu d e  l i g h t .  For l i g h t
,

t r e a t m e n t s ,  d i s h e s  were exposed  to  l i g h t  o n ly  when n eed ed .  T re a tm e n ts  were

e i t h e r  r e p l i c a t e d  tw ic e  o r  t h r i c e  ( s t a t e d  i n  t h e  r e s u l t s ) . G e rm in a t io n  was

a l s o  r e c o r d e d  u n d e r  a  g r e e n  s a f e - l i g h t  i n  t h e  d a rk  room.

The d i s h e s  were in c u b a te d  a t  t h e  r e q u i r e d  te m p e ra tu re  ±1°C, i n  in c u b a to r s  

The in c u b a to r s  w ere  checked  d a i l y  to  e n s u re  t h a t  t h e  r e q u i r e d  t e m p e ra tu re  was 

m a in ta in e d .  G e rm in a t io n  was r e c o r d e d  a f t e r  10-21 days ( i n d i c a t e d  in  th e  

r e s u l t s ) ,  b u t  v a r i e d  w i th  t h e  ty p e  o f  e x p e r im e n t .  G e rm in a t io n  i s  c o n s id e r e d  

t o  have  t a k e n  p l a c e  when th e  r a d i c l e  p r o t r u d e s  t o  abou t  2mm.

STATISTICS:

The r e s u l t s  i n v o lv in g  one t r e a t m e n t ,  b u t  w i th  many f a c t o r s  in v o lv e d ,  e . g .  

v a ry in g  d u r in g  c o u rs e  o f  i m b i b i t i o n  a t  40°C i n  h o u r s ,  were a n a ly s e d  by one 

f a c t o r  a n a l y s i s  o f  v a r i a n c e .  And f o r  com parison  o f  a s i m i l a r  t r e a t m e n t ,  bu t
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i n v o lv in g  two d i f f e r e n t  t r e a tm e n t s  l i k e  l i g h t  v s  d a r k ,  two f a c t o r  a n a l y s i s  

o f  v a r i a n c e  was u se d .  When such  t r e a tm e n t s  in v o lv e d  t e m p e r a tu r e ,  l i g h t ,  

d u r a t i o n  a t  35°C, t h r e e  f a c t o r  a n a l y s i s  o f  v a r i a n c e  was u s e d .  B efore  t h e  

a n a l y s e s ,  t h e  mean v a lu e  ( p e r c e n ta g e )  o f  each  r e p l i c a t e  was t ra n s fo rm e d  i n t o  

a n g u la r  v a lu e s  and used  f o r  t h e  c a l c u l a t i o n s  ( F i s h e r  and Y a te s ,  1963).

For com parison  be tw een  two t r e a tm e n t s  w i th  o n ly  one f a c t o r  in v o lv e d ,  a

2 2 c o n t in g e n c y  c h i  sq u a re d  (x  ) t e s t  was u s e d .  The y v a lu e  was d e te rm in e d

t a k i n g  a c c o u n t  o f  t h e  sm a l l  number o f  c o r r e c t i o n s .
2

The s i g n i f i c a n c e  o f  t h e  c a l c u l a t e d  F o r  % v a lu e s  was d e te rm in e d  a t  

5 , 1 and 0 .1  p e r c e n t  l e v e l  ( F i s h e r  and Y a te s ,  1963) .
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CHAPTER 3

THE EFFECT OF PHYSICAL AND CHEMICAL TREATMENTS ON GERMINATION

INTRODUCTION 

P h y s i c a l  T re a tm e n ts

The achenes  o f  Polygonum p e r s i c a r i a  have a b l a c k  s h in y  p e r i c a r p .  The 

w e igh t  o f  one achene  a v e ra g e s  a p p ro x im a te ly  2 .7 0  mg o f  w hich  a b o u t  1 .025  mg 

i s  p e r i c a r p  (40 p e r c e n t  o f  t h e  f r e s h  w e i g h t ) .  The r o l e  o f  t h e  p e r i c a r p  

i n  m a in ta in in g  dormancy and  c o n t r o l l i n g  g e r m in a t io n  c a n n o t  be  n e g le c t e d  in  

t h i s  s p e c i e s .

In  Polygonum s p e c i e s ,  i t  has been  r e p o r t e d  t h a t  t h e  p e r i c a r p  i s  a 

b a r r i e r  to  g e rm in a t io n  ( D a lc i ,  1975; Ransom, 1 9 3 5 ) .  T re a tm e n ts  such  as 

p r i c k i n g  t h e  a chenes  and e x p o su re  t o  s u l p h u r i c  a c i d  o r  a c e to n e  enhanced  th e  

g e r m in a t io n  o f  P. p e r s i c a r i a  (Tim son, 1965) .  However, S t a n i f o r t h  and 

Cavers (1979b) s t a t e d  t h a t  in  s p e c i e s  o f  Polygonum, i n c l u d i n g  P. p e r s i c a r i a , 

s c a r i f i c a t i o n  e i t h e r  by s u l p h u r i c  a c id  o r  a b r a s i o n  w i th  s a n d p a p e r  has  no 

e f f e c t  on t h e  g e r m in a t io n  o f  u n c h i l l e d  i n t a c t  a c h e n e s .  J u s t i c e  (1941) 

r e p o r t e d  t h a t  s c a r i f i e d  achenes  d id  n o t  g e rm in a te ,  b u t  so a k in g  i n  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  a l low ed  c h i l l e d  a c h en e s  to  g e rm in a te  though  u n c h i l l e d  a c h en e s  

were u n a f f e c t e d  by  a c id  s c a r i f i c a t i o n .  A lth o u g h  some s p e c i e s  r e s p o n d e d  to  

s c a r i f i c a t i o n  and  h o t  w a te r  s o a k in g .  Holm and M i l l e r  (1972) n o te d  t h a t  

P. pen n sy lv an icu m  d i d  n o t  g e rm in a te  when so t r e a t e d .

These s c a r i f i c a t i o n  t r e a tm e n t s  do n o t  o c c u r  n a t u r a l l y ,  b u t  th ey  may be 

l i n k e d  t o  some e f f e c t s  o f  n a t u r a l  e n v iro n m e n ts .  S o i l  a b r a s i o n  m igh t  a c t  on 

t h e  se ed  c o v e r in g s  in  t h e  same way as  rem oval o f  t h e  t i p  o f  t h e  ac h en e s  o r  

p r i c k i n g .  D e g e n e ra t io n  o f  th e  c o a t s  ( p e r i c a r p )  cou ld  be  e f f e c t e d  by b a c t e r i a  

and f u n g i  in  th e  s o i l ;  a l s o  th e  a chenes  a r e  e a te n  and d i s p e r s e d  by a n im a ls ,  

e . g .  c o t t o n  t a i l  r a b b i t s  ( S t a n i f o r t h  and C a v e rs ,  1977) and  b i r d s .  I t  seems

l i k e l y  t h a t  t h e  n a t u r e  o f  t h e  p e r i c a r p  m igh t be a l t e r e d  due to  t h e  "m e c h a n ic a l"  

a c t i o n  o f  t h e  b i r d ' s ' c r o p  a n d /o r  t h e  enzym atic  a c t i v i t i e s  in  t h e  g u t .  T h is
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c o u ld  remove any p h y s i c a l  c o n s t r a i n t  t h a t  t h e  p e r i c a r p  m ig h t  impose and 

g e r m in a t io n  m ig h t  be enhanced  when ac h en e s  a r e  e x c r e t e d  in  an  en v iro n m en t 

c o n d u c iv e  t o  g e r m in a t io n .  The e f f e c t  o f  s u l p h u r i c  a c id  s c a r i f i c a t i o n  

m ight be  compared w i th  t h e  a c t i o n  o f  m ic ro -o rg a n ism s  i n  t h e  g u t  o r  s o i l .

Chem ical T re a tm e n ts

The e f f e c t s  o f  c h e m ic a ls  l i k e  P o ta ss ium  n i t r a t e  (KNO^), P o ta ss ium  n i t r i t e  

(KNO^), Hydroxylam ine h y d r o c h l o r id e  (NH^CIOH), T h io u re a  (CS(NH2 ) 2 )> Sodium 

a z id e  (NaN^), Sodium c y a n id e  (NaCN), and Hydrogen p e r o x id e  (^ 2 ^ 2  ̂ t h e  

r e g u l a t i o n  o f  dormancy and g e r m in a t io n  o f  achenes  have  n o t  been  e x t e n s i v e l y  

s t u d i e d .  A ttem pts  w ere  made to  se e  i f  t h e s e  c h e m ic a ls  b re a k  t h e  dormancy o f  

i n t a c t  u n c h i l l e d  a c h e n e s .  The p o s s i b l e  mechanisms o f  a c t i o n s  o f  t h e s e  

c h e m ic a ls  have  been  d i s c u s s e d  in  t h e  G en e ra l  I n t r o d u c t i o n  (page 2 9 ) .

Water A b s o rp t io n

J u s t i c e  (1941) o b s e rv e d  t h a t  i n  Polygonum s p e c i e s ,  t h e  p e r i c a r p  was n o t  

a b a r r i e r  t o  w a te r  e n t r y ,  n o n e th e l e s s  i t  m igh t r e d u c e  th e  r a t e  o f  w a te r  u p ta k e ,  

The a b s o r p t i o n  o f  w a te r  was a l s o  d e te rm in e d  h e r e .

Gaseous Uptake

Ransom (1935) r e p o r t e d  i n  P o ly g o n aceae  t h a t  th e  r a t e  o f  r e s p i r a t i o n  in  

t h e  ach en es  w i th  p e r i c a r p  removed i s  h i g h e r  th a n  i n  i n t a c t  a c h e n e s .  He 

p o s t u l a t e d  t h a t  t h e r e  was a g r e a t e r  oxygen a v a i l a b i l i t y .  S to ra g e  in  c e r t a i n  

oxygen and c a rb o n  d i o x id e  a tm o sp h e re s  enhanced g e rm in a t io n  i n  o t h e r  Polygonum 

s p e c i e s ,  w i th  t h e  e x c e p t io n  o f  P. p e r s i c a r i a . The e f f e c t s  o f  d i f f e r e n t  0^ 

and COg a tm o sp h e res  were i n v e s t i g a t e d  f o r  P. p e r s i c a r i a .
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MATERIALS AND METHODS 

Achenes

The achenes  u sed  f o r  t h e  e x p e r im e n ts  were h a r v e s t e d ,  c le a n e d  and s t o r e d  

as d e s c r i b e d  on page 32.

S u r g ic a l  T rea tm en ts

The p e r i c a r p  was c a r e f u l l y  removed by hand u s in g  a r a z o r  b l a d e ,  l e a v in g  

th e  se ed  c o a t ,  endosperm and th e  embryo i n t a c t  ( th e  p o s s i b i l i t y  o f  wounding 

th e  seed  du r ing  th e  c o u rs e  o f  p e r i c a r p  removal was n o t  r u l e d  o u t ) .  Each 

g e rm in a t io n  t r e a tm e n t  was c o n f in e d  t o  one r e p l i c a t e  o f  50 s e e d s  (ach en es  

w ith  t h e  p e r i c a r p  rem oved, b e c au se  o f  t h e  p rob lem s a s s o c i a t e d  w i th  d i s s e c t i o n ) .  

G e rm in a t io n  t e s t s  were c a r r i e d  o u t  w i t h  t h e  se e d s ;  s e e d s  in c u b a te d  w i th  

p e r i c a r p  a t  th e  r a t i o  o f  1 s e ed  t o  2 mg p e r i c a r p  a t  2Œ o r  35°C in  t h e  d a r k .

G e rm in a t io n  t e s t s  were a l s o  c a r r i e d  o u t  w i th  a c h en e s  whose t i p s  had 

been  c h ip p e d  o f f  o r  p u n c tu r e d .  A lso  v i a b i l i t y  t e s t  was examined by th e  

t é t r a z o l i u m  c h l o r i d e  t e s t  m ethod.

Water A b s o rp t io n

Water a b s o r p t io n  o f  t h e  i n t a c t  a c h e n e s ,  and a c h en e s  t h a t  had  t h e i r  t i p s  

c u t  o f f ,  was d e te rm in e d  as  d e s c r i b e d  below. Any d i r t  on th e  s u r f a c e  o f  t h e  

a c h en e s  was i n i t i a l l y  removed w i th  t i s s u e  p a p e r .  The i n i t i a l  f r e s h  w e ig h ts  

o f  b a tc h e s  o f  50 a c h en e s  were d e te rm in e d .  The achen es  were th e n  p la c e d  in 

a 5cm g l a s s  p e t r i  d i s h  l i n e d  w i th  4 .2 5  cm Whatman No. 3 f i l t e r  p a p e r , The 

oven dry  w e ig h ts  o f  one b a tc h  o f  each  t r e a tm e n t  w ere  d e te rm in e d  a t  80°C a f t e r  

p e r i o d s  o f  24h, 48h and 72h to  g iv e  a c o n s t a n t  w e ig h t .  5m1 o f  d i s t i l l e d  

w a te r  was added to  o t h e r  f r e s h  b a tc h e s  and  in c u b a te d  i n d i v i d u a l l y  f o r  1 , 4 ,

8, 16, 24, 36 and 48h a t  20°C i n  th e  d a rk .  A f t e r  t h e  d e s i r e d  t im e  a t  20°C, 

d i s h e s  were removed and w a te r  a d h e r in g  on th e  s u r f a c e  o f  t h e  achenes  was g e n t l y  

b l o t t e d  o f f  w i th  t i s s u e  p a p e r  and th e  w e ig h t  s u b s e q u e n t ly  d e te rm in e d .  The



«cri
40

e x p e r im e n ts  were c a r r i e d  o u t  u n d e r  l a b o r a t o r y  c o n d i t i o n s .

P e r c e n ta g e  m o is tu r e  c o n te n t  was c a l c u l a t e d  a s  

F re sh  w e ig h t  = g

Oven d ry  w e ig h t  = X^ g

P e rc e n ta g e  m o i s t u r e  c o n te n t  = 1  2 x 100 = A.

b

The w a te r  u p ta k e  a f t e r  a s p e c i f i c  p e r io d  o f  i m b i b i t i o n  was d e te rm in e d  as  

shown below .

I n i t i a l  f r e s h  w e ig h t  = X^ g

W eight a f t e r  a  s p e c i f i e d  p e r i o d  o f  im b i b i t io n  a t  20°C

i n  t h e  d a rk  = X^ g 

C a l c u l a t e d  dry  w e ig h t  = x 1 9° C, m o i s t u r e  p e r c e n ta g e

= XjD

P e rc e n ta g e  w a te r  c o n te n t  = ^4 ^3^ x 100

&

Chem ical T re a tm e n ts

Achenes w ere  soaked  in  t h e  d a rk  a t  20®C f o r  24h i n  e i t h e r  5m1 o f  

d i s t i l l e d  w a te r  o r  i n  d i f f e r e n t  c o n c e n t r a t i o n s  o f  c h e m ic a ls  ( i n d i c a t e d  in  

t h e  r e s u l t s )  i n  a  9cm g l a s s  p e t r i  d i s h  l i n e d  w i th  one 9cm g r a d e  181 Whatman 

f i l t e r  p a p e r .  S u b s e q u e n t ly ,  t h e  a c h en e s  soaked in  w a te r  w ere  g e rm in a te d  in  

c h e m ic a l  t r e a tm e n t s ,  and th o s e  soaked  in  c h a n ic a l  t r e a tm e n t s  were g e rm in a te d  

in  d i s t i l l e d  w a te r .  Achenes were a l s o  t r e a t e d  w i th  c h e m ic a ls  and g e rm in a te d  

a t  35*C i n  t h e  d a rk  im m ed ia te ly  w i th o u t  p r i o r  i m b i b i t i o n  a t  20*C i n  t h e  d a rk .

A f t e r  each  t r e a t m e n t ,  achenes  were d is p e n s e d  i n t o  5cm g l a s s  p e t r i  d i s h e s  

on 4 .2 5  cm Whatman No. 3 f i l t e r  p a p e r  m o is te n e d  w ith  2ml o f  d i s t i l l e d  w a te r  

o r  a p p r o p r i a t e  s o l u t i o n  w i th  SO a c h e n e s  p e r  p e t r i  d i s h  ( t r e a t m e n t s  r e p l i c a t e d  

t h r i c e )  o r  in  a 9cm g l a s s  p e t r i  d i s h  on 9cm g ra d e  181 f i l t e r  p a p e r  m o is te n e d  

w i th  10ml o f  d i s t i l l e d  w a te r  o r  a p p r o p r i a t e  s o l u t i o n  w ith  100 a c h en e s  p e r  p e t r i  

d i s h  and t r e a t m e n t s  r e p l i c a t e d  tw ic e .  A l l  m a n ip u la t io n s  w ere  c a r r i e d  o u t  

u n d e r  t h e  g re e n  s a f e - l i g h t  and g e r m in a t io n  took p l a c e  a t  35*C in  t h e  d a rk .

■ .  ' '  I
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A g e rm in a t io n  c o u n t  was r e c o r d e d  a f t e r  14 days .

E f f e c t  o f  Gaseous Environm ent

The e f f e c t  o f  d i f f e r e n t  g a seo u s  a tm o sp h e re s  was d e te rm in e d .  Gas 

m ix tu r e s  were p r e p a r e d  a s  d e s c r i b e d  be low .

F our r e p l i c a t e s  each o f  50 a c h e n e s  p e r  5cm g l a s s  p e t r i  d i s h  (uncovered )  on 

4.25cm Whatman No. 3 f i l t e r  p a p e r  and m o is te n e d  w i th  2m1 o f  d i s t i l l e d  w a te r  

w ere  p l a c e d  in  t h e  t r a y  o f  t h e  d e s i c c a t o r .  10ml o f  d i s t i l l e d  w a te r  were 

p l a c e d  in  t h e  bo ttom  o f  t h e  d e s i c c a t o r  to  s a t u r a t e  t h e  a tm osphe re  and p r e v e n t  

d r y in g  o u t  o f  t h e  ach en es  in  t h e  p e t r i  d i s h e s .  The d e s i c c a t o r  was th e n  

j o i n e d  to  a g l a s s  m a n i fo ld  w i th  r u b b e r  t u b in g  which was f i n a l l y  f i t t e d  to  a 

m ercu ry  m anom eter. The g l a s s  m a n i fo ld  was co n n e c te d  v a r i o u s l y  t o  c y l i n d e r s  

o f  0^ and CO^ was o b ta in e d  frcm su b l im in g  d r y  i c e .  The m a n i fo ld  was 

a l s o  c o n n e c te d  t o  a vacuum pump.

The d e s i r e d  gas  m ix tu r e s  w ere  o b ta in e d  by a l lo w in g  e n t r y  o f  each  

component o f  th e  m ix tu re s  to  t h e  e v a c u a te d  sys tem  a c c o r d in g  t o  th e  manometer 

r e a d i n g .  The whole sy s tem  was purged  tw ic e  w i t h  t h e  m ix tu r e s  t o  e n s u re  

t h a t  t h e  f i n a l  r e c i p e  was a s  s t a t e d .  The d e s i r e d  q u a n t i t y  o f  g a s  m ix tu re s  

was i n t r o d u c e d  as  d e s c r i b e d  by H a r t  and B e r r i e  (1966).

In a l l  c a s e s ,  t h e  ex p e r im e n t  was s e t  up u n d e r  l a b o r a t o r y  c o n d i t i o n s  and 

g e r m in a t io n  to o k  p l a c e  a t  3 0 °and 35°C i n  t h e  d a rk .

RESULTS

V i a b i l i t y  T e s t s

The t é t r a z o l i u m  c h l o r i d e  t e s t  was c a r r i e d  o u t  w i th  100 a c h en e s  as  

d e s c r ib e d  on page 33. The embryonic r e g io n s  o f  a l l  t h e  a c h en e s  t e s t e d  

c o lo u re d  r e d  due to  farm azan  f o r m a t io n ,  i n d i c a t i n g  p o s i t i v e  d eh y d ro g en ase  

a c t i v i t y .

The r e s u l t s  from t h e  t é t r a z o l iu m  c h l o r i d e  t e s t ,  w hich  gave  p o s i t i v e  

d eh y d ro g e n a se  a c t i v i t y ,  and th e  g e r m in a t io n  o f  achenes  w i th  t i p s  c u t  o f f

I
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(T a b le  3 .1 )  w hich  gave a b o u t  80 p e r c e n t  g e rm in a t io n  s u g g e s te d  t h a t  t h e  sam ple  

o f  achenes  u s e d  i n  t h e  s u b seq u e n t  e x p e r im e n ts  had a h ig h  p r o p o r t i o n ,  a b o u t  80 

p e r c e n t ,  w hich  were v i a b l e .

G e rm in a t io n  o f  U n c h i l l e d  I n t a c t  (Whole) and P u n c tu re d  Achenes

G e rm in a t io n  o f  i n t a c t  (w h o le ) ,  u n c h i l l e d  achenes  o c c u r r e d  on ly  a t  35°C 

in  t h e  d a rk  and s i g n i f i c a n t l y  improved (T a b le  3 .2 )  in  t h e  l i g h t .  When t h e  

t i p s  o f  t h o s e  achenes  w hich d i d  n o t  g e rm in a te  u n d e r  t h e  c o n d i t i o n s  t e s t e d  in  

T a b le  3 .2  were c u t  o f f ,  g e r m in a t io n  was e x p re s s e d  a t  20°C i n  d a rk n e s s ,  e x c e p t  

f o r  t h e  a c h en e s  t h a t  had been  h e ld  a t  4 0 °C in  t h e  d a rk .  T h is  i n d i c a t e s  t h a t  

f a i l u r e  o f  t h e  ach en es  to  g e rm in a te  i s  due to  a dorm ant s t a t e .  G e rm in a t io n  

o f  u n c h i l l e d  and i n t a c t  (whole) and p u n c tu r e d  achenes i s  o n ly  e x p re s s e d  w i t h in  

t h e  narrow  ra n g e  o f  ( 35°C ), n o n e th e l e s s  g e rm in a t io n  a t  t h i s  t e m p e r a tu r e  i s

n o t  s u b s t a n t i a l .  At 4 0 °C, t h e  t e m p e r a tu r e  i s  i n j u r i o u s  to  a c h en e s ,  and  th e y

l o s e  v i a b i l i t y .  T h is  t e m p e r a tu r e  m igh t be c o n s id e r e d  l e t h a l  f o r  t h e  g e rm in a ­

t i o n  o f  t h i s  s p e c i e s .

Removal o f  P e r i c a r p

I t  has  been shown t h a t  c u t t i n g  t h e  t i p s  o f  a c h en e s  o f f  ( v i a b i l i t y  t e s t ) ,  

and p u n c tu r in g  enhanced g e r m in a t io n  s i g n i f i c a n t l y  o v e r  t h a t  o f  i n t a c t  achenes  

(T ab le s  3 .1  and 3 . 2 ) .  T h is  m ig h t  s u g g e s t  t h a t  any t r e a tm e n t  t h a t  m ig h t  r e s u l t  

i n  t h e  rem oval o f  t h e  p e r i c a r p  would s t i m u l a t e  g e r m in a t io n .  In d ee d ,  rem oval 

o f  t h e  p e r i c a r p  (T ab le  3 . 3 ) ,  s t i m u l a t e d  g e rm in a t io n  b o th  a t  20°C and  35°C i n  

t h e  d a r k .  G e rm in a t io n  a t  35°C was s i g n i f i c a n t l y  g r e a t e r  o v e r  t h e  20°C t r e a t ­

m ent. The p e r c e n ta g e  g e r m in a t io n  o f  s e e d s  ( i . e .  w i th o u t  p e r i c a r p )  and se ed s

g e rm in a te d  i n  p e r i c a r p  a t  20°C o r  35°C was n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  b u t  was
2

s i g n i f i c a n t  o v e r  t h a t  o f  i n t a c t  achenes  (y  (C h i-sq u a re d )  t e s t ) ,

The above r e s u l t s  a t  l e a s t  s u g g e s t  t h a t  seeds  (w i th o u t  t h e  p e r i c a r p )  a r e  

n o t  dorm ant and t h a t  dormancy i s  a p r o p e r t y  o f  t h e  p e r i c a r p .  The m a in te n a n c e  

o f  t h i s  dormancy c o u ld  be t o  r e s t r a i n  embryo e x p a n s io n ,  p r e v e n t  w a te r  u p ta k e  o r
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T ab le  5 . 1 . The P e rc e n ta g e  G e rm in a t io n  o f  a c h en e s  o f  P. p e r s i c a r i a  L, 
i n  which th e  t i p  was s u r g i c a l l y  rem oved.

G e rm in a t io n P e rc e n ta g e  G e rm in a t io n
T em pera tu re  
( in  t h e  d a rk )

'1'
R e p l i c a t e s Mean T o ta l Comment

20°C 54 60 56 56 .66 3 days ex p o su re

24 20 26 23 .33 T r a n s f e r  to  35°C f o r  a n o th e r
2 days

80 T o ta l  p e r c e n ta g e  g e rm in a t io n

35° 82 88 82 84 3 days  e xposu re

0 2 6 2 .6 6 F u r th e r  2 days  e x posu re

86 .66 T o ta l  p e rc e n ta g e  g e rm in a t io n

50 a c h en e s  in 2m 1 d i s t i l l e d  w a te r

T a b le  5 . 2 . The P e r c e n ta g e  G e rm in a t io n  o f  u n c h i l l e d  w hole  o r  p u n c tu re d  achenes  
o f  P. p e r s i c a r i a .

G e rm in a t io n  sc o re d  a f t e r  14 days

Dark G e rm in a t io n L igh t  G e rm in a t io n

G erm in a t io n
T em p era tu re

P e r c e n ta g e  G erm ina tion  P e r c e n ta g e  G e rm in a t io n  

R e p l i c a t e s _______Mean R e p l i c a te s _____  MeanT re a tm e n t

35°C Whole ( I n t a c t )  36 30 42 23 32 .7

35°C P u n c tu re d  70 65 65 64 66

50 56 52 75 58.25

69 62 69 65 66.25

50 a c h e n e s  i n  4 .25  cm p e t r i  d i s h  i n  2ml o f  d i s t i l l e d  w a te r .

Whole ( I n t a c t )  and P u n c tu re d  achenes  d id  n o t  g e rm in a te  o r  g e rm in a te d  p o o r ly  a t  
10° ,  15° ,  20° ,  and 25°C b o th  i n  t h e  d a rk  and in  t h e  l i g h t .  A ls o ,  g e rm in a t io n  
f a i l e d  to  o c c u r  a t  40°C i n  t h e  d a rk .

S t a t i s t i c a l  T rea tm en t  o f  R e s u l t s : - 

Source y (C h i-s q u a re d
Level o f  
S i g n i f i c a n c e

Dark T r e a t m e n t s : I n t a c t  vs P u n c tu re d  74 .4317 p < 0.001

L ig h t  T re a tm e n ts  : I n t a c t  vs P u n c tu re d  5 .1184  0 .05>p>0.01

I n t a c t  : Dark vs l i g h t  41 .5807  p < 0.001

P u n c tu re d  : Dark vs l i g h t  0 p > 0 ,05

KEY TO LEVEL OF SIGNIFICANCE 

N.S. i n d i c a t e s  Not S i g n i f i c a n t

" S i g n i f i c a n t  a t  1 p e r c e n t  l e v e l

" S i g n i f i c a n t  a t  1 - 0 .1  p e r c e n t  l e v e l

" S i g n i f i c a n t  a t  l e s s  th a n  0,1 p e r c e n t  l e v e l

A

* *

*  *  *

*  A *

N.S,
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T ab le  5 . 5 . The E f f e c t  o f  P e r i c a r p  Removal on th e  G e rm in a t io n  o f  a c h en e s  

o f  P. p e r s i c a r i a . G e rm in a t io n  r e c o rd e d  a f t e r  72h.

T rea tm en t

P e r c e n ta g e  G e rm in a t io n  

20°C (d a rk )  35°C (d a rk )

I n t a c t  achenes  0

Seeds (w i th o u t  p e r i c a r p )  38

T S e e d s  + P e r i c a r p  ( i n  t h e  r a t i o  o f  40
1 seed  to  2mg p e r i c a r p )

50 a c h en e s  o r  s e e d s  p e r  t r e a t m e n t .

2A n a ly s i s  o f  r e s u l t s  : C o n tin g en cy  y ( C h i - s q u a r e d ) .

32

76

70

Source X
Level o f  
S i g n i f i c a n c e

20°C G e rm in a t io n :S e e d s  vs  S e e d s + P e r ic a r p  0 .0210172 p > 0 .05  N.S.

35°C G e r m i n a t i o n : I n t a c t  vs Seeds  37 .2182 p < 0.001 ***

" : I n t a c t  v s  S e e d s + P e r ic a rp  27.391 p < 0.001 ***

" tS eeds  vs S e e d s + P e r ic a rp  0 .634196 p > 0 .0 5  N .S .

Seeds : 20°C vs  35°C 27 .9274 p < 0.001 ***

Seeds + P e r i c a r p  : 20°.Cvs 35°C 16 ,9899  p < 0 ,001 ***

f  In  t h i s  c a s e ,  th e  se ed  (achenes  w i th o u t  t h e  p e r i c a r p ) -  were in c u b a te d  in  ' 

t h e  p r e s e n c e  o f  p e r i c a r p  which were added s e p a r a t e l y  t o  t h e  p e t r i  d i s h  

i n  th e  amount i n d i c a t e d .

:

'

"I

■i
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gaseous  ex c h an g e .  In  t h i s  r e g a r d ,  t h e  e f f e c t  o f  w a te r  u p ta k e  was 

i n v e s t  i g a t e d .

1

W ater U ptake p|

The w a te r  u p t a k e  a t  20°C i n  t h e  d a rk  f o r  i n t a c t  ac h en e s  and th o s e  w i th  

t i p s  c u t  o f f  ( F ig u r e  3 .1 )  was e s s e n t i a l l y  s i m i l a r  up t o  8h e xposu re  t im e .
Î,

;

■I
However, a t  t h e  16h e x p o s u re  p e r i o d ,  t h e  u p ta k e  o f  w a te r  by t h e  a c h en e s  w i th  p

t i p s  c u t  o f f  i n c r e a s e s .  T h is  i n c r e a s e  in  w a te r  u p ta k e  i s  due n o t  o n ly  to  3
■

w a te r  a b s o rb e d ,  b u t  a l s o  t o  r a d i c l e  p r o t r u s i o n  in  c o n t r a s t  to  i n t a c t  a c h e n e s .

The p e r c e n ta g e  w a te r  u p ta k e  a f t e r  8h, p r i o r  to  r a d i c l e  p r o t r u s i o n ,  i s  a b o u t  

37 p e r c e n t  in  achenes  t h a t  had t h e i r  t i p s  c u t  o f f ;  t h i s  w a te r  u p ta k e  i s  

a t t a i n e d  by i n t a c t  achenes  be tw een  16 t o  24h exposu re  t im e .  Thus, t h e s e  

r e s u l t s  i n d i c a t e  t h a t  t h e  p e r i c a r p  does  n o t  p r e v e n t  o r  even  r e t a r d  w a te r  

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

'i
Chemi c a l  T re a tm e n ts

"I
The s u g g e s t i o n  t h a t  chem ica l  t r e a tm e n t s  which a l lo w  d e g r a d a t io n  o f  t h e  3

p e r i c a r p ,  hence r e d u c in g  t h e  m ech an ica l  f o r c e  imposed on  t h e  expand ing  embryo, |

was exam ined . The e f f e c t s  o f  c h e m ica l  t r e a tm e n t s  which may a l s o  prom ote 

g e r m in a t io n  th ro u g h  p h y s i o l o g i c a l  m eans, a s  h a s  been  s p e c u l a t e d  by H end ricks  

and T a y lo r s o n  (1972) o r  R o b e r ts  (1973) ( r e f e r  G enera l  I n t r o d u c t i o n  page  2 9 ) ,  [I

was a l s o  i n v e s t i g a t e d  in  P. p e r s i c a r i a .  The d e s ig n  o f  t h e  e x p e r im e n ts  was I
■"'îh

. :'k
su c h  t h a t  a c h en e s  were e i t h e r  k e p t  i n  w a te r  a t  20°C i n  t h e  d a rk  f o r  24h and p

th e n  exposed  to  t h e  c h e m ic a ls  and g e rm in a te d  a t  35°C i n  t h e  d a r k ,  o r  exposed

to  t h e  c h e m ic a ls  a t  20°C (d a rk )  f o r  24h, t r a n s f e r r e d  t o  w a te r  and g e rm in a te d  ;
'■

a t  35°C i n  th e  d a r k .  T h is  would a l lo w  t h e  s e p a r a t i o n  o f  t h e  e f f e c t s  o f
::.:3

c h e m ic a ls  on g e r m in a t io n  s e n s u  s t r i c t o  and on g ro w th .

The achenes  were a l s o  exposed  c o n t in u o u s ly  t o  th e  c h e m ic a ls  and g e rm in a te d  X
3

a t  35°C i n  t h e  d a r k .  3



Figure  3.1

The P e r c e n ta g e  W ater U ptake  a t  2 0 °C d a rk n e s s
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Calcium  h y p o c h l o r i t e  (CatClO^g)

When a c h en e s  were t r e a t e d  w i t h  Ca(ClO)» a f t e r  24h ex p o su re  t o  w a te r  o r  

exposed to  Ca(C10)„ f o r  24h b e f o r e  s u b s e q u e n t  g e r m in a t io n  i n  w a t e r ,  t h e  t o t a l  

p e r c e n ta g e  g e rm in a t io n s  f o r  0, 1 , and 10 mM t r e a tm e n t s  were s i m i l a r  and n o t  

s i g n i f i c a n t l y  d i f f e r e n t  (T a b le s  3.4A and B ) . Also t r e a t m e n t s  in  which a c h en e s  

w ere  g e rm in a te d  im m ed ia te ly  i n  CaCClO)^ d id  n o t  improve g e rm in a t io n  (Table

3 ,4 C ) .  I t  i s  e v id e n t  t h a t  Ca(C10)2 does  n o t  improve t h e  g e rm in a t io n  o f  i n t a c t  

u n c h i l l e d  a c h e n e s ,  and any  c h e m ic a l  s c a r i f i c a t i o n  a c t i o n  i t  may p o s s e s s  i s  

n o t  e f f e c t i v e  on P. p e r s i c a r i a  a c h e n e s .

Hydrogen P e ro x id e  (H2 O2 )

T re a tm e n ts  i n  w hich  a c h e n e s  were g e rm in a te d  i n  H2 O2  a f t e r  b e in g  k e p t  in  

w a te r  f o r  24h (T ab le  3.5A) s t i m u l a t e d  s i g n i f i c a n t  g e rm in a t io n  a t  c o n c e n t r a t i o n s  

o f  5 § 10 volume H2 O2 , w h i l e  h i g h e r  c o n c e n t r a t i o n s  o f  20 and above i n h i b i t e d  

com ple te  g e rm in a t io n .

When t h e  achenes  were exposed  to  ^ 2^2 24h, and s u b s e q u e n t ly  g e rm in a te d

in  w a te r ,  p e r c e n ta g e  g e r m in a t io n  i n c r e a s e d  p r o g r e s s i v e l y  w i th  i n c r e a s e  i n  t h e  

^2^2 c o n c e n t r a t i o n s  (Table  3 .5 B ) .

The g e r m in a t io n  o f  a c h en e s  w i th o u t  p r i o r  i m b i b i t i o n  a t  20°C i n  t h e  d a rk I
i s  shown i n  T ab le  3 .5C . G e rm in a t io n  was enhanced a t  5, § 10 volume c o n c e n ­

t r a t i o n s ,  and w ith  s u b s e q u e n t  i n c r e a s e  t o  15 Volume; g e r m in a t io n  d e c re a s e d  

when compared to  w a te r  ( c o n t r o l )  t r e a t m e n t .  With f u r t h e r  i n c r e a s e  to  20 

volum e, g e rm in a t io n  was c o m p le te ly  i n h i b i t e d .

From th e  f o r e g o in g  o b s e r v a t i o n s ,  H2 O2  co u ld  b o th  prom ote o r  i n h i b i t  t h e
■

g e r m in a t io n  o f  u n c h i l l e d  achenes  d epend ing  on th e  a p p l i c a t i o n  and th e  c o n c e n ­

t r a t i o n s .  The mechanism o f  a c t i o n  m igh t  be p u r e l y  due t o  ch em ica l  s c a r i f i ­

c a t i o n  o f  t h e  p e r i c a r p  b e c a u s e  i t  i s  a s t r o n g  o x i d i s i n g  a g e n t .  A l t e r n a t i v e l y ,

i t  may be  p h y s i o l o g i c a l ,  as h a s  been  s p e c u l a t e d  by H en d r ick s  and T a y lo rso n

(1972) o r  R o b e r ts  (1 9 7 3 ) .  The fo rm e r  a u th o r s  s u g g e s te d  t h a t  a c t s  th ro u g h

b e in g  sp a re d  by i n h i b i t i o n  o f  c a t a l a s e  a c t i o n  by t h e  a c t i o n  o f  n i t r i t e ,  h y d ro -



'■■-eS'

48

T a b le  3 . 4 . The mean p e r c e n ta g e  g e r m in a t io n  o f  u n c h i l l e d  a c h en e s  o f

P. p e r s i c a r i a  t r e a t e d  w i th  c a lc iu m  h y p o c h l o r i t e  CCaCClO)^-

C ounted  a f t e r  14 daysG e rm in a t io n  c o n d i t i o n s

T rea tm en t

35°C d a r k n e s s .

P e rc e n ta g e  G e rm in a t io n

C o n c e n t r a t i o n  o f  Ca(C10)_ (mM) 
0 1 10

A. Achenes k ep t  in  w a te r  a t  20 C f o r  24h ^32 .33
and  th e n  t r a n s f e r r e d  to  Ca(C10)2 a t  35°C

B. Achenes exposed to  Ca(C10)2 a t  20°C 32 .33
f o r  24h and th e n  t r a n s f e r r e d  to  w a te r
a t  35°C.

C. Exposed c o n t in u o u s ly  t o  Ca(C10)„ a t  39 .66
35°C.

t

34

32 .33

49 .6 6

40 .66

41 .33

35.66

R e p l i c a te d  t h r i c e  w i th  50 a c h e n e s  p e r  r e p l i c a t e  in  2m1 o f  H2 O o r  so In. 

A n a ly s i s  o f  R e s u l t s  : One f a c t o r  v a r i a n c e : -

3

I

Source
Degree  o f  

Freedom
Sum o f  
S q u a re

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 2 25.3916 12.6958 1.75357 N.S.

C o n c e n t r a t i o n s
(T re a tm e n ts )

2 41 .8779 20.939 2,89213 N.S.

E r r o r 4 2 8 .96 7.23999

T o ta l 8 96 .2295

B. Source Degree o f  
Freedom

Sum o f  
S quare

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 2 6.7207 3.36035 0.450865 N.S.

C o n c e n t r a t io n s
(T re a tm e n ts )

2 57 .5996 28.7998 3.86412 N.S.

E r r o r 4 29.8125 7.45313

T o ta l 8 94.1328

C.

S ource
Degree o f  
Freedom

Sum o f  
S qua re

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 2 14 .7471 7.37354 0.73811 N.S.

C o n c e n t r a t i o n s
(T re a tm e n ts )

2 105.467 52.7334 5.27875 N.S.

E r r o r 4 39.959 9.98975

T o ta l 8 160,173

if

:
I
33

■ ■ v.    .■ :■ . . . . .
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Table 3 . 5 . The mean p e rce n tag e  ge rm in a tio n  o f  unc h i l l e d  achenes o f

P. p e r s i c a r i a  t r e a t e d  w ith  Hydrogen Peroxide (H2 O2 ) .
G erm ination  c o n d i t io n s  - 35°C d a rk n ess .  Counted a f t e r  14 days.

P e r c e n ta g e  G e rm in a t io n

C o n c e n t r a t i o n  o f  H^Og (volume)

T rea tm en t 0 10 15 20 50

A. Achenes k e p t  in  w a te r  a t  20°C ^35.5 57 .5  6 6 .5  34 .5  0 0
f o r  24h, th e n  t r a n s f e r r e d  to
H O  a t  35°C

B. Achenes exposed to  H2 O2  a t  20*C 3 5 .5  28 .5  4 8 .5  4 6 .0  6 9 .0  8 2 .5
( d a rk )  f o r  24h, th e n  t r a n s f e r r e d
t o  w a te r  a t  35°C

C. Exposed c o n t i n u o u s ly  t o  H O  
a t  35°C

3 3 .5  6 7 .0  70.5 20 .5  0 0

Mean o f  2 r e p l i c a t e s  w i th  100 a c h en e s  p e r  r e p l i c a t e  i n  10ml o f  H2 O o r  s o ln .

O b s e r v a t io n s  f o r  T re a tm e n ts  A and C.

0 -1 0  volumes 

15 volumes 

20 and 50 volumes

S e e d l in g s  a p p e a r  no rm al .

S e e d l in g s  m alform ed and s t u n t e d .

P e r i c a r p  t u rn e d  y e l l o w i s h  in  c o l o u r ,  t i p s  s p l i t  
open and  sw o l le n .

A n a ly s i s  o f  R e s u l t s ; -  One f a c t o r  v a r i a n c e .

0 v o l  to 15 volumes t r e a tm e n t s
A. Degree o f Sum o f Mean Level of

Source Freedom Square Square F S i g n i f i c a n c e

R e p l i c a t e s 1 2,87598 2.87598 0.191674 N.S.
C o n c e n t r a t i o n s 3 525 .308 175.103 1 1 .6 7 *

E r ro r 3 45.0137 15.0046
T o ta l 7 573.197

0 v o l  to 50 volumes t r e a tm e n t s
A. Degree o f Sum o f Mean Level o f

S ource Freedom Square Square F S i g n i f i c a n c e

R e p l i c a t e s I 1 .91797 1.91797 0.208603 N.S.
C o n c e n t r a t i o n s 5 5711.47 1142.29 124.239 *  *  -A-

E r r o r 5 45 .9717 9.19434

T o t a l 11 5759 .36
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T able  3 .5  contd,

A n a ly s i s  o f  R e s u l t s : -

50 volumes

B.
Source

D egree  o f  
Freedom

Sum o f  
Square

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 3 ,96875 3.96875 1.6908 N.S.

C o n c e n t r a t i o n s 5 1533 .26 306 ,652 130.642 * * *

E r r o r 5 11.7363 2.34727

T o t a l 11 1548 .96

0 - 15 volumes

C.
S ource

D egree  o f  
Freedom

Sum o f  
Square

Mean
Square F

L evel o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 9.03027 9.03027 1 .19682 N.S.

Conee n t r â t io n s 3 1319.82 439.941 58.307 **

E r ro r 3 22.6357 7,54525

T o ta l 7 1351.49

0 - 50 volumes

C.
Sour ce

Degree o f  
Freedom

Sum o f  
S quare

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 6.02051 6.02051 1.17379 N.S.

C o n c e n t r a t i o n s 5 6391 .96 1278.39 249.243 * * *

E r ro r 5 25,6455 5.1291

T o ta l 11 6423.62

'"YKl

l i
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x y lam ine  and t h i o u r e a ,  w h i le  t h e  l a t t e r  a u th o r  s p e c u l a t e d  t h a t  t h e s e  

c h e m ic a ls  a c t  by b e in g  hydrogen  a c c e p t o r s .  However, may a l s o

s t i m u l a t e  g e r m in a t io n  by i n c r e a s i n g  oxygen t e n s i o n  o r  p ro m o tin g  o x i d a t i o n  

o f  any i n h i b i t o r y  s u b s ta n c e  t h a t  t h e  p e r i c a r p  m igh t c o n t a i n .

The e f f e c t s  o f  c h e m ic a ls  l i k e  KNO^, KNO^, NH^Cl.OH and CS(NH2 ) 2  ou th e  

g e r m in a t io n  o f  P. p e r s i c a r i a  a chenes  w ere  i n v e s t i g a t e d  in  t h e  l i g h t  o f  t h e  

above s p e c u l a t i o n s .

P o ta ss iu m  n i t r a t e  (KNO^)

T re a tm e n ts  i n  w hich achenes  w ere  i n i t i a l l y  exposed  in  w a te r  b e f o r e  

g e rm in a t in g  i n  KNÔ  d id  n o t  d i f f e r  much from t h e  w a te r  ( c o n t r o l )  t r e a tm e n t ;  

how ever, i t  was s i g n i f i c a n t  a t  1 p e r c e n t  l e v e l  (T ab le  3 .6 A ) .  100 mM

t r e a tm e n t  i n h i b i t e d  com ple te  g e r m in a t io n  o f  t h e  a c h e n e s .

When ac h en e s  were im bibed i n  1, 10 o r  100 mM KNÔ  and s u b s e q u e n t ly  

g e rm in a te d  i n  w a t e r ,  p e r c e n ta g e  g e r m in a t io n s  were com parab le  to  t h a t  o f  w a te r  

( c o n t r o l )  t r e a tm e n t  (T ab le  3 .6 B ) .

G e rm in a t io n s  o f  un im bibed  achenes  i n  1 o r  10 mM c o n c e n t r a t i o n s  d id  n o t  

i n c r e a s e  s u b s t a n t i a l l y  o v e r  th e  c o n t r o l  t r e a tm e n t ,  and t r e a tm e n t s  were n o t  

s i g n i f i c a n t  when t h e  100 mM t r e a tm e n t  i s  n o t  tak e n  i n t o  c o n s i d e r a t i o n  (T ab le  

3.6C) .

P o ta ss iu m  n i t r i t e  (KNO^)

P o ta ss iu m  n i t r i t e  enhanced s i g n i f i c a n t  g e rm in a t io n  when g iv e n  a f t e r  th e  

achenes  had been soaked in  w a te r  and s u b s e q u e n t ly  g e rm in a te d  in  1 o r  10 mM 

c o n c e n t r a t i o n s .  When th e  c o n c e n t r a t i o n  was i n c r e a s e d  t o  100 mM, g e r m in a t io n  

was c o m p le te ly  p r e v e n te d  (Table  3 .7 A ) ,

There  was a p r o g r e s s iv e  s t i m u l a t i o n  and s i g n i f i c a n t  g e rm in a t io n  when 

ac h en e s  were exposed to  KNÔ  f o r  24h, and g e rm in a te d  in  w a te r  (Table  3 .7 B ) .

In  t h e  unim bibed  t r e a t m e n t s ,  s i g n i f i c a n t  g e rm in a t io n  was s t i m u l a t e d ,  

a l th o u g h  w ith  an i n c r e a s e  in  KNOg c o n c e n t r a t i o n  to  100 mM, g e rm in a t io n  was



Table 3 . 6 . The mean p e rc e n ta g e  g e rm in a t io n  o f  u n c h i l le d  achenes o f

P. p e r s i c a r i a  t r e a t e d  w ith  Potassium n i t r a t e  (KNO^).

G erm ination c o n d i t io n s  35°C (d a rk n e s s ) .  Counted a f t e r  14 days.
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T re a tm e n t

P e r c e n ta g e  G e rm in a t io n  

C o n c e n t r a t i o n  o f  KNÔ  (mM)

1 10 100

A. Achenes kep t in  w a te r  a t  20®C 
(d a rk )  f o r  24h, th e n  t r a n s f e r r e d  
t o  KNOg a t  35°C.

B. Achenes exposed  t o  KNOg a t  20®C 
(d a rk )  f o r  24h, t h e n  t r a n s f e r r e d  
t o  w a te r  a t  35®C.

C. Exposed c o n t in u o u s ly  t o  KNO 
a t  35°C.

t 32.33

32 .33

39 .66

44

31

41

32

49 .66 4 7 .6 6

Mean o f  3 r e p l i c a t e s  w i th  50 a c h e n e s  p e r  r e p l i c a t e ,

A n a ly s i s  o f  R e s u l t s  - One f a c t o r  v a r i a n c e : -

A.
Source

Degree o f  
Freedom

0 t o  10 mM

Sum o f  
 Squar e

Mean
S quare

44

Level o f  
S i g n i f i c a n c e

I
if

R e p l i c a t e s  

C o n c e n t râ t  io n s  

E r r o r  

T o ta l

61 .457

77 .8838

7.93555
147 .276

0 t o  100 mM

30,7285 

38 .9419 

1 ,98389

15.489

19.6291

Source
D egree o f  
Freedom

Sum o f  
S quare

Mean
S quare

*

**

Level o f  
S i g n i f i c a n c e

"'i;

R e p l i c a t e s  

C o n c e n t râ t  io n s  

E r r o r  

T o ta l

2

3

6

11

32 .9121 

119 .789  

97 .2354  

249.937

16.4561 

3 9 .9297 
16.2059

1.01544

2.4639
N.S,

N.S.



Table  3 .6  con td .

A n a ly s is  o f  R e s u l t s :

0 t o  10 mM

53

c.
Source

D egree o f  
Freedom

Sum o f  
S quare

Mean
S q u are F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 2 0.804688 0.402344 0.020142 N.S.

C o n c e n t r a t i o n s 2 56.6982 28.3491 1.41921 N.S.

E r r o r 4 79.9014 19.9753
T o t a l 8 137.404 

0 t o  100 mM

C.
S ource

D egree o f  
Freedom

Sura o f  
S qua re

Mean
S quare P

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 2 0.603516 0.301758 0.0226029 N.S.

C o n c e n t r a t i o n s 3 4118.64 1372.88 102.834 * * *

E r ro r 6 80.1025 13.3504
T o ta l 11 4199.34
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Table 3 . 7 . The mean p e rc e n ta g e  g e rm in a t io n  o f  u n c h i l l e d  achenes o f
P . p e r s i c a r i a  t r e a t e d  w ith  Potassium  n i t r i t e  (KNO2 ) .

G erm ination  c o n d i t io n s  - 35®C (d a rk n e s s ) .  Counted a f t e r  14 days.

P e r c e n ta g e  G e rm in a t io n

T re a tm e n t

Cone, o f  KNO  ̂ (mM) 

1 10 100

A. Achenes k e p t  in  w a te r  a t  20°C 
(d a rk )  f o r  24h, t h e n  t r a n s ­
f e r r e d  to  KNÔ  a t  35®C.

B. Achenes exposed  t o  KNO a t  
20®C (d a rk )  f o r  24h , t h e n  
t r a n s f e r r e d  to  w a te r  a t  35®C.

t 32.33

32.33

3 9 .66

5 6 .6 6

38 .66

60.66C. Exposed c o n t i n u o u s ly  t o  
KNO a t  35*C.

'I-*
Mean o f  3 r e p l i c a t e s  w i t h  50 a chenes  p e r  r e p l i c a t e .

65

5 2 .6 6

70 .33

70.33

:
:|

s

A n a ly s i s  o f  R e s u l t s  : One f a c t o r  v a r i a n c e

0 to  10 mM

A. Degree o f  Sum o f  
Source  Freedom Square

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 2 18.8008 9.40039 3.46384 N .S .

C o n c e n t r a t i o n s 2 590.457 295.229 108.785 ***

E r r o r 4 10.8555 2.71387
T o ta l 8 620.113

0 t o  100 mM

B. Degree o f Sum o f Mean Level o f
S ou rce Freedom S quare Square F S i g n i f i c a n c e

R e p l i c a t e s 2 0.707031 0.353516 0.0232898 N .S.

C o n c e n t r â t io n s 3 892.471 297.49 19.5983 **

E r ro r 6 91 ,0762 15.1794

T o ta l 11 984.254

0 t o  10 mM

C. Degree o f Sum o f Mean Level o f
Source Freedom Square Square F S i g n i f i c a n c e

R e p l i c a t e s 2 16 .3248 8.16211 1 .62354 N.S.
C o n c e n t r a t io n s 2 507.645 253.822 50 .4883 ',V *

E r ro r 4 20.1094 5.02734
T o ta l 8 544.078

I



p r e v e n te d .

Hydroxylam ine  h y d r o c h l o r id e  (NH^Cl.OH)

T re a tm e n ts  (0 and 1 mM) i n  w hich  a c h en e s  were g e rm in a te d  in  NH^Cl.OH 

a f t e r  24h i m b i b i t i o n  in  w a te r  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  and w i th  

i n c r e a s e  i n  c o n c e n t r a t i o n s  to  10 and 100 mM, g e r m in a t io n  was p r e v e n te d  

(T ab le  3 . 8 A).

When achenes  w ere  t r e a t e d  in  NH^Cl.OH f o r  24h b e f o r e  g e rm in a t in g  i n  

w a t e r ,  t h e  p e r c e n ta g e  g e r m in a t io n  i n c r e a s e d  s l i g h t l y  a t  10 and 100 mM 

c o n c e n t r a t i o n s ,  b u t  th e s e  were n o t  s i g n i f i c a n t  (T ab le  3 . SB).

G e rm in a t io n  o f  a c h en e s  exposed  c o n t i n u o u s ly  t o  NH^Cl.OH a t  35°C 

d e c re a s e d  s l i g h t l y  a t  10 and 100 mM c o n c e n t r a t i o n s ,  th o u g h  t h i s  d e c r e a s e  i s  

n o t  s u b s t a n t i a l  and a l s o  n o t  s i g n i f i c a n t  (T ab le  3 ,8 C ) .

T h io u re a  (CS(NH2 ) 2 )

T re a tm e n ts  i n  which g e r m in a t io n  was c a r r i e d  o u t  i n  CS(NH2 ) 2  a f t e r  t h e  

achenes  had been  k e p t  i n  w a te r  f o r  24h d id  n o t  s i g n i f i c a n t l y  enhance  

g e r m in a t io n  (Table  3 .9 A ) .

G e rm in a t io n  was e s s e n t i a l l y  s i m i l a r  when a c h e n e s ,  a f t e r  24h i m b i b i t i o n  

in  CS(NH2 ) 2 » w ere  g e rm in a te d  i n  w a te r  (T ab le  3 .9 B ) .

The t r e a tm e n t s  i n  w hich  un im bibed  achenes  were g e rm in a te d  in  CS(NH2 ) 2  

d id  n o t  prom ote s i g n i f i c a n t  g e r m in a t io n  (T ab le  3 .9 C ) .

Sodium c y a n id e  (NaCN)

T re a tm e n ts  t h a t  w i l l  i n c r e a s e  t h e  oxygen to  P e n to s e  Phospha te  pathway 

have  b een  s p e c u l a t e d  t o  b r e a k  dorm ancy, e . g .  t r e a tm e n t  w i th  i n h i b i t o r s  o f  

cy tochrom e o x i d a s e ,  e . g .  NaCN o r  NaN^ ( R o b e r t s ,  197 3 ) .  The e f f e c t s  ( i f  any) 

on t h e  u n c h i l l e d  achenes  o f  P. p e r s i c a r i a  were t e s t e d .

T re a tm e n ts  i n  which a chenes  were exposed  t o  w a te r  b e f o r e  b e in g  g e rm in a te d  

in  NaCN (T a b le  3 . IDA) f a i l e d  t o  s t i m u l a t e  g e r m in a t io n .  G e rm in a t io n  amongst

s

f t
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T a b le  5 . 8 . The mean p e rc e n ta g e  g e r m in a t io n  o f  u n c h i l l e d  achenes  o f  

P. p e r s i c a r i a  t r e a t e d  w i th  Hydroxylam ine h y d r o c h lo r id e  

(NHgCl.OH). G e rm in a t io n  c o n d i t i o n s  - 35°C d a r k n e s s .  

Counted a f t e r  14 d a y s .

T rea tm en t

P e r c e n ta g e  G e rm in a t io n  

Cone, o f  NHgCl.OH (mM) 

1 10 100

A. Achenes k e p t  in  w a te r  a t  20°C 
( d a r k ) , t h e n  t r a n s f e r r e d  to  
NH^Cl.OH a t  35®C.

B. Achenes exposed  t o  NH^Cl.OH 
a t  20°C ( d a r k ) ,  t h e n  t r a n s ­
f e r r e d  to  H^O a t  35®C .

C. Exposed c o n t in u o u s ly  to

t 35 .5

35 .5

3 3 .5

49

34

3 6 .5

50

30

49

24 .5
NHgCl.OH a t  35®C.

t Mean o f  2 r e p l i c a t e s  w i th  100 ach en es  p e r  r e p l i c a t e ,

O b s e rv a t io n s  : 10 and 100 mM removed th e  c o lo u r  o f  th e  p e r i c a r p  w hich tu r n e d

b ro w n ish  i n  c o l o u r ,  g e r m in a t io n  a p p e a r s  v i s i b l e  b u t  r a d i c l e  e lo n g a t io n  

i n h i b i t e d .  Some ach en es  had t h e i r  t i p s  s p l i t  o p e n ,  and t h o s e  t h a t  g e rm in a te d  

had  s tu n t e d  s e e d l i n g s .

A n a ly s i s  o f  R e s u l t s  : One f a c t o r  v a r i a n c e .

0 and 1 mM

A.
Source

D egree o f  
Freedom

Sum o f  
S qua re

Mean
S quare F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 2.25098 2 .25098 1.00109 N.S .

C o n c e n t r a t io n s 1 60 .8413 60.8413 27.0582 N.S.

E r ro r 1 2.24854 2.24854
T o ta l 3 65 .3408 

0 t o  100 mM

A.
S ource

Degree o f  
Freedom

Sum o f  
Square

Mean 
Squar e F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 1 .12549 1.12549 1.00072 N.S.

C o n c e n t r a t i o n s 3 3341,34  1113.78 990 .314 * * *

E r r o r 3 3 .37402 1.12467

T o ta l 7 3345.84



Table 3 .8  con td .

A n a ly s i s  o f  R e s u l t s :

B.
Source

Degree o f  
Freedom

Sum o f  
Square

Mean
Square F

L ev e l  o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 13.2588 13.2588 1 .2 9919 N.S .

C o n c e n t r â t  io n s 3 151.973 50.6576 4 .9638 N.S.

E r ro r 3 30 .6162 10.2054

T o ta l 7 195.848

C.
Sou rce

Degree o f  
Freedom

Sum o f  
S quare

Mean
Square p

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 36 .9746 36 .9746 4 .4 7 7 3 5 N.S.

C o n c e n t r a t i o n s 3 66.127 22.0423 2.66916 N .S .
E r r o r 3 24.7744 8.25814

T o ta l 7 127 .876
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Table  3 . 9 . The mean p e rc e n ta g e  g e rm in a tio n  o f  u n c h i l l e d  achenes o f

P. p e r s i c a r i a  t r e a t e d  w ith  T hiourea  (CS(NH2 ) 2 *
G erm ination  c o n d i t io n s  - 35®C d ark n ess .  Counted a f t e r  14 d ays .

P e rc e n ta g e  G e rm in a t io n  

Cone, o f  CSCNHg) (mM)

T re a tm e n t 10 100

A. Achenes k e p t  in  w a te r  a t  20®C 
(d a rk )  f o r  24h, th e n  t r a n s ­
f e r r e d  to  CStNHg)^, a-t 35®C.

B. Achenes exposed  t o  CS(NH„)„ 
a t  20°C (da rk )  f o r  24h, 
th e n  t r a n s f e r r e d  t o  w a te r  
a t  35®C.

C. Achenes exposed  c o n t i n u o u s ly  
t o  CS(NH )g  a t  35°C.

t 3 5 .5

3 5 .5

3 7 .5

29 .5

4 0 .2

3 4 .5

43 .5

41 .5

3 3 .5 29.5 2 1 . 8 4 2 .5

t Mean o f  2 r e p l i c a t e s  w i th  100 achenes  p e r  r e p l i c a t e .

O b s e rv a t io n s ;  100 mM c o n c e n t r a t i o n  tu rn e d  achenes  b row n ish  i n  c o l o u r ,  and 
p r e v e n te d  r a d i c l e  e l o n g a t i o n .

A n a ly s is  o f  R e s u l t s  : One f a c t o r  v a r i a n c e .

0 t o  100 mM

it

A.
Source

D egree  o f  
Freedom

Sum o f  
Square

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 0.178711 0.178711 0.0607167 N.S.

C o n c e n t r a t i o n s 3 24.8105 8.27018 2.80978 N .S .

E r r o r 3 8 .83008 2.94336

T o t a l 7 33 .8193  

0 t o  100 mM

B.
Source

D egree o f  
Freedom

Sum o f  
Square  .

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 0.977539 0.977539 0.137161 N .S .

C o n c e n t r â t  ions 3 52.2773 17 .4258 2.44505 N.S.

E r ro r 3 21.3809 7.12695

T o ta l 7 74 .6357 

0 t o  100 niM

C.
Source

Degree  o f  
Freedom

Sum o f  
Square

Mean
Square F

L evel o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 12.748 12.748 0.485784 N.S.

C o n c e n t r a t i o n s 3 178.11 59.3701 2.26239 N.S.

E r r o r 3 78.7266 26.2422
T o ta l 7 269.585

I
:s
I
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Table 3 .10 .  The mean p e rc e n ta g e  g e rm in a t io n  of u n c h i l l e d  achenes o f
P. p e r s i c a r i a  t r e a t e d  w ith  sodium cyan ide  (NaCN),
G erm ination c o n d i t io n s  - 35°C (d a rk n e s s ) .  Counted a f t e r  14 days

P e r c e n ta g e  G e rm in a t io n  

C o n c e n t r a t i o n  o f  NaCN (mM)

T rea tm en t 0 0 .1 0 ,5  1 .0 3 .0 5 .0  10

A. Achenes k e p t  in  w a te r  
a t  20°C (d a rk )  f o r  
24h, th e n  t r a n s f e r r e d  
t o  NaCN.

**35.5 3 1 .5 28 .0  3 5 .0 25 .5 28 .5  29 .0

B. Achenes exposed to  
NaCN a t  20®C (d ark )  
f o r  24h, t h e n  t r a n s ­
f e r r e d  to  w a te r  a t  
35°C.

3 5 .5  1 5 .0 12 .5  18 .5 19 .0 2 4 .0  15 .5

C . Exposed c o n t in u o u s ly  
t o  NaCN a t  35®C.

3 3 .5  33 .5 33 .0  40 .5 31 .0 3 9 .5  42 .0

Mean o f  2 r e p l i c a t e s  w i t h  100 ach en es p e r  r e p l i c a t e .

A n a ly s is  o f  R e s u l t s  : One f a c t o r ,  v a r i a n c e .

0 to  10 mM

A.
Source

D egree  o f  Sum o f  
Freedom S quare

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 26.8818 26.8818 1.35595 N.S.

C o n c e n t r a t io n s 6 69 .3467 11.5578 0.582989 N.S.

E r r o r 6 118 ,95 19,825

T o ta l 13 215.179 

0 t o  10 mM

B.
Source

D egree  o f  Sum o f  
Freedom S qua re

Mean
Square F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 18 .9756 18.9756 5 .36546 N.S.

Conee n t r â t io n s 6 341 ,657 56.9429 16.1009 ** '

E r ro r 6 21.2197 3 .53662

T o ta l 13 3 8 1 .853  

0 t o  10 mM

C.
Source

D egree o f  Sum o f  
Freedom S q u a re

Mean
S quare F

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s 1 3 .80859 3.80859 0.468206 N.S.

C o n c e n t r â t  io n s 6 81.791 13.6318 1.67582 N.S .

E r r o r 6 4 8 .8 0 6 6 8.13444

T o ta l 13 134 .406

it:;. '
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t r e a tm e n t s  was e s s e n t i a l l y  s i m i l a r  and n o t  s i g n i f i c a n t .

When th e  a c h en e s  w ere  k e p t  i n  NaCN f o r  24h and s u b s e q u e n t ly  g e rm in a te d  

in  w a te r ,  g e r m in a t io n  was n o t  s t i m u l a t e d ,  r a t h e r  i t  d e c r e a s e d .  The

s i g n i f i c a n t  e f f e c t  (T ab le  3.10B) was due to  d e c re a s e d  g e r m in a t io n .

G e rm in a t io n  w i th o u t  p r i o r  e x p o s u re  t o  w a te r  a t  20°C (d a rk )  was n o t  

enhanced . P e r c e n ta g e  g e r m in a t io n  was s i m i l a r  and n o t  s i g n i f i c a n t  (T ab le  

3 . IOC) .

fj.
Sodium Azide (NaN )

When th e  achenes  were k e p t  i n  w a te r  b e f o r e  g e rm in a t in g  i n  NaN^ (T ab le

0 .5  mM d i d  n o t  prom ote s i g n i f i c a n t  g e r m in a t io n  (T ab le  3.11C) .

E f f e c t  o f  Gaseous Environm ent

In  an a t te m p t  t o  d e te rm in e  th e  e f f e c t s  o f  gaseous  e n v iro n m e n ts ,  achenes 

were ge rm in a ted  d i r e c t l y  i n  v a ry in g  c o m p o s i t io n  o f  0^ o r  CO^ and g e rm in a te d  

a t  35®C o r  30®C in  t h e  d a rk  ( F ig u r e  3 . 2 ) .

The r e s u l t s  d e m o n s t ra te  t h a t  25 to  100 p e rc e n ta g e  oxygen env ironm en t d id

3 .11A ), p e rc e n ta g e  g e r m in a t io n  b e tw een  t h e  w a te r  and 0.1 mM t r e a tm e n t s  was 

s i m i l a r .  W ith f u r t h e r  i n c r e a s e  i n  NaN^ c o n c e n t r a t i o n s  t o  0 .5  mM, g e rm in a t io n  

was g r e a t l y  r e d u c e d ,  and was c o m p le te ly  p r e v e n te d  w i th  i n c r e a s e  i n  NaN„ 

c o n c e n t r a t i o n s  t o  1 mM.

However, t r e a tm e n t s  i n  w hich  ach en es  were g e rm in a te d  in  w a te r  a f t e r  

b e in g  k e p t  i n  NaN^ f o r  24h d id  a l lo w  g e rm in a t io n  which was s i g n i f i c a n t l y  

g r e a t e r  a t  t h e  5 p e r c e n t  l e v e l .

At h ig h  c o n c e n t r a t i o n s  o f  1 to  10 mM, g e rm in a t io n  was n o t  p r e v e n te d  

(T ab le  3.11B) i n  c o n t r a s t  t o  a c h e n e s  t h a t  were k e p t  i n  w a te r  and g e rm in a te d  

in  NaNg.

G erm in a t io n  o f  achenes exposed  c o n t in u o u s ly  t o  NaN^ was n o t  prom oted  

w i th in  t h e  r a n g e  o f  0 .1  to  0 .5  mM. With i n c r e a s e  i n  c o n c e n t r a t i o n  to  

1 .0  mM, g e rm in a t io n  was c o m p le te ly  i n h i b i t e d .  The NaN^ t r e a tm e n t s  o f  0 t o
I



61

Table 3 . 1 1 . The mean p e rc e n ta g e  g e rm in a t io n  o £ 'u n c h i l l e d  achenes o f

P. p e r s i c a r i a  t r e a t e d  w ith  sodium az id e  (NaN^).
G erm ination  c o n d i t io n s  - 35“C ( d a r k n e s s ) . Counted a f t e r  14 days

C o n c e n t r a t i o n  o f  NaN^ (mM)

T rea tm en t 0.1 0 ,5 1 ,0  3 .0  5 .0  1 0 .0

tA. Achenes k e p t  i n  w a te r  
a t  20®C (d a rk )  f o r  
24h, t h e n  t r a n s f e r r e d  
t o  NaNg a t  35°C.

B. Achenes exposed t o  NaN, 35 .5  
a t  20°C (d a rk )  f o r  24h, 
t h e n  t r a n s f e r r e d  t o  w a te r  
a t  35°C.

3 5 .5  30 .5

2 1 .5

5 .0

24 31 .5  41 4 6 .5  35

Achenes exposed  
c o n t i n u o u s ly  to  
NaNg a t  35°C.

3 3 .5  36 .5 45 .0

t Mean o f  2 r e p l i c a t e s  w i th  100 a c h en e s  p e r  r e p l i c a t e .

O b s e rv a t io n s  :

A and £  : Achenes g e rm in a te d  i n  0 .5  t o  1 mM had t h e i r  t i p s  s p l i t  open ,
~  g e r m in a t io n  a p p e a rs  v i s i b l e ,  b u t  r a d i c l e  p r o t r u s i o n  p r e v e n te d .

B ; Achenes exposed  t o  100 mM had t h e i r  t i p s  s p l i t  open .

A n a ly s is  o f  R e s u l t s  : One f a c t o r  v a r i a n c e

A.
Source

Degree o f  
Freedom

0 t o  0 .5  mM

Sum o f  
Square

Mean
Square

Level o f  
S i g n i f i c a n c e

R e p l i c a t e s  

C o n c e n t r â t ions  

E r ro r  

T o ta l

4 ,00146 4 .0 0 1 4 6  0 ,07872

671.644 335.822  6 .6065

101,663 

777 .308

50.8315

N.S .

N.S.

 _    ■ :
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Table 3 .11 con td .

A n a ly s is  o f  R e s u l t s :

0 t o  10 mM

i

B. Degree o f Sum o f Mean Level o f
Source Freedom S q u are Square F S i g n i f i c a n c e

R e p l i c a t e s 1 1 .93164 1 .93164 0 ,155826 N.S .

C o n c e n t r a t i o n s 6 361 .867 60.3112 4,86531 *

E r r o r 6 74 .377 12.3962

T o ta l 13 4 3 8 .176

0 t o  0 .5  mM

C. D egree  o f Sum o f Mean L evel o f
Source Freedom S quare Square F S i g n i f i c a n c e

R e p l i c a t e s 1 3 .52637 3.52637 0 .771416 N.S .

C o n c e n t r a t i o n s 2 49.0859 24.543 5,36894 N.S .

E r r o r 2 9 .14258 4 .57129

T o ta l 5 61,7549

I

«
■ÎI



F ig u re  3 .2

E f f e c t  o f  d i f f e r e n t  c o m p o s i t io n  on th e  g e rm in a t io n  
o f  achenes  a t  30®C and 35°C i n  t h e  d a rk .  

G e rm in a t io n  c o u n t  r e c o r d e d  a f t e r  14 d a y s .
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Gaseous t e n s i o n  in  p e rc e n ta g e

G e rm in a t io n  a t  35°C (d a rk )  

" a t  30°C (d a rk )

Achenes d id  n o t  g e rm in a te  in  1 , 2, and 4 p e r c e n t  CO2  

env ironm en t and a l s o  in  100 p e r c e n t  N2  en v iro n m en t .
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n o t  i n f l u e n c e  g e r m in a t io n .

A lso ,  an a n a e r o b ic  e n v iro n m e n t  o f  1 ,  2 ,  o r  4 p e r c e n t  c a rb o n  d io x id e  o r  

100 p e r c e n t  n i t r o g e n  d i d  n o t  p rom ote  g e r m in a t io n  ( F ig u r e  3 . 2 ) .

DISCUSSION

The t e s t s  f o r  v i a b i l i t y ,  i . e .  t h e  100 p e r c e n t  d eh y d ro g e n a se  a c t i v i t y

;.l:

Ï
o b s e rv e d  c o u p le d  w i th  h ig h  g e r m i n a t io n  r e c o r d e d  when th e  t i p s  o f  t h e  a c h en e s

w ere  c u t  o f f ,  i n d i c a t e  t h a t  t h e  a chenes  have  a h ig h  p o t e n t i a l  g e rm in a t io n

Ic a p a c i t y .

G e rm in a t io n  o f  i n t a c t ,  u n c h i l l e d  a chenes  was o n ly  e x p re s s e d  s l i g h t l y  a t  

35*C i n  th e  d a rk  and s i g n i f i c a n t l y  enhanced  i n  t h e  l i g h t .  However,
"I

p e r c e n ta g e  g e r m in a t io n  was n o t  co m p arab le  t o  t h e  v i a b i l i t y  e s t i m a t e d .  These  

o b s e r v a t i o n s  a g r e e  w i t h  V e g i s 's  (1963) c l a s s i f i c a t i o n  o f  Polygonum p e r s i c a r i a  

a c h en e s  as  "Narrowed r a n g e  f o r  g e r m in a t io n  a t  h ig h  t e m p e r a t u r e " ;  and L a u e r ’ s 

(1953) who r e c o g n i s e d  t h e  a b i l i t y  o f  P . p e r s i c a r i a  t o  g e rm in a te  a t  h ig h  

t e m p e r a tu r e s  o f  35°C - 37°C. k

The above r e s u l t s  t e n d  t o  s u g g e s t  t h a t  t h e  p e r i c a r p  m igh t be one o f  t h e  -

f a c t o r s  c o n t r o l l i n g  dormancy. T h is  p r e v e n t i o n  o f  g e r m in a t io n  m ig h t  be 

c o n s id e r e d  a s  p o s s i b l y  b e in g
■I

(1 )  A m ec h a n ic a l  r e s t r a i n  on embryo g row th ,

(2) Imposing dormancy by th e  p r e s e n c e  o f  i n h i b i t o r s ,  and

(3)  P r e v e n t io n  o f  w a te r  o r  gaseo u s  u p t a k e .

I t  i s  t h e n  s u g g e s te d  t h a t  rem oval o f  t h e  p e r i c a r p  by r e d u c in g  t h e  f o rc e

imposed on t h e  embryo by t h e  p e r i c a r p  would p rom ote  g e r m in a t io n .  P u n c tu r in g  '
' '8'

o f  t h e  achenes  s t i m u l a t e d  s i g n i f i c a n t  g e rm in a t io n  i n  c o n t r a s t  t o  i n t a c t  y

ach en es  a t  35°C o n l y .  T re a tm e n ts  w i th  p e r i c a r p  removed s t i m u la t e d  g r e a t e r
Î

g e r m in a t io n  a t  35®C th a n  20®C in  t h e  d a r k .  T h a t  g e r m in a t io n  o f  i n t a c t  

u n c h i l l e d  achenes  was e x p re s s e d  when t h e  t i p s  o f  a c h en e s  were c u t  o f f  o r  i

when p e r i c a r p  was c a r e f u l l y  rem oved, and n o t  when p u n c tu re d  a t  20®C in  t h e  t

d a rk ,  m ight s u g g e s t  t h a t  achenes* m e ta b o lism  a t  20°C was n o t  enhanced
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s u f f i c i e n t l y  to  overcome t h e  c o n s t r a i n t  imposed by t h e  p r e s e n c e  o f  p e r i c a r p  

in  c o n t r a s t  t o  35°C t e m p e r a tu r e .  T ha t se ed s  ( w i th o u t  p e r i c a r p )  g e rm in a te d
'i l

when i n c u b a te d  i n  t h e i r  p e r i c a r p  m igh t r u l e  o u t  t h e  p o s s i b i l i t y  o f  w a te r

s o l u b l e  i n h i b i t o r s  p r e v e n t in g  g e r m in a t io n  even i f  p r e s e n t .  I:
1;

The p e r i c a r p  does n o t  a p p e a r  t o  p r e v e n t  w a te r  u p t a k e  b e c a u s e  w a te r  u p t a k e  è
I

o f  t h e  i n t a c t  achenes  was com parab le  t o  t h e  w a te r  u p ta k e  achenes  in  which
s

t h e  t i p  had been c u t  o f f ,  b e a r in g  i n  mind t h a t  r a d i c l e  p r o t r u s i o n  was o b s e rv e d  i|>

a t  t h e  16h o f  i m b i b i t i o n .  Thus, t h e  s t i m u l a t i o n  o f  g e r m in a t io n  by p u n c tu r in g  

c a n n o t  b e  c o n s id e r e d  to  r e s u l t  from w a te r  u p ta k e .

The o b s e r v a t i o n s  o f  Hammerton (1 9 6 7 ) ,  J u s t i c e  (1 9 4 1 ) ,  Ransom (1 9 3 5 ) ,  ;f

and S t a n i f o r t h  and C ave rs  (1979b) t h a t  s c a r i f i c a t i o n  t r e a t m e n t s  such  a s  

p e r i c a r p  re m o v a l ,  a b r a s i o n  w i th  s a n d p a p e r ,  d id  n o t  prom ote  g e r m in a t io n ,  a r e
A;

i n  c o n t r a s t  t o  t h e  r e s u l t s  r e p o r t e d  h e r e ,  w hich i n d i c a t e d  t h a t  dormancy m ig h t  

be a f u n c t i o n  o f  t h e  p e r i c a r p ,  and in  agreem en t w i t h  Timson (1965) and D a lc i  

(1 9 7 5 ) .  The i n n a t e  dormancy i s  n o t  em bryonic i n  n a t u r e  b u t  may be a s s o c i a t e d  

w i th  t h e  p r e s e n c e  o f  t h e  p e r i c a r p .
I

I f  dormancy i s  s o l e l y  a p r o p e r t y  o f  t h e  p e r i c a r p ,  t h e n  chem ica l  t r e a t -  

m ents  t h a t  p o s s e s s  s c a r i f i c a t i o n  e f f e c t s  s h o u ld  s t i m u l a t e  g e r m in a t io n .

However, t r e a t m e n t s  w i th  Ca(C10)2 e i t h e r  b e f o r e  o r  a f t e r  20®C d a rk  i m b i b i t i o n  

had  no e f f e c t .  Even when achenes  were g e rm in a te d  i n  Ca(C10)„ w i t h o u t  p r i o r

Ii m b i b i t i o n ,  g e r m in a t io n  was n o t  a f f e c t e d .

The r e s u l t s  o f  t r e a t m e n t  i n  H„0„ showed t h a t  H^0„ i s  a b l e  t o  b r e a k  t h eI I  I I  y

dormancy o f  P. p e r s i c a r i a  b e c a u s e  s i g n i f i c a n t  s t i m u l a t i o n  o f  g e rm in a t io n  was 

o b ta in e d  w i th  t h i s  t r e a t m e n t .  However, t h e  e f f e c t  depended  on th e  t im e  o f  j |

a p p l i c a t i o n  ( e i t h e r  exposed  c o n t i n u o u s ly  o r  f o r  a s h o r t  p e r i o d ) ,  and o f  c o u rs e
S

depended on t h e  c o n c e n t r a t i o n s .  High c o n c e n t r a t i o n s  (15 volume *
. I:

above) a r e  i n h i b i t o r y  i f  achenes  a r e  k ep t  c o n t in u o u s ly  i n  t h e  p re s e n c e  o f  

H^Og, b u t  when exposed t o  H2 O2  f o r  24h , g e r m in a t io n  was g r e a t l y  enhanced even •

a t  h ig h  c o n c e n t r a t i o n s .  The mechanism o f  H2 O2  a c t i o n  m igh t be p u r e l y  due to

ch em ica l  s c a r i f i c a t i o n ,  b e c a u s e  i t  i s  a s t r o n g  o x i d i s i n g  a g e n t .  Indeed , 

c o n c e n t r a t i o n s  from  15 volume removed t h e  c o lo u r  from t h e  p e r i c a r p ,  which 1
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t u r n e d  y e l l o w i s h .  T ip s  o f  a c h en e s  opened up and s w e l le d  w h i l e  t h e  achenes  

t h a t  g e rm in a te d  had m alform ed and s t u n t e d  s e e d l i n g s ,  e s p e c i a l l y  when 

g e r m in a t io n  was a l lo w e d  t o  t a k e  p l a c e  i n  t h e  p r e s e n c e  o f  H^O^. The 

p o s s i b i l i t y  t h a t  m ig h t  c a u se  o x i d a t i o n  o f  i n h i b i t o r y  s u b s ta n c e s  p r e s e n t

in  t h e  p e r i c a r p  seems u n l i k e l y  b e c a u s e  c u t t i n g  a sm all  t i p  o f f  t h e  a c h e n e s ,  

o r  even  p u n c tu r i n g ,  r e s u l t s  i n  h ig h  g e r m i n a t io n .  A p p a r e n t ly ,  even i f  

i n h i b i t o r s  a r e  p r e s e n t ,  t h e y  do n o t  a p p e a r  t o  p la y  a r o l e  in  t h e  g e r m in a t io n  

and dormancy o f  P .  p e r s i c a r i a .

The view t h a t  H2 O2  a l s o  f u n c t i o n  to  prom ote g e rm in a t io n  th ro u g h  

p h y s i o l o g i c a l  means a s  s p e c u l a t e d  by H e n d r ic k s  and T a y lo rs o n  (1972) and 

R o b e r ts  (1 9 7 3 ) ,  was a l s o  i n v e s t i g a t e d  i n d i r e c t l y .

When t h e  achenes  were t r e a t e d  w i t h  KNÔ  g e rm in a t io n  was n o t  s u b s t a n t i a l l y  

p ro m o te d ,  and 100 mM t r e a tm e n t  i n h i b i t e d  com ple te  g e r m i n a t io n .  However, 

t r e a t m e n t  w i th  KNOg prom oted  s i g n i f i c a n t  g e rm in a t io n  i r r e s p e c t i v e  o f  t h e  tim e  

o f  a p p l i c a t i o n  i n  c o n t r a s t  t o  KNO^. The mechanism by w hich  n i t r i t e  promoted 

g e r m in a t io n  i s  n o t  u n d e r s to o d  i f  H en d r ick s  and T a y l o r s o n 's  (1972) h y p o th e s i s  

t h a t  p ro m o tio n  i s  th ro u g h  c a t a l a s e  i n h i b i t i o n  o r  a c t i n g  as  an  e l e c t r o n  a c c e p t o r ,  

h e n c e  p rom oting  P e n to s e  P h ospha te  pathw ay a c t i v i t y  ( R o b e r t s ,  1973) ,  a r e  t o  be 

c o n s id e r e d .  The o b s e r v a t i o n s  t h a t  t r e a tm e n t s  w i th  NH^Cl.OH o r  CS(NH2 ) 2  

f a i l e d  t o  s t i m u l a t e  g e r m in a t io n  i r r e s p e c t i v e  o f  t h e  a p p l i c a t i o n  t im e ,  a rg u e  

a g a i n s t  t h e  above h y p o th e s& a . G e rm in a t io n  i n  t h e  p r e s e n c e  o f  t h e s e  c h e m ic a ls ,  

e s p e c i a l l y  a t  h ig h  c o n c e n t r a t i o n s  (10 o r  100 mM) o f  NH^Cl,0H o r  CS(NH2 ) 2  ̂

removed th e  c o lo u r  o f  t h e  p e r i c a r p  which tu r n e d  b ro w n ish ;  achenes  had  t h e i r  

t i p s  s p l i t  open w h i le  s e e d l i n g s  w ere  s tu n t e d  and m alfo rm ed . These o b s e r ­

v a t i o n s  te n d  t o  s u p p o r t  t h e  v iew  t h a t  t h e s e  c h e m ic a ls  may f u n c t i o n  th ro u g h  

t h e i r  s c a r i f i c a t i o n  a c t i o n ,  b u t  a r e  i n h i b i t o r y  t o  g row th  p r o c e s s e s  r a t h e r  

t h a n  g e rm in a t io n  s e n su  s t r i c t o . However, t h e  p ro m o tiv e  e f f e c t  o f  KNOg c anno t  

be e x p la in e d  th ro u g h  a s c a r i f i c a t i o n  e f f e c t .  G e rm in a t io n  o f  ach en es  t r e a t e d  

w i th  d i f f e r e n t  c o n c e n t r a t i o n s  o f  NaCN a f t e r  im b i b i t i o n  in  w a te r  a t  20°C in  

th e  d a r k ,  o r  g e rm in a te d  im m ed ia te ly  i n  NaCN, were e s s e n t i a l l y  s i m i l a r  and n o t  

s i g n i f i c a n t l y  d i f f e r e n t .  M oreover, t r e a t m e n t s  i n  w hich  a c h en e s  were exposed
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t o  NaCN f o r  24h a t  20®C in  th e  d a r k  p r i o r  t o  g e r m in a t io n  d e c r e a s e d  p e r c e n ta g e  

g e rm in a t io n  s i g n i f i c a n t l y .  T re a tm e n ts  i n  which a c h en e s  were k e p t  in  d i f f e r e n t

c o n c e n t r a t i o n s  o f  NaN- were s i m i l a r  a l th o u g h  th e  i n c r e a s e  when compared to  th e  

c o n t r o l ,  was s i g n i f i c a n t  a t  t h e  5 p e r c e n t  l e v e l .  However, g e rm in a t io n  in  

t h e  p r e s e n c e  o f  NaN^ (0 t o  0 .5  mM c o n c e n t r a t i o n s )  e i t h e r  b e f o r e  o r  w i th o u t  

p r i o r  i m b i b i t i o n  i n  w a te r  a t  20®C in  t h e  d a rk  f o r  24h, gave  com parab le

’

g e r m i n a t io n .  T here  was no s i g n i f i c a n c e  amongst t r e a t m e n t s .  W ith an i n c r e a s e  

i n  NaN- c o n c e n t r a t i o n  from 1 mM t o  10 mM, g e r m in a t io n  was c o m p le te ly  i n h i b i t e d .

The mechanism o f  p ro m o t io n  o f  g e r m in a t io n  a s c r i b e d  t o  NaCN and NaN-, i . e .  

i n h i b i t i o n  o f  cy tochrom e o x i d a s e ,  th u s  p rom o ting  t h e  P e n to s e  P h o sp h a te  pathway 

o r  A l t e r n a t e  p a th  i n  dorm ant s e e d s ,  m igh t  n o t  be u n i v e r s a l  b e c a u s e  t h e  

g e r m in a t io n  o f  u n c h i l l e d  achenes  o f  P . p e r s i c a r i a  was n o t  s t i m u l a t e d  by e i t h e r  

NaCN o r  NaN^. In d e e d ,  t r e a t m e n t s  w i th  NaN^ s p l i t  open t h e  t i p  o f  t h e  achenes  

w i th  i n h i b i t i o n  o f  r a d i c l e  e x t e n s i o n ,  w hich  m igh t s u g g e s t  i n h i b i t i o n  o f  g row th  

r a t h e r  t h a n  any in v o lv e m e n t  in  g e r m in a t io n  sen su  s t r i c t o .

The view t h a t  dormancy m igh t be m a in ta in e d  by t h e  p e r i c a r p  p r e v e n t in g  t h e
,

e n t r y  o f  m e t a b o l i c a l l y  a c t i v e  g a s e s  l i k e  0^ and CO^ c o u ld  n o t  be a c c e p te d .

The p e r c e n ta g e  g e r m in a t io n  o f  ach en es  g e rm in a te d  in  d i f f e r e n t  oxygen  o r  c a rb o n  

d i o x id e  e n v iro n m en ts  was com parab le  t o  t h e  a i r  t r e a t m e n t .  This  i n d i c a t e s  

t h a t  even though  t h e  p e r i c a r p  m igh t r e d u c e  g a seo u s  exch an g e ,  t h i s  i s  n o t  t h e  

p r im a ry  c a u se  o f  dorm ancy. One can i n f e r  from t h e  above r e s u l t s  t h a t  even 

i f  H^O^ a c t s  by p r o v id in g  oxygen , s t i m u l a t i o n  o f  g e r m in a t io n  was n o t  as  a 

r e s u l t  o f  i t . Ransom (1935) r e p o r t e d  t h a t  th e  r a t e  o f  r e s p i r a t i o n  i n  t h e  

se ed s  o f  P o ly g o n aceae  w i th  f r u i t  c o a t  removed i s  h ig h e r  t h a n  th o s e  w i t h  c o a t s  

i n t a c t ,  and s u g g e s te d  g r e a t e r  oxygen a v a i l a b i l i t y .  S to ra g e  i n  c e r t a i n  oxygen 

and c a rb o n  d io x id e  c o n c e n t r a t i o n s ,  w h i le  p ro m o tin g  t h e  g e rm in a t io n  o f  o t h e r  

Polygonum s p e c i e s ,  has  no e f f e c t  on  P. p e r s i c a r i a  ( J u s t i c e ,  1941 ) .  N ever­

t h e l e s s ,  t h e  p o s s i b i l i t y  t h a t  t h e  p e r i c a r p  m ight r e t a r d  t h e  d i f f u s i o n  o f  g ases  

t o  t h e  embryo s t i l l  e x i s t s .

As r e p o r t e d  in  t h e  G ene ra l  I n t r o d u c t i o n ,  page  2 , P. p e r s i c a r i a  f l o u r i s h e s  

b e s t  in  a r e a s  w i th  p l e n t i f u l  s u p p ly  o f  w a t e r ,  m o s t ly  i n  w a te r lo g g e d  p e a t  and



mud s o i l s .  S i m i l a r  h a b i t a t s  h av e  a l s o  b e e n  o b se rv e d  d u r in g  t h e  c o u r s e  o f  

t h i s  s t u d y .  Such p o o r  h a b i t a t s  a r e  l i k e l y  to  be d e f i c i e n t  in  oxygen , and 

t h i s  c o u ld  im ply  t h a t  oxygen t e n s i o n  may n o t  be a f a c t o r  i n  c o n t r o l l i n g  

do rm ancy .
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CHAPTER 4

ROLE OF TEMPERATURE AND LIGHT ON THE GERMINATION OF UNCHILLED ACHENES

INTRODUCTION
:

'j'i
I t  has  been  r e p o r t e d  t h a t  a c h e n e s  o f  P. p e r s i c a r i a  w i l l  n o t  g e rm in a te  

and f a i l  to  r e s p o n d  to  l i g h t  when k e p t  a t  c o n s t a n t  t e m p e ra tu re s  (Bayer and  

B u c h o l tz ,  1957; J u s t i c e ,  1941; and S t a n i f o r t h  and C a v e rs ,  1979b ) .

Even when exposed to  a l t e r n a t i n g  t e m p e r a tu r e  reg im es  o f  25'^C/10°C, 

30°C/15*C, 35°C/20®C w i th  14h l i g h t  a t  t h e  h i g h e r  t e m p e ra tu re  and lOh d a rk  

a t  th e  lo w e r ,  g e r m in a t io n  o f  a c h en e s  was n o t  induced  ( S t a n i f o r t h  and  C a v e rs ,  

1979b). A lso  Bayer and B u c h o l tz  (1957) o b se rv e d  no marked b e n e f i t  i n  

g e r m in a t io n  from a l t e r n a t i n g  t e m p e r a t u r e s .  However, Thompson, Grime and 

Mason (1977) n o te d  t h a t  P. p e r s i c a r i a  re sp o n d e d  to  a l t e r n a t i n g  t e m p e r a tu r e  

w ith  a  t e m p e ra tu re  d i f f e r e n t i a l  o f  a b o u t  8°C. V in c e n t  and R o b e r ts  (1977) 

r e p o r t e d  p o s i t i v e  i n t e r a c t i o n  be tw een  a l t e r n a t i n g  t e m p e r a tu r e  o f  25*C (8 h ) /

1°C (16h) o r  I'^C (8 h ) /2 5 °C  (16h) i n  a  24h d i u r n a l  c y c l e  w i th  l i g h t  o r  n i t r a t e .  

They o b se rv e d  t h a t  g e r m in a t io n  was g r e a t e r  when th e  t h r e e  f a c t o r s  were 

com bined , and even g r e a t e s t  when c h i l l i n g  t r e a tm e n t  was i n c lu d e d .  They 

c o n c lu d e d  t h a t  one f a c t o r  ca n n o t  be  r e g a r d e d  a s  s u b s t i t u t i n g  f o r  any o f  t h e  

o t h e r  f a c t o r s  b e c au se  p o s i t i v e  i n t e r a c t i o n s  were d e m o n s t ra te d  betw een p a i r s  

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

and n i t r a t e ,  may n o t  have  p r e c i s e l y  t h e  same p h y s i o l o g i c a l  e f f e c t .

The e f f e c t  o f  l i g h t  in  s t i m u l a t i n g  th e  g e rm in a t io n  o f  b u r i e d  s e e d s ,  

i n c l u d in g  t h a t  o f  Polygonum p e r s i c a r i a  (Wesson and W areing, 1969 ) ,  can n o t  be  

u n d e r e s t im a te d .  A ls o ,  o t h e r  e n v iro n m e n ta l  f a c t o r s  a s s o c i a t e d  w i th  s o i l  l i k e  

a l t e r n a t i n g  t e m p e r a tu r e  and n i t r a t e  i n t e r a c t  w i th  l i g h t  to  prom ote th e  

g e rm in a t io n  o f  b u r i e d  s e e d s  (V in cen t  and R o b e r ts ,  1977). As w e l l  a s  t h e s e  

f a c t o r s  which have  been  c o n s id e r e d ,  s o i l  oxygen t e n s i o n  may a l s o  be in v o lv e d  

in  th e  e x p re s s io n  o f  g e r m in a t io n  o f  weed s p e c i e s  l i k e  P. p e r s i c a r i a  when 

a c h en e s  a r e  exposed a f t e r  b u r i a l .

In  th e  V in c e n t  and R o b e r ts  (1977) r e p o r t  n o ted  abov e , one component o f
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t e m p e ra tu re  reg im e u sed  was l^C . T h is  t e m p e ra tu re  m igh t a l s o  a c t  as a 

c h i l l i n g  t e m p e ra tu re  r a t h e r  th a n  s o l e l y  as an  a l t e r n a t i n g  t e m p e ra tu re .

In d eed ,  V in c e n t  and R o b e r ts  (1979) r e p o r t e d  t h a t  14 o r  28 days l^̂ C p r e t r e a t m e n t  

prom oted g e rm in a t io n  and e i t h e r  p e r io d  had a s i m i l a r  e f f e c t  in  Polygonum 

p e r s i c a r i a . Of c o u r s e ,  i t  sh o u ld  be e x p e c te d  t h a t  t h e  c u m u la t iv e  e f f e c t  

o f  20 such  25°.C ( 8 h ) / l ° C  (16h) c y c le s  would p e rh a p s  s u b s t i t u t e  f o r  c o n t in u o u s  

s t r a t i f i c a t i o n ,  th e n  f o l lo w e d  by t r a n s f e r  to  h ig h e r  t e m p e r a tu r e .  A lso ,  th e  

e f f e c t  o f  l i g h t  was n o t  q u a n t i f i e d .  L igh t was g iv e n  when th e  i n c u b a t o r s  

were opened a t  th e  b e g in n in g  and a t  t h e  end of t h e  d a y ,  d u r in g  th e  t r a n s f e r  

from one c y c le  to  a n o th e r .

In  t h e  e x p e r im e n ts  c a r r i e d  o u t  h e r e ,  t h e  e f f e c t s  o f  d i f f e r e n t  e n v i r o n ­

m en ta l  f a c t o r s  on u n c h i l l e d  ach en es  w ere  i n v e s t i g a t e d  i n  te rm s o f  c o n s t a n t  

and a l t e r n a t i n g  t e m p e r a tu r e s ;  p h o to p e r io d ;  and r e d  (R) and  f a r  r e d  (PR) 

e x p o su re s .

MATERIALS AND METHODS

The achenes  u se d  f o r  t h e  e x p e r im e n ts  w ere  c o l l e c t e d ,  c l e a n e d  and s t o r e d  

a s  d e s c r ib e d  in  t h e  G e n e ra l  M a t e r i a l s  and M ethods.

The v a r i o u s  t r e a t m e n t s  such  as  r e d  l i g h t  i r r a d i a t i o n ,  f l u o r e s c e n t  l i g h t  

i l l u m i n a t i o n ,  p r e p a r a t i o n  o f  a c h en e s  f o r  i n c u b a t io n ,  and g e rm in a t io n  c o u n ts  

w ere c a r r i e d  o u t  u n d e r  a g re e n K sd f^ T ig h t  i n  th e  dark  room as  d e s c r ib e d  on 

pages  33 and  34.

T em pera tu re  s h i f t s  and a l t e r n a t i n g  t e m p e ra tu re  t r e a t m e n t s  were c a r r i e d  

o u t  by hav ing  t h e  i n i t i a l  i m b i b i t i o n  a t  t h e  low er  t e m p e ra tu re  ( u n l e s s  o th e r w i s e  

s t a t e d )  f o r  t h e  s e t  t im e ,  th e n  t r a n s f e r r i n g  to  t h e  u p p e r  t e m p e r a tu r e  in  a 24h 

d i u r n a l  c y c l e .  For exam ple, t e m p e r a tu r e  c y c l i n g  o f  20°C (16h)/35®C (8h) 

i n d i c a t e s  t h a t  a f t e r  d a rk  i m b i b i t i o n  a t  th e  lower t e m p e r a tu r e  o f  20°C, a c h e n e s  

were t r a n s f e r r e d  t o  35°C f o r  a d u r a t i o n  o f  Sh i n  t h e  d a r k ,  th e n  t r a n s f e r r e d  

back to  20°C f o r  a n o th e r  16h, and t h a t  i s  r e g a r d e d  a s  one c y c l e .  I f  r e d  (R) 

l i g h t  o r  f a r  r e d  (FR) were u s e d ,  th e  r e d  l i g h t  (R) o r  f a r  r e d  (FR) symbol i s
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i n d i c a t e d  on t h e  s h o r t  hand  r e p r e s e n t a t i o n  o f  t h e  c y c l e  w here such t r e a t m e n t s  

a r e  g iv e n .  A lso  t h e  number o f  c y c l e s  employed, t h e  l e n g th  o f  t h e  component 

p a r t s  o f  e ach  c y c l e  and  v a lu e s  o f  t h e  t e m p e r a tu r e  employed d u r in g  any  g iv e n  

c y c l e  a r e  i n d i c a t e d  in  t h e  p r e s e n t a t i o n  o f  t h e  r e s u l t s ,  e . g .  20°C (16h) R/ 

35°C (8h) d a rk .

T e m p era tu re  cyc linguJdS  c a r r i e d  o u t  by hand t r a n s f e r  from  one i n c u b a t o r  

to  a n o t h e r .  M a in ta in in g  a  c o n s t a n t  t e m p e r a tu r e  and s u b j e c t i n g  a c h en e s  to

te m p e r a tu r e  s h i f t  o r  a l t e r n a t i n g  t e m p e r a tu r e  by hand t r a n s f e r  e n s u r e s  t h a t

th e  c o r r e c t  t e m p e ra tu re s  a r e  m a in ta in e d  th ro u g h o u t  t h e  c o u r s e  o f  t h e  e x p e r im e n ts .  

However, t h e  d i s a d v a n ta g e  i s  t h a t  t h e  d e s i r e d  t e m p e r a tu r e  r e q u i r e d  may n o t  be 

a t t a i n e d  a t  t h e  h i g h e r  t e m p e r a tu r e  p a r t  o f  t h e  c y c le  i f  v e ry  s h o r t  t e m p e ra tu re  

s h i f t s  o r  shocks  a r e  employed b e f o r e  t r a n s f e r  back t o  t h e  low er t e m p e r a tu r e .

H ence, t h e  t im e  s p e n t  and t h e  v a l u e  o f  t h e  t e m p e r a tu r e  a t t a i n e d  m a in ly  a t  th e

h ig h e r  t e m p e ra tu re  p a r t  o f  t h e  c y c le  may b e  c o n s id e r a b l y  l e s s  th a n  t h e  s t a t e d  

t r e a tm e n t  i t s e l f .

RESULTS

C o n s ta n t  T em pera tu re

G e rm in a t io n  o f  u n c h i l i e d  a c h en e s  o f  P. p e r s i c a r i a  a t  c o n s t a n t  te m p e ra ­

t u r e s  o n ly  o c c u r r e d  a t  h ig h  t e m p e r a tu r e  o f  35®C (T ab le  4 . 1 ) .  G e rm in a t io n  

in  t h e  l i g h t  a t  t h i s  t e m p e r a tu r e  was s i g n i f i c a n t l y  h ig h e r  (p < 0 .0 0 1 ) .

However, t h e  t o t a l  p e r c e n ta g e  g e r m in a t io n  u n d e r  c o n t in u o u s  l i g h t  t r e a tm e n t  

was l e s s  t h a n  50 p e r c e n t  (T a b le  4 . 1 ) .

T em pera tu re  S h i f t s

Achenes g e rm in a te d  a t  20®C (d a rk )  a f t e r  b e in g  s u b je c t e d  to  t e m p e ra tu re  

s h i f t s  to  35®C f o r  Ih  t o  4h behaved  as though  th e y  were k e p t  a t  c o n s ta n t  20°C, 

i . e .  d id  n o t  g e rm in a te  (T ab le  4 , 2 ) .  When t h e  t e m p e ra tu re  s h i f t  to  h ig h  

t e m p e ra tu re  was e x te n d e d  to  8h and t h e  t e m p e r a tu r e  reg im e o f  20*C (16h) D/
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35°C (8h) D r e p e a t e d  f o r  3 c y c l e s ,  t h e r e  was s l i g h t  g e r m in a t io n ,  i n c r e a s i n g

w i th  t h e  number o f  c y c l e s  (T a b le  4 . 3 ,  n o s .  5 ,7  and 1 0 ) .  I f  Red (R) was

i n c o r p o r a t e d  i n t o  t h e  t e m p e r a t u r e  s h i f t s ,  t h e n  g e r m in a t io n  was f u r t h e r

enhanced  (T ab le  4 . 3 ,  n o s .  6 ,8  and 1 1 ) .  P e r c e n ta g e  g e r m in a t io n  was im proved

i f  t h e  ach en es  w ere  i r r a d i a t e d  w i th  r e d  l i g h t  (R) b e f o r e  t r a n s f e r  to  c o n s t a n t

35°C (d a rk )  (T a b le  4 . 3 ,  n o s .  4) i n  c o n t r a s t  to  n o n - i r r a d i a t e d  a c h e n e s .  W hile

one su c h  s h i f t  w i th  i r r a d i a t i o n  gave  some i n c r e a s e  in  g e r m i n a t io n ,  two s h i f t s

were s t i m u l a t o r y  and t h r e e  s h i f t s  w i th  R gave  g r e a t e s t  s t i m u l a t i o n  and t h e s e

a r e  s i g n i f i c a n t l y  d i f f e r e n t  from e a ch  o t h e r  (T a b le  4 . 3 ,  n o s .  6 ,8  and  13; and 
2

T a b le  4 .3  x t e s t ,  n o s .  5, 2 and 7 ) .

I t  seems t h a t  a  s i n g l e  t e m p e r a tu r e  s h i f t  does n o t  c o m p le te ly  b r e a k  

dorm ancy, b u t  g e rm in a t io n  i s  s l i g h t l y  p rom oted  when t h e  l e n g t h  o f  t h e  s h i f t  

a t  h ig h  t e m p e r a tu r e  was i n c r e a s e d  to  8h compared to  1, 2 , o r  4h. Though 

s u b s t a n t i a l  g e r m in a t io n  was on ly  o b s e rv e d  when t h e  8h s h i f t  i s  c o u p le d  w i th  

R l i g h t  exposu re  and r e p e a t e d  t h r e e  t im e s .  N e v e r th e le s s ,  dormancy was. n o t  

c o m p le te ly  b ro k e n ,  o n ly  58 p e r c e n t  g e r m in a t io n  u n d e r  t h e  m ost f a v o u r a b le  

c o n d i t i o n s  employed v i z .  3 c y c l e s  o f  20°C (16h) R/SS'^C (8h) D i n  a 24h d i u r n a l  

c y c l e  (T ab le  4 . 3 ,  n o . 1 3 ) .  These r e s u l t s  do i n d i c a t e  t h a t  r a t h e r  th a n  a  s h o r t  

t a n p e r a t u r e  s h i f t ,  t e m p e r a t u r e  a l t e r n a t i o n s  i n v o lv in g  lo n g e r  p e r i o d s  a t  th e  

upper t e m p e r a tu r e  p a r t  o f  t h e  c y c l e  and many c y c le s  m igh t  be p ro m o t iv e .

A l t e r n a t i n g  T em pera tu res

The r e s u l t s  from e x pos ing  a c h e n e s  to  a  s e r i e s  o f  d i f f e r e n t  t e m p e ra tu re  

r e g im es  showed t h a t  u n c h i l l e d  a c h en e s  d e m o n s t ra te d  a r e q u i r e m e n t  f o r  an  

a l t e r n a t i n g  t e m p e r a tu r e  ( F ig u r e  4 . 1 ,  a  and b ) . I t  i s  w orth  em p h as is in g  t h a t

a l t e r n a t i n g  t e m p e r a t u r e s ,  e x c e p t  w here t h e  v a lu e  o f  t h e  u p p e r  t e m p e ra tu re  i s  

35°C ( F ig u re  4 . 1 ,  a$b; n o s .  4 ,8 ,1 1 ^ 1 3 )  f a i l e d  to  s t i m u l a t e  g e r m in a t io n  bo th  

i n  8h o r  16h reg im es  in  a 24h d i u r n a l  c y c l e .  I t  c o u ld  be a rg u e d  t h a t  

a m p l i tu d e  by i t s e l f  i s  n o t  t h e  f a c t o r  c o n t r o l l i n g  g e rm in a t io n  b e c au se  even 

when th e  d i f f e r e n c e  between th e  low er and uppe r  t e m p e r a tu r e s  i s  20°C, e .g .  

5°C/2S°C r e g im e ,  g e rm in a t io n  was v e ry  po o r  ( l e s s  th a n  10 p e r c e n t )  e i t h e r  i n



Table  4 . 1 . The p e rc e n ta g e  g e rm in a t io n  o f  u n c h i l l e d  achenes a t  c ons tan t
t em pera tu res  e i t h e r  i n  con t inuous  l i g h t  or  d a rkness .

Germination scored a f t e r  14 d a y s .

G e rm in a t io n  
T e m p era tu re  

i n  °C R e p l i c a t e s

Dark
t

P e r c e n ta g e  G e rm in a t io n

L ig h t

Mean R e p l i c a t e s Mean

15 0 0 0 0 0 0

20 0 2 1 0 2 1

25 0 0 0 1 1 1

35 18 23 20 .5 49 44 4 6 .5

t 100 achenes  i n  10ml o f  d i s t i l l e d  w a t e r .

2A n a ly s i s  o f  R e s u l t s  - C o n t in g en c y  x (C h i - s q u a re d ) :

2S ource  x P S i g n i f i c a n t  l e v e l

35°C : Dark vs l i g h t 15 .1723 p < 0 .001 * **

T a b le  4 . 2 .  The mean p e r c e n ta g e  g e rm in a t io n  o f  u n c h i l l e d  a c h en e s  i n i t i a l l y  
exposed  to  w a te r  f o r  d i f f e r e n t  p e r i o d s  a t  20°C ( d a r k ) ,  and 
s u b je c t e d  to  a  t e m p e r a tu r e  s h i f t  a t  35°C f o r  1 ,2  o r  4h, th en  
t r a n s f e r r e d  back  to  20°C in  th e  da rk  f o r  g e rm in a t io n .
Counted a f t e r  14 d a y s .

P e r c e n ta g e  G erm in a tio n  
Ih  e x p o su re  2h e xposu re  4h exposure
a t  35°C (D)* a t  35*C (D) a t  35°C (D)

R e p l i c a t e s t  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean

I m b i b i t i o n  
Time a t  20°C 
(d a rk )  i n  h

4 0 0 0 0 0 0 0 0 3 0 2 1 .66

16 0 2 0 0.66 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 3 1 1.33

24 0 1 0 0 .66 0 0 0 0 3 1 0 1 .33

48 0 0 1 0.66 0 0 0 0 0 0 0 0

72 0 0 0 0 0 0 0 0 0 0 0 0

* D
t

D arkness

50 a c h en e s  p e r  r e p l i c a t e ,  i n  2m 1 o f  d i s t i l l e d  w a te r .
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T a b le  4 . 5 . The mean p e r c e n ta g e  g e rm in a t io n  o f  u n c h i l l e d  a c h e n e s  i n i t i a l l y  

k e p t  in  w a te r  f o r  16h a t  20°C i n  t h e  d a r k ,  t h e n  s u b je c t e d  t o  

1, 2 o r  3 c y c le s  o f  20*C (16hj D/35 C (8h) w i th  o r  w i th o u t  

30 m in u te s  R g iv e n  a t  t h e  t r a n s i t i o n  from 20“C t o  35°C. 

G e rm in a t io n  to o k  p l a c e  a t  20°C i n  t h e  d a r k ,  and  c o u n t  s c o re d  

a f t e r  14 d a y s .

S e r i a l  C o n d i t io n s /T re a tm e n t  
No.___________T em pera tu re  °C

30 m in u te s  P e r c e n ta g e  G e rm in a t io n  
R i r r a d i a t i o n  R e p l i c a t e s _______Mean

1

2

3

4

5

6

7

8 

9

10

11

12

13

D = Darkness 

R = Red l i g h t

C o n s ta n t  20 (D)

It

35 (D)

Tt II

1 c y c l e  20(16h)D /35(8h)D

II It

2 c y c le s  20 (16h)D /35(8h)D

3 c y c l e s  20(16h)D /35(8h)D

1 X R 

1 X R 

1 X R

1 X R

2 X R

1 X R

2 X R

3 X R

0 0 

0 0

40 34 26

46 44 32

0 4 8

6 16 4

4 12 10

48 44 24

30 46  32

10 10 28

38 48 46

44 49 48

66 56 52

0

0

33 .3  

40 .7  

4 

8.4 

8 .6  

38 .6  

3 6 .0  

16 

44 

47 

58

I
I



Table  4.3

A n a ly s i s  o f  R e s u l t s  : C o n t in g en c y  x (C h i-s q u a re d )  t e s t

75

S e r i a l  
No. S ou rce X

S i g n i f i c a n t
l e v e l

35°C D ; R v s  No. R 3 .15316  p > 0 .05 N.S.

5

6

7

8 

9

10

I n c r e a s i n g  no . o f  c y c l e s  w i th o u t  R 

1 c y c l e  vs  2 c y c le s

1 c y c le  vs  3 c y c l e s

2 c y c l e s  vs  3 c y c l e s

M a in ta in in g  c o n s t a n t  c y c l e s ,  w h i le  
i n c r e a s i n g  th e  no. o f  R____________

1 c y c le  (No.R) v s  1 c y c le  (IxR)

2 c y c le s  (No.R) vs 2 c y c l e s  (IxR)

3 c y c l e s  (No.R) vs 3 c y c le s  (IxR)

2 c y c l e s  (IxR) v s  2 c y c l e s  (2xR)

3 c y c l e s  (IxR) vs  3 c y c le s  (2xR)

3 c y c l e s  (2xR) vs 3 c y c l e s  (2xR)

E f f e c t  o f  same no . o f  R, w h i le  
i n c r e a s i n g  th e  no . o f  c y c le s

4 .7 4808  0 .05>p>0.01

22.6852 p < 0 .0 0 1

6.79787 p < 0 .01

4 .74808  0 .05>p>0.01

73.0765 p < 0 .001

54.6746

0.349069

0.430151

6.84378

p < 0 .001

p > 0 .05  

p > 0 .05

p < 0.01

N.S

N.R,

11 1 c y c l e  (IxR) vs  2 c y c l e s  (IxR) 73.0765 p < 0.001 * **

12 2 c y c l e s  (IxR) vs  3 c y c le s  (IxR) 1.54646 p > 0.05 N.S.

13 2 c y c l e s  (2xR) v s  3 c y c l e s  (2xR) 7.02983 p < 0 .01 **

I
§

i
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t h e  d a rk  o r  l i g h t  (F ig u re  4 .1  a § b ;  n o . 3 ) .  The s u b s e q u e n t  e x p e r im e n ts

in v o lv e d  o n ly  reg im es  where t h e  v a lu e  o f  t h e  u p p e r  t e m p e ra tu re  i s  a t  35°C.

The a l t e r n a t i n g  t e m p e r a t u r e  r eg im es  o f  15°C/35®C w i th  an  a m p l i tu d e  o f  

20°C gave  t h e  h i g h e s t  g e r m in a t io n  ( F ig u r e  4 .2  a§b; n o . 3) and n o t  5 C/35°C 

(F ig u re  4 .2  a $b ;  n o . 1) w i t h  an a m p l i t u d e  o f  30®.

The v a lu e  o f  t h e  u p p e r  t e m p e r a t u r e  is  c r i t i c a l  and h a s  t o  be a t  35®C 

b e f o r e  any s u b s t a n t i a l  g e r m in a t io n  can o c c u r  ( F ig u re s  4 .1  a$b; and 4 .2  a§b) 

f o r  t h e  reg im es  t e s t e d .  I t  m igh t be a rg u e d  t h a t  35®C i s  t h e  m ost e s s e n t i a l  

and s i n g u l a r l y  im p o r ta n t  v a lu e  compared to  o t h e r  v a l u e s ,  and in d e p e n d e n t  o f  

t h e  v a lu e  a t  th e  low er t e m p e r a tu r e  p a r t  o f  t h e  c y c l e .  The a n a ly s e s  o f  

v a r i a n c e  f o r  F ig u re  4 .1  (page  88) d e m o n s t r a te  t h a t  t h e  h ig h  v a lu e  o f  F v a lu e  

(149 .6 1 9 )  compared to  F v a lu e  (1 4 .5 1 8 2 )  o f  F i g u r e  4 .2  (page 90) f o r  t e m p e ra ­

t u r e  r e g im es  i n d i c a t e s  t h e  d e g re e  o f  im p o r ta n c e  o f  e x p o s u re  t o  35®C s i n c e  

t h e  c o n t r i b u t i o n  t o  F i n  F ig u re  4 .1  i s  due t o  t h e  s u b s t a n t i a l  d i f f e r e n c e  

between g e rm in a t io n  a t  a h ig h  o f  35°C and a h igh  which i s  n o t  35®C.

As t h e  v a lu e  o f  t h e  low er  t e m p e r a t u r e  p a r t  o f  t h e  c y c l e  i n c r e a s e s  from 

5®C to  15°C, p e r c e n ta g e  g e r m in a t io n  a l s o  i n c r e a s e s  (F ig u r e  4 .2  a ^ b ) , and 

t h i s  i s  more p ronounced  i n  t h e  d a rk  t r e a t m e n t s  compared t o  t h e  l i g h t  t r e a t ­

m e n ts .  However, g e r m in a t io n  was o b s e rv e d  t o  d e c r e a s e  when t h e  v a lu e  o f  t h e  

low er t e m p e ra tu re  i n c r e a s e d  t o  20®C ( F ig u r e  4 .2  a&B; n o . 4 ) .  T re a tm e n ts  

hav ing  15®C a t  t h e  low er t e m p e r a tu r e  p a r t  o f  th e  c y c le  a r e  most s t i m u l a t o r y  

and gave t h e  h i g h e s t  g e r m in a t io n .

The d u r a t i o n  o f  t h e  p e r i o d  s p e n t  a t  t h e  u p p e r  t e m p e r a tu r e  i s  c e r t a i n l y  

p ro m o t iv e .  An i n c r e a s e  i n  t h e  p e r i o d  s p e n t  a t  t h e  u p p e r  t e m p e r a tu r e  from 

8h t o  16h i n c r e a s e s  g e r m in a t io n  c o r r e s p o n d in g l y  i n  b o th  d a rk  and l i g h t  

(F ig u re  4 .2  a ^ b ) .

G erm in a t io n  was enhanced i n  b o th  t h e  8h and 1 6h l i g h t  t r e a t m e n t s ,  b u t  

t h e  16h l i g h t  t r e a tm e n t s  gave t h e  g r e a t e r  r e s p o n s e .  From t h e  v a lu e s  f o r  

Fj^, i t  would seem t h a t  l i g h t  i s  o f  g r e a t e r  im p o r ta n c e  t h a n  t e m p e r a tu r e  in  

p rom oting  g e r m in a t io n  o f  ach en es  ( F ig u r e  4 .2  A n a ly s is  o f  V a r ia n c e ,  page  9 0 ) .

P e r c e n ta g e  g e r m in a t io n  f o r  t h e  l i g h t  t r e a t m e n t s  was b e t t e r  th a n  th e



c o n t r o l s ,  i . e .  c o n s t a n t  l i g h t  o r  d a rk ;  8h o r  16h p h o to p e r io d  a t  35°C c o n s t a n t  

(F ig u re  4 .2  a ^ b ) .
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R ate  o f  W arm ing/Cooling |

I t  was o b s e rv e d  t h a t  th e  tim e  ta k e n  to  a t t a i n  3 5 ®C a t  t h e  upper  t e m p e r a tu r e  |-

p a r t  o f  t h e  c y c le  was a b o u t  20 m in u tes  i n  t h e  l i g h t  and about 39 m in u te s  i n  the
■■■/

d a rk ,  w h i le  th e  tim e ta k e n  to  a t t a i n  20°C a t  t h e  lo w er  t e m p e ra tu re  p a r t  o f  th e
I'

c y c le  was ab o u t  37 m in u te s .  From t h e s e  o b s e r v a t i o n s ,  i t  seems l i k e l y  t h a t  th e  %
■i

r a t e  o f  warming o r  c o o l in g  m ig h t  n o t  be a c r i t i c a l  f a c t o r  when th e  p e r i o d  s p e n t
S

a t  th e  upper  t e m p e ra tu re  p a r t  o f  th e  c y c le  i s  8h o r  16h i n  a 24h d i u r n a l  c y c l e .
' I

However, i f  s h o r t  p e r i o d ,  e . g .  I h ,  i s  s p e n t  a t  t h e  u p p e r  t e m p e ra tu re  p a r t  o f  

the  c y c le ,  th e n  th e  r a t e  o f  w a rn in g  c o u ld  be c r i t i c a l  and th e  p e r io d  s p e n t  a t  

th e  upper t e m p e ra tu re  would be c o n s i d e r a b l y  l e s s  th a n  Ih .

E f f e c t  o f  I n c r e a s e  i n  th e  D u ra t io n  o f  I l l u m i n a t i o n  ■

I
The r e s u l t s  o f  i n c r e a s i n g  t h e  d a y le n g th s  a t  c o n s ta n t  3 5 °C (F ig u r e  4 . 3 , a )  

from 4h to  20h ( i . e .  s o - c a l l e d  s h o r t  to  long  days)  showed t h a t  i n c r e a s i n g  

d a y le n g th s  d id  n o t  enhance t o t a l  p e r c e n ta g e  g e rm in a t io n  c o n s id e r a b l y .  There  #
2

i s  no s i g n i f i c a n t  d i f f e r e n c e  be tw een  8h and  16h i l l u m i n a t i o n  ( F ig u r e  4 .3  x

t e s t ,  n o . l ,  page 9 2 a ) .  However, t h e r e  i s  a s l i g h t  i n c r e a s e  in  g e rm in a t io n
%

from Oh t o  16h i l l u m i n a t i o n  and t h e r e a f t e r ,  p e rc e n ta g e  g e r m in a t io n  was f a i r l y  R
■I

c o n s t a n t  (F ig u re  4 .3 ,  a ) .  W ith  i n c r e a s i n g  d a y le n g th  a t  th e  u p p e r  t e m p e ra -  

t u r e  o f  15®C/35®C i n  a 24h d i u r n a l  c y c l e ,  maximum g e r m in a t io n  was a t t a i n e d

a t  16h and i t  d id  n o t  d i f f e r  from 20 i l l u m i n a t i o n  (F ig u r e  4 . 3 , c ) ,  b u t  was |

2 -kc o n s id e r a b l y  h i g h e r  th a n  8h i l l u m i n a t i o n .  Here, C h i - s q u a re d  (x  ) t e s t  R
? I

be tw een  8h and 16h d e m o n s t ra te d  a s i g n i f i c a n t  d i f f e r e n c e  ( F ig u re  4 . 3 ,  x ' t e s t ,  «
R

n o . 2, page 92^. An a n a l y s i s  o f  v a r i a n c e  c a r r i e d  o u t  be tw een  th e  d a y le n g th  t r e a t ­

ments  a t  c o n s t a n t  35®C and an a l t e r n a t i n g  t e m p e ra tu re  (F ig u re  4 .3 ,  a ^ c ,  page  92a) I;

d e m o n s t ra te d  a s i g n i f i c a n t  d i f f e r e n c e  w i t h  an F v a lu e  o f  33 .4619 . Also R
s
■R

s t a t i s t i c a l  i n t e r a c t i o n  w i th  an  F v a lu e  o f  47.1001 o c c u r r e d  be tw een  d a y le n g th s

and a l t e r n a t i n g  t e m p e r a tu r e .  T h is  m ig h t  a l s o  i n d i c a t e  a p h y s i o l o g i c a l  i n t e r -  | .
M
ig.-
:
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a c t i o n  f o r  a c e r t a i n  p r o p o r t i o n  o f  a c h e n e s  in  th e  p o p u l a t i o n .  The e f f e c t  o f

l i g h t  t r e a tm e n t  i s  s i g n i f i c a n t  o v e r  d a rk  t r e a tm e n t  ( F ig u re  4 .3 ,  bf^c, page 92a).

.From t h e  fo re g o in g  a c c o u n t ,  l i g h t  u n d o u b te d ly  s t i m u l a t e d  th e  g e rm in a t io n  o f

sa c h e n e s ,  and th e  d u r a t i o n  o f  i l l u m i n a t i o n  seems to  be a s i g n i f i c a n t  f a c t o r .
'I

.

E f f e c t  o f  Reduced L ig h t  I n t e n s i t y

The e f f e c t  o f  r e d u c e d  l i g h t  i n t e n s i t y  was m o n ito re d  (F ig u re  4 .4 ,  a , b , c , d  4;
:

Ge). P e r c e n ta g e  g e rm in a t io n  was s i m i l a r  be tw een  th e  40 and 100 p e r c e n t  l i g h t  y

i n t e n s i t y .  A lthough , a t  c o n t in u o u s  l i g h t  t r e a tm e n t ,  g e r m in a t io n  in  100 p e r

c e n t  i n t e n s i t y  was s i g n i f i c a n t l y  h i g h e r  a t  th e  5 p e r c e n t  l e v e l ,  o v e r  40 p e r  /

2 R:'
c e n t  l i g h t  i n t e n s i t y  ( F ig u r e  4 . 4 ,  x t e s t ,  n o . 2 ) ,  t h e s e  r e s u l t s  c a n n o t  be f

I
ta k e n  as b e in g  v e ry  s u b s t a n t i a l .  ?

E f f e c t  o f  I m b i b i t i o n  on L ig h t  Response fS

The r e s p o n s iv e n e s s  o f  t h e  achenes  t o  l i g h t  from t h e  tim e o f  o n s e t  o f  i

i m b i b i t i o n  a t  15°C (d a rk )  i n c r e a s e s  s l i g h t l y  from Oh to  48h i m b i b i t i o n  unde r

a l l  g e rm in a t io n  t e s t  c o n d i t i o n s  v i z .  35®C c o n s t a n t ,  8hD/16hL a t  35®C and

15°C (8h)/35°C  (16h) (F ig u r e  4 .5 ,  a , b , c § d ) .  But when i l l u m i n a t i o n  was n o t

g iv e n  u n t i l  a f t e r  48h from t h e  o n s e t  o f  i m b i b i t i o n  a t  15°C, l i g h t  r e s p o n s e

d e c re a s e d  c o n s id e r a b l y .  In d eed ,  th e  achenes  s h o u ld  n o t  be k e p t  imbibed a t

15°C f o r  long i f  th ey  a r e  to  re sp o n d  to  l i g h t .  The r e s p o n s iv e n e s s  o f  achenes

to  t e m p e ra tu re  a t  c o n s t a n t  35°C d a rk  o r  15°C (8h)/35®C (16h) (F ig u r e  4 . 5 ,  a§d)

in  t h e  d a rk  a f t e r  th e  o n s e t  o f  d i f f e r e n t  i m b i b i t i o n  t im e  a t  15°C fo l lo w s  a

s i m i l a r  p a t t e r n  shown by t h e  r e s p o n s e  o f  achenes  to l i g h t  (F ig u re  4 .5 ,  b § e ) .

For a l l  t h e  t r e a t m e n t s ,  th e  i l l u m i n a t e d  achenes  gave  h ig h e r  p e r c e n ta g e s  o f

g e r m in a t io n  th a n  t h a t  o f  d a rk  t r e a t m e n t s  ( F ig u r e  4 . 5 ) .  Ï*
1
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E f f e c t  o f  L igh t  g iv e n  a t  th e  Lower T em p era tu re  p a r t  o f  t h e  c y c le

In t h e  e x p e r im e n ts  d e s c r i b e d  so f a r ,  l i g h t  was g iv e n  a t  35®C. The 

e f f e c t  o f  l i g h t  a t  th e  lower t e m p e ra tu re  p a r t  o f  t h e  c y c le  was a l s o  exam ined . 

T h is  e x p e r im e n t  m igh t be c o n s id e r e d  a r t i f i c i a l  i n  r e l a t i o n  to  what a c t u a l l y  

o p e r a t e s  in  n a t u r e  ( i . e .  in  t h e  f i e l d ) ,  b e c a u se  l i g h t  i s  n o rm a l ly  a s s o c i a t e d  

w ith  h ig h  t e m p e r a tu r e s ,  i . e .  d u r in g  t h e  d ay . In t h i s  c a s e ,  achenes  were 

i n i t i a l l y  im bibed a t  th e  h i g h e r  t e m p e r a tu r e  (35®C) p a r t  o f  t h e  c y c l e  from 2h 

to  36h and t r a n s f e r r e d  to  th e  low er p a r t  o f  t h e  c y c l e  ( i . e .  20®C) f o r  8h 

d u r a t i o n  and t r a n s f e r r e d  back t o  35®C f o r  16h. The r e s u l t s  (F ig u re  4 . 6 ,  

aGb) showed t h a t  a f t e r  t h e  o n s e t  o f  i m b i b i t i o n  a t  35®C, i r r e s p e c t i v e  o f  t h e  

i m b i b i t i o n  t im e ,  achenes  g e rm in a te d  w e l l  when t r a n s f e r r e d  t o  th e  low er  

t e m p e r a tu r e  of  20°C i n  t h e  l i g h t .  I t  seems t h a t  r e s p o n s e  to  l i g h t  i s  n o t  

a s s o c i a t e d  w i th  any p a r t i c u l a r  t e m p e ra tu re  p h a s e ,  a s  long a s  a c h en e s  r e c e i v e d  

l i g h t  im m ed ia te ly  e i t h e r  a f t e r  o r  b e f o r e  35®C t e m p e r a tu r e .

E f f e c t  o f  T em p era tu re  Rhythm

The c o n c e p t  t h a t  g e r m in a t io n  m ig h t  be  m o d if ie d  by  t e m p e r a tu r e  rhy thm s, 

and  t h a t  th e  c h a r a c t e r  o f  t h e  f i r s t  t r e a tm e n t  ( i . e .  t e m p e ra tu re )  g iv e n  t o  an 

im bib ing  achene  m igh t d e te rm in e  t h e  f i n a l  r e s p o n s e  was t e s t e d .  The r e s u l t s  

( F ig u re  4 .7 )  d e m o n s t ra te  t h a t  s t a r t i n g  th e  c y c l e s  from e i t h e r  low o r  h ig h  

t e m p e ra tu re  was o f  no consequence  p r o v id in g  th e  optimum c o n d i t i o n s  f o r  

g e rm in a t io n  were g iv e n  v i z .  l i g h t ,  and 16h p e r i o d  a t  35°C. Both t h e  d u r a t i o n  

o f  i m b i b i t i o n  and th e  c y c l i c  t e m p e r a tu r e  reg im es  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t ,  and once a g a in ,  a n a l y s i s  o f  v a r i a n c e  showed l i g h t  t o  be a s i g n i f i ­

c a n t  f a c t o r  (F ig u re  4 .7 ,  page 9 8 ) .  The c o n t r o l  t r e a t m e n t s  a t  35°C c o n t in u o u s  

l i g h t  or d a r k ,  o r  a t  16h l i g h t / 8 h  d a rk  a t  35°C g e rm in a te d  l e s s  th a n  th e  

a l t e r n a t i n g  t e m p e ra tu re  t r e a t m e n t s  exposed  to  l i g h t  (F ig u re  4 , 7 ) .

From th e  f o re g o in g  e x p e r im e n t s ,  t h e r e  i s  no doub t  t h a t  l i g h t  and 

a l t e r n a t i n g  t e m p e ra tu re  p la y  a s i g n i f i c a n t  r o l e  in  p rom oting  th e  g e rm in a t io n  

of u n c h i l l e d  a c h e n e s .  The p o s s i b l e  Invo lvem ent o f  phytochrom e in  t h i s
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r e s p o n s e  was th en  examined.

PHYTOCHROME INVOLVEMENT

E f f e c t  o f  I m b i b i t io n  on Red (R) L igh t i r r a d i a t i o n  a t  20°C and 35*C (d a rk )

Achenes which were i r r a d i a t e d  w ith  30 m in u te s  r e d  a t  v a r i o u s  t im es  from 

th e  o n s e t  o f  i m b i b i t i o n  g e rm in a te d  b e t t e r  th an  th e  n o n - i r r a d i a t e d  ach en es  

(F ig u re  4 . 8 ) .  At 20°C, t h i s  e f f e c t  i s  n o t  o b s e rv a b le  (F ig u re  4 . 8 ,  a ) ,  bu t  

a t  35°C t h e  e f f e c t  i s  c l e a r  w i th  r e d  l i g h t  t r e a tm e n t  d o u b l in g  th e  p e rc e n ta g e  

g e r m in a t io n  (F ig u re  4 .8 ,  b ) . A f t e r  4h o f  I m b i b i t i o n ,  g e rm in a t io n  i n c r e a s e d ,  

and  th e  maximum r e s p o n s e  a t t a i n e d  a f t e r  16h i m b i b i t i o n ,  and th e n  th e  r e s p o n s e  

d e c r e a s in g  s l i g h t l y  to  48h i m b i b i t i o n  t r e a tm e n t  (F ig u re  4 . 8 ,  b ) . However, 

i m b i b i t i o n  t im e  was n o t  s i g n i f i c a n t  in  t h e  r e s p o n s e  o f  a c h en e s  t o  Red (R) 

t r e a tm e n t  (F ig u re  4 . 8 ,  1 f a c t o r  V a r ia n c e ,  page 1 0 0 ) .  I f  a f t e r  i r r a d i a t i o n  

th e  a c h en e s  were k e p t  a t  20°C, t h e y  d i d  n o t  g e rm in a te  ( F ig u re  4 .8 ,  a ) .  

G e rm in a t io n  was o n ly  o b s e rv e d  when a c h en e s  were t r a n s f e r r e d  t o  35®C i n  t h e  

d a rk .  Th is  im p l ie s  t h a t  th e  e f f e c t  o f  R i s  c o n d i t i o n a l  on th e  achenes  

b e in g  g e rm in a te d  a t  35°C, A lso ,  i t  i s  w orth  n o t in g  t h a t  t h i s  i r r a d i a t i o n  

d o e s  n o t  p e rm i t  co m p le te  g e r m in a t io n  s in c e  th e  p e r c e n ta g e  g e rm in a t io n  d id  n o t  

exceed  40 p e rc e n t  w h i l s t  t h e  maximal p o s s i b l e  g e rm in a t io n  o f  t h i s  b a tc h  

was a b o u t  80 p e r c e n t .

E f f e c t  o f  D i f f e r e n t  D u r a t io n  o f  Red Exposures  a t  35°C (d a rk )

That th e  r e s p o n s e  m ig h t  be a f u n c t i o n  o f  d u r a t i o n  o f  i r r a d i a t i o n  was 

t e s t e d  by expos ing  a chenes  to  r e d  l i g h t  f o r  5 ,1 0 ,2 0 ,3 0  o r  60 m in u te s  (F ig u re  

4 . 9 ) ,  These ex p o su res  r e s u l t  in  a lm o s t  equa l  g e r m in a t io n .  The d u r a t i o n  o f  

R e x p o su re  was n o t  a s i g n i f i c a n t  f a c t o r  i n  m a n i f e s t a t i o n  o f  t h e  r e d  e f f e c t  

(F ig u re  4 .9 ,  2 F a c to r  V a r ia n c e ,  page  102) . The i n c r e a s e  in  g e rm in a t io n  

compared t o  t h e  c o n t r o l  was ab o u t  20 p e r c e n t .  These r e s u l t s  m igh t  s u g g e s t  

t h a t  a b o u t  20 p e r c e n t  o f  t h e  a c h en e s  a r e  u n d e r  phytochrom e c o n t r o l .  However, 

t h i s  s p e c u l a t i o n  a w a i t s  f u r t h e r  c o n f i r m a t io n  by R/FR i r r a d i a t i o n .
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E f f e c t  o f  R, PR, R + FR and R + FR + R

An e x p e r im e n t  employing r e d  and  f a r - r e d  e x p o su re s  was c a r r i e d  o u t  to

t e s t  phytochrom e in v o lv e m e n t .  Tlie r e s u l t s  c on f irm ed  p r e v i o u s  f i n d i n g s  o f

R enhancem ent o f  g e r m in a t io n  ( F ig u r e  4 .1 0 ,  a ^ b ) ; and t h e y  a l s o  show t h a t

FR r e v e r s e s  R enhancem en t ,  b u t  FR has  no i n h i b i t o r y  e f f e c t  on a c h en e s  n o t

p r e v i o u s ly  i r r a d i a t e d ,  t h a t  i s  d a rk  g e rm in a t in g  a c h e n e s .  Achenes g iv en

th e  sequence  o f  R-FR-R behaved  in  a c l a s s i c  phytochrom e p a t t e r n  (F ig u re  4 .1 0 ,

a § b ) . The p ro m o t iv e  e f f e c t  o f  R i s  s i g n i f i c a n t  over  t h e  c o n t r o l  o r  FR

t r e a t m e n t  (F ig u re  4 .1 0  a ,  n o s .  1,3&5; 4 .1 0  b , n o s .  6 ,8 ^ 1 0 ) .  T h is  im p l ie s

t h a t  u n d e r  t h e  c o n d i t i o n s  u se d  f o r  g e r m in a t io n ,  namely 35°C dark  g e r m in a t io n ,

a p p ro x im a te ly  20 p e r c e n t  a r e  no t u n d e r  t h e  i n f l u e n c e  o f  phytochrom e c o n t r o l ,

w h i le  a n o th e r  s u b - p o p u l a t i o n ,  ab o u t  20 p e r c e n t  a r e ,  and w ith  t h e  r e s t  o f  t h e

p o p u l a t i o n  abou t 60 p e r c e n t  a r e  n o t  r e s p o n d in g  to  t h e  g iv e n  t r e a t m e n t s ,

a l th o u g h  t h e  v i a b i l i t y  t e s t  (T ab le  3 . 1 ,  page  43) would i n d i c a t e  a b o u t  80 p e r c e n t  

. . .v i a b i l i t y .  T h is  f r a c t i o n  o f  t h e  p o p u l a t i o n  t h a t  d id  n o t  g e rm in a te  was 

looked  a t  u n d e r  an a l t e r n a t i n g  t e m p e ra tu re  reg im e .

: ':g

E f f e c t  o f  I n c r e a s e d  F req u en cy  o f  R I r r a d i a t i o n
■

I t  has  been  shown t h a t  a s  long  as ex p o su re  t im e  t o  R was betw een 10 t o  

30 m in u te s ,  a p ro m o tiv e  e f f e c t  was o b se rv e d .  N e v e r th e l e s s ,  th e  view t h a t  

g e rm in a t io n  c o u ld  be  i n c r e a s e d  f u r t h e r  by su b s e q u e n t  r e in f o r c e m e n t  w i th  R 

a f t e r  ev e ry  24h a t  35*C was exam ined. The r e s u l t s  ( F ig u r e  4 .1 1 )  i l l u s t r a t e  

t h a t  a f t e r  t h e  f i r s t  R i r r a d i a t i o n ,  f u r t h e r  s e r i e s  o f  i r r a d i a t i o n  d i d  n o t  

i n c r e a s e  t h e  t o t a l  p e r c e n ta g e  g e rm in a t io n  s i g n i f i c a n t l y  (F ig u r e  4 .1 1 ,  2 F a c to r  

V a r ia n c e ,  page 106).. T h is  shows t h a t  one 30 m in u te  R e x p o su re  was e f f e c t i v e  

and m igh t i n d i c a t e  t h a t  t h i s  l i g h t  c o n t r o l  phenomenon i s  n o t  p h o t o p e r i o d i c  

in  n a t u r e .  A lso ,  t h e  view that ,  a t  c o n s t a n t  35°C, on ly  ab o u t  20 p e r c e n t  o f  

t h e  a c h en e s  respond  to  R i s  a c c e p t a b l e  and s u g g e s t s  t h a t  to  e f f e c t  a co m p le te  

g e r m in a t io n ,  th e  achenes  sh o u ld  be g e rm in a te d  in c o n d i t i o n s  o t h e r  th a n  c o n s t a n t  

35°C .

I:
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As se en  in  th e  r e s u l t s  from  p r e v io u s  e x p e r im e n ts  i n  which achenes  were 

exposed  t o  an a l t e r n a t i n g  t e m p e r a tu r e  w i th  th e  l i g h t  t r e a tm e n t  g iv e n  a t  th e  

u p p e r  t e m p e r a tu r e  p a r t  o f  t h e  c y c l e ,  t o t a l  p e rc e n ta g e  g e r m in a t io n  was 

s u b s t a n t i a l .  From F ig u re  4 .1 1  i t  can be  seen  t h a t  r e in f o r c e m e n t  o f  R l i g h t  

t r e a t m e n t s  f a i l e d  to  i n c r e a s e  g e r m in a t io n .  A ls o ,  da rk  a l t e r n a t i n g  t e m p e ra ­

t u r e  f a i l e d  to  induce  g e r m in a t io n  above 30-35 p e r c e n t .  I t  c o u ld  be a rg u e d  

t h a t  a  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  i s  r e s p o n s i v e  t o  a l t e r n a t i n g  t e m p e ra tu re  

co u p le d  w i th  l i g h t .  In  t h i s  p r o p o r t i o n ,  t h e  e x p r e s s io n  o f  g e rm in a t io n  i s  

o n ly  p o s s i b l e  when b o th  a r e  g iv e n  s im u l ta n e o u s ly  o r  i n  c o m b in a t io n .  Thus, 

i n t e r a c t i o n  be tw een  a l t e r n a t i n g  t e m p e r a tu r e  and  l i g h t  i s  t h e  key  word h e r e .

In  t h i s  r e g a r d ,  a c h en e s  were s u b je c t e d  to  1 , 3 , 6  o r  9 c y c l e s  o f  a l t e r n a t i n g

t e m p e r a t u r e s ,  w i th  a  c o r r e s p o n d in g  number o f  R t r e a t m e n t s .  The r e s u l t s

( F ig u r e  4 .1 2 )  d e m o n s t r a te d  t h a t  w h i le  1 o r  3 c y c le s  o f  o n ly  a l t e r n a t i n g

t e m p e r a t u r e s ,  o r  even 6, prom oted s l i g h t  g e r m in a t io n ,  t h e i r  c o r r e s p o n d in g

t r e a t m e n t s  w i th  R e x p o su re  enhanced  g e r m in a t io n  m ore, and were s i g n i f i c a n t l y
2

d i f f e r e n t  (F ig u re  4 .1 2  x t e s t ,  page  1 0 8 ) .  When th e  a l t e r n a t i n g  t e m p e r a tu r e  

t r e a tm e n t  i s  combined w i th  R e x p o s u re s ,  g e rm in a t io n  was s t i m u l a t e d  b u t  t h i s  

e f f e c t  re a c h e d  a maximum a f t e r  6 c y c le s  (F ig u re  4 .1 2 ) .  The f a c t  t h a t  emerges 

h e re  i s  t h a t  a l t e r n a t i n g  t e m p e r a tu r e  w i th  R i r r a d i a t e d  a t  e v e ry  t r a n s f e r  to  

35°C s t i m u l a t e d  g e r m in a t io n  more t h a n  when R t r e a t m e n t  was g iv e n  to  a c h en e s  

h e ld  a t  35*C.

T h is  e x p e r im e n t  was t a k e n  f u r t h e r  and t h e  e f f e c t  o f  R, FR i r r a d i a t i o n s  

w ere  i n v e s t i g a t e d  b e f o r e ,  a f t e r ,  and b e f o r e  and a f t e r  ev e ry  t r a n s f e r  t o  th e  

35*C p a r t  o f  t h e  c y c l e .  I t  was c a r r i e d  o u t  t o  t e s t  i f  t h e  g e rm in a t io n  o f  t h e  

p r o p o r t i o n  t h a t  r e s p o n d s  t o  a l t e r n a t i n g  t e m p e ra tu re  and l i g h t  s im u l ta n e o u s ly  

a l s o  re sp o n d  to  FR i r r a d i a t i o n .  The r e s u l t s  (F ig u re  4 .1 3 )  d e m o n s t ra te  t h a t  

w h i le  g e r m in a t io n  i s  enhanced  by R, i t  i s  a l s o  s u p p re s s e d  by FR. G e rm in a t io n  

o f  a c h en e s  s u b je c t e d  to  an a l t e r n a t i n g  t e m p e r a tu r e  i n  c o m b in a t io n  w i th  R 

i r r a d i a t i o n  was promoted r e g a r d l e s s  o f  t h e  p o i n t  o f  R i r r a d i a t i o n .  The t o t a l  

p e r c e n ta g e  g e rm in a t io n  o f  t h e s e  R t r e a tm e n t s  was c o n s id e r a b ly  h i g h e r  th a n  th e  

c o n s t a n t  35°C d a rk  g e r m in a t io n  w i th  o r  w i th o u t  R i r r a d i a t i o n ,  o r  th e  a l t e r n a t i n g
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I
r e s u l t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from R t r e a t m e n t s  ( F ig u re  4 .1 3 ,

pages  111 ^ 1 1 2 ) .  M oreover, t h e  t o t a l  p e r c e n ta g e  g e r m in a t io n  o f  th o s e  

a c h en e s  s u b j e c t e d  t o  an  a l t e r n a t i n g  t e m p e r a tu r e  c o u p le d  w i th  R were com parab le  

t o  t h e  p r e v io u s  t r e a t m e n t s  w here a l t e r n a t i n g  t e m p e r a t u r e s  a r e  co u p le d  to  

f l u o r e s c e n t  w h i t e  l i g h t .  |

The c o r r e s p o n d in g  FR t r e a tm e n t s  gave low er g e r m in a t io n  i n  c o n t r a s t  t o  R 

t r e a t m e n t s  ( F ig u re  4 . 1 3 ) .  Here a g a in ,  t h e  p o in t  o f  i r r a d i a t i o n  was o f  no 

c o n seq u e n c e ,  and g e r m in a t io n  i s  s u p p re s s e d  in  r e s p o n s e  t o  FR i r r a d i a t i o n .

The p e r c e n ta g e  g e r m in a t io n  h e r e  is  com parab le  t o  th o s e  o f  35°C c o n s t a n t  d a rk  

g e r m in a t io n  w i th  o r  w i th o u t  FR i r r a d i a t i o n ,  and t h e  r e s u l t s  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  (F ig u re  4 .1 3 ,  1 F a c to r  V a r ia n c e  b § d ) .

The r e s u l t s  o f  t h e  a l t e r n a t i n g  t e m p e ra tu re  i n  c o m b in a t io n  w i th  R t r e a t ­

m ents  were s i g n i f i c a n t l y  d i f f e r e n t  from t h e  r e s p e c t i v e  FR t r e a t m e n t s  | |

( F ig u r e  4 .1 3 ,  1 F a c to r  V a r ia n c e  C ) . The d i f f e r e n c e  i n  p e rc e n ta g e  g e rm in a t io n  

be tw een  t h e s e  t r e a t m e n t s  was a b o u t  40-50  p e r c e n t .  These  r e s u l t s  p e rh a p s  

s u g g e s t  t h e  e x i s t e n c e  o f  a s u b - p o p u l a t i o n  t h a t  i s  r e s p o n s iv e  o n ly  t o  a l t e r ­

n a t i n g  t e m p e r a tu r e  c o u p le d  w i th  l i g h t .

From t h e s e  e x p e r im e n ts  i n  which b o th  l i g h t  and a l t e r n a t i n g  t e m p e r a tu r e

were em ployed, t h e  f o l lo w in g  p o s s i b i l i t i e s  m ight a p p ly .  I t  i s  g e n e r a l l y  

o b se rv e d  t h a t  a b o u t  20 p e r c e n t  o f  a p r o p o r t i o n  o f  t h e  p o p u l a t i o n  a r e  d a rk  |

g e r m in a t in g ,  and would g e rm in a te  even when i r r a d i a t e d  w i th  PR . C o n t inuous  ; |

i l l u m i n a t i o n ,  a t  l e a s t  16h l i g h t / 8 h  d a rk  p h o to p e r io d  o r  R i r r a d i a t i o n ,  i n  most

c a s e s  enhanced t h e  t o t a l  p e r c e n ta g e  g e rm in a t io n  to  ab o u t  40 p e r c e n t ,  t h a t  i s  ;|:

a  20 p e r c e n t  i n c r e a s e  o v e r  d a rk  g e r m in a t io n s ,  Ï

T hat t h i s  l i g h t  enhanced g e r m in a t io n  i s  u n d e r  phytochrom e c o n t r o l  i s  

con firm ed  by th e  r e v e r s a l  o f  r e d  induced  g e r m in a t io n  by f a r - r e d .  Thus, i t
■I

m igh t be a rgued  t h a t  t h e r e  i s  p r e s e n t  in  t h e  p o p u l a t i o n  a second l i g h t -  |

r e q u i r i n g  f r a c t i o n  which c o n s t i t u t e s  a b o u t  20 p e r c e n t  o f  t h e  p o p u l a t i o n .

The s t a t i s t i c a l  a n a l y s i s  o f  t h e s e  f i n d i n g s  s u g g e s t s  t h a t  th e  combined e f f e c t s  1

o f  c o n s t a n t  h ig h  te m p e ra tu re  and l i g h t  a r e  a d d i t i v e ,  r a t h e r  th a n  s y n e r g i s t i c

    _ _ _
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o r  a n t a g o n i s t i c .

When achenes  a r e  g e rm in a te d  u n d e r  a l t e r n a t i n g  t e m p e ra tu re  reg im es  in  

d a r k n e s s ,  t h e r e  i s  an i n c r e a s e  i n  t h e  t o t a l  p e rc e n ta g e  g e rm in a t io n  t o  35-40 

p e r c e n t ,  i . e .  20 p e r c e n t  more t h a n  u n d e r  c o n s t a n t  t e m p e ra tu re  o f  35°C. This 

m igh t i n d i c a t e  t h a t  t h e r e  is  a n o th e r  f r a c t i o n ,  a l s o  a p p ro x im a te ly  20 p e r c e n t  

o f  th e  p o p u l a t i o n ,  w hich r e sp o n d s  to  a l t e r n a t i n g  t e m p e r a tu r e  and n o t  t o  l i g h t .  

But t h e  g e rm in a t io n  o f  achenes  u n d e r  t h e  d a rk  c o n d i t io n s  d i d  n o t  e x ceed  t h e  

c o n t in u o u s  l i g h t  t r e a t m e n t s .

These u n c h i l l e d  achenes  w hich  do n o t  respond  to  any o f  t h e  i n d i v i d u a l

I

‘

s p e c i f i c  c o n d i t io n s  w hich  h a v e  been  d i s c u s s e d  and a r e  known to be  v i a b l e ,  m igh t  

be  in d u ced  by a  c o m b in a t io n  o f  t h e s e ,  t h a t  i s ,  an a l t e r n a t i n g  t e m p e r a tu r e  and 

l i g h t .  Thus, i t  i s  p o s t u l a t e d  t h a t  t h e r e  e x i s t s  a f o u r t h  group  i n  t h e  

p o p u l a t i o n  o f  u n c h i l l e d  achenes  r e s p o n d in g  o n ly  t o  a  c o m b in a t io n  o f  a l t e r n a t i n g  

t e m p e r a tu r e  co u p le d  w i t h  l i g h t .  The d i f f e r e n c e  i n  g e r m in a t io n  betw een th e  

a l t e r n a t i n g  t e m p e r a tu r e  t r e a tm e n t s  e i t h e r  i l l u m i n a t e d ,  o r  g iv e n  R l i g h t  w i th  i

t h e i r  r e s p e c t i v e  d a rk  t r e a t m e n t s ,  i s  a p p ro x im a te ly  30-40  p e r c e n t .  Hence, 

t h i s  group m ig h t  c o n s t i t u t e  a p a r t i c u l a r  component o f  t h e  t o t a l  p o p u l a t i o n .

In  c o n t r a s t  to  t h e  s i t u a t i o n  r e g a r d i n g  c o n s t a n t  t e m p e ra tu re  and l i g h t  

e x p o su re  where t h e  e f f e c t s  a r e  s im p ly  a d d i t i v e ,  i t  seems t h a t  when u n c h i l l e d  

achenes  a r e  exposed to  a l t e r n a t i n g  t e m p e ra tu re  and l i g h t  a t  t h e  same t im e ,  

t h e r e  i s  a p o s i t i v e  i n t e r a c t i o n  (F ig u r e  4 .3  a ^ c .  A n a ly s is  o f  R e s u l t s ,  page  92a.

An o v e r a l l  summary c o u ld  be  p r e s e n t e d  by c o n s id e r in g  th e  p o p u l a t i o n  to  c o n s i s t  

o f  s u b -p o p u la t  i o n s , nam ely , t h e  d a rk  g e rm in a t io n ,  t h e  1 i g h t - r e q u i r i n g , t h e

a l t e r n a t i n g  t e m p e ra tu re  (d a rk )  g e rm in a t io n  and th e  a l t e r n a t i n g  t e m p e ra tu re  p lu s  l i g f  

g e r m in a t io n  o f  a c h e n e s .  However, t h e r e  i s  a p p ro x im a te ly  a n o th e r  25-30 p e r c e n t  

o f  t h e  s u b - p o p u la t i o n  t h a t  does n o t  g e rm in a te  and c a n n o t  b e  c l a s s i f i e d  u n d e r  

any o f  t h e  g roups  m en t io n ed  above . The g e rm in a t io n  o f  t h i s  l a t t e r  group m igh t 

be prom oted by o t h e r  e n v iro n m e n ta l  f a c t o r s ,  e . g .  s t r a t i f i c a t i o n  t r e a t m e n t .

A d iag ra m m a tic  r e p r e s e n t a t i o n  o f  t h e  d i f f e r e n t  s u b - p o p u l a t i o n s  i s  shown 

i n  T ab le  4. 3
. . . . . .  . .  ' ;..
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T a b le  4 . 0 . P o s t u l a t e d  s u b - p o p u la t i o n  e x i s t i n g  in  the  p o p u l a t i o n  o f

P . p e r s i c a r i a  achenes  h a r v e s t e d  1981. The t o t a l  p e r c e n ta g e  

g e rm in a t io n  i s  g iv e n  i n  t h e  " c o m b in a t io n "  boxes and  t h e  m arg in a l  

d i f f e r e n c e s  i n d i c a t e  th e  p r o p o r t i o n s  t h a t  r e sp o n d  to  l i g h t  o r  

a l t e r n a t i n g  t e m p e r a t u r e s .  T h is  assumes t h a t  t h e r e  i s  n e i t h e r  

sy n e rg ism  no r  an ta g o n ism  in  t r e a t m e n t s .

Î
■

T re a tm e n ts C o n s ta n t  3 5 °C A l t e r n a t i n g
T e m p era tu re

F r a c t i o n  r e q u i r i n g  
A l t e r n a t i n g  T em pera tu re

S u b - p o p u la t io n  I S u b - p o p u la t io n  I I I

Dark 20 p e r c e n t 40 p e r c e n t 20 p e r c e n t

L ig h t 40 p e r c e n t 80 p e r c e n t 40 p e r c e n t

L ig h t -
r e q u i r i n g
(under
phytochrom e
c o n t r o l )

S u b - p o p u la t io n  I I  

20 p e r c e n t 40 p e r c e n t

S u b -p o p u la t io n  IV 

20 p e r c e n t

I

@1
I
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Figure  4 . 1 ,  a § b .

A n a ly s is  o f  R e s u l t s : -  3 F a c to r  V a r ia n c e

Source D egree  o f  Sum o f  Mean
Freedom S q u a re  Square

R e p l i c a t e s

T em pera tu re  Regimes (A)

S h o r t  (8h) vs Long (16h) 
D u ra t io n  (B)

Dark vs L ig h t  (C)

A X B

B X C

A X C

A X B X C

E r r o r

T o ta l

1

12

1

1

12

1

12

12

51

39-0059 39.0059 3 .2964

21245 177042 149.619

174.449 174.449 14 .7428

2072 .82  2072.82 175 .176

1043 .46  86 .9554 7 .3486

35 .9082  35 .9082  3 .0 3 4 6

187982 156.652 13.2387

158.678 13.2231 1.1175

603 .475  11.8328

103 27252 .6

S i g n i f i c a n t
l e v e l

N.S.

N .S .

N.S.

8 8 Ï

y

I
r
'■3

- /'Ilf,;:';
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Figure  4 . 2 .

A n a ly s is  o f  R e s u l t s : -  3 F a c to r  V a r ia n c e

Source
Degree o f  Sum o f  Mean

Freedom Square  Square
S i g n i f l e a n t  

l e v e l 'I

1
I
I

I
"i

R e p l i c a t e s  1

T em pera tu re  Regime (A) 4

S h o r t  (8h) vs Long (16h) 1
D u r a t io n  (B)

Dark vs L igh t  1

A X B 4

B X C 1

A X C 4

A X B X C 4

E r r o r  19

T o ta l  39

22.0859 22.0859

887 .977  221.994

2773.93 2773.93

3688 .36  3688.36

429 .68  107.42

328 .883  328.883

157.188 39.2969

144.031 36.0078

290.523 15.2907

8722 .66

1 .4444

14.5182

181.413

241 .216  

7 .02518 

21.5087 

2 .56998 

2 .35488

N.S

N.S

N.S

%

I

Î

I
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FIGURE 4 .3

92

100

80

p;0
• H

1
g 60
<DC3
0W)Rj
C
0

M 40 
0 (X

I

 z&c
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4 128 160 20

D u r a t io n  in  h o u rs  a t  35 C i n  a 24h D iu rn a l  C yc le

E f f e c t  o f  d i f f e r e n t  p e r io d  o f  i l l u m i n a t i o n  a t  3 5 °C (upper  t e m p e r a tu r e  
p a r t  o f  t h e  c y c le )  i n  a 24h d i u r n a l  a l t e r n a t i n g  te m p e ra tu re  o f  15«G/ 
35°C w i th  c o r r e s p o n d in g  t im e  a t  th e  low er t e m p e ra tu re  p a r t  o f  t h e  
c y c l e .  Counted a f t e r  14 c y c l e s .

A Dark T rea tm en t  - 15°C/35°C.
A L igh t  T rea tm en t  - 15'^C/35°C.

C on tinuous  a t  35 °C.

Each t r e a t m e n t  was r e p l i c a t e d  t h r i c e ,  w i th  100 achenes pe r  
r e p l i c a t e  in  10ml o f  d i s t i l l e d  w a te r .

Achenes w ere  s o a k e d . i n  w a te r  f o r  16h a t  15°C f d a rk )  b e f o r e  
s u b s e q u e n t  A l t e r n a t i n g  T em pera tu re  t r e a t m e n t s .
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F ig u r e  4 .3 .

A n a ly s i s  o f  R e s u l t s : - X (C h i- s q u a re d )  T e s t •

S e r i a l
No, S ource x ' - ..... P

S i g n i f i c a n t
l e v e l

1 35*C: 8h L ig h t vs 16h L ig h t 2 .29595 p > 0 .05 N.S .

2 15°C/35*C: Sh L ig h t  vs  16h L ig h t  

2 F a c to r  V a r ia n c e

28,9067 p < 0.001 ***

4 .3 ,  a§c

S ou rce
D egree  o f  Sum o f  

Freedom S quare
Mean

Square F
S i g n i f i c a n t

l e v e l

R e p l i c a t e s 2 1 .3125 0.65625 0.127073 N.S.

D ay le n g th  (A) 3 518 .426 172.809 33.4619 ***

C o n s ta n t  35°C vs  
15*C/35°C (B)

1 962 ,676 962.676 186 .408 ***

A X B 3 729.723 243.241 47.1001 * * *

E r ro r 14 72.3008 5,16434

T o ta l 23 2284 .44

4 . 3 ,  bSc

Source
Degree o f  Sum o f  

Freedom S qua re
Mean

Square F
S i g n i f i c a n t

l e v e l

R e p l i c a t e s 2 1,82227 0.911133 0 .14267 N.S.

L ig h t  v s  Dark (A) 1 2204.17 2204.17 345.141 ***

D a y leng th s  (B) 3 2308.26 769.419 120.48 * * *

A X B 3 184.734 61.5781 9 .64222 * *

E r ro r 14 89.4082 6 .3863

T o ta l 23 4788 ,39
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FIGURE 4 . 4

100

g
• H

a
• H

IO

+ -

20  - -

0 2 8 104 6

COUNTING TIME (24h DIURNAL CYCLES)

E f f e c t  o f  re d u c e d  l i g h t  i n t e n s i t y  (40%) on th e  g e rm in a t io n  of u n c h i l l e d  
achenes  a t  d i f f e r e n t  t e m p e r a tu r e s .

■f'Each t r e a tm e n t  r e p l i c a t e d  t h r i c e  w i th  100 ach en es  p e r  r e p l i c a t e .

a : Continuous Dark, a t  35°C 
b : Continuous L ig h t  a t  35°C 
c : 35°C-8hD/I6hL 
d : 15°C(8h)D/35°C(16h)D
e : 15°C(8h)D /35°C(16h)L  
D -  D arkness 
L = L igh t  
h = Hours
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F ig u re  4 .4 .

A n a ly s is  o f  R e su l t s  : Comparison between 40 and 100 p e rc e n t  i l lu m in a t io n .

2  S i g n i f i c a n t
Number_________________ S o u rc e  ________________ X____________ p_______________ Level

1 3S°C : 8h D ark /1 6 h  L ig h t  2.18981 p > 0 .0 5  N.S.

2 C on tinuous  L ig h t  I l l u m i n a t i o n  6 .45516 0.05>p> 0 .01  *
a t  3S°C

3 15°C(8h) D ark/35*C (16h) L ig h t  2 .10876 p > 0 .0 5  N.S.



FIGURE 4 .5

100
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ûo 50

P 40

§ 30

2 3 4 5 6 7

TIME OF IMBIBITION AT 20°C IN DAYS

10

E f f e c t  o f  l i g h t  r e s p o n s e  t o  i m b i b i t i o n  on t h e  g e rm in a t io n  o f  u n c h i l l e d  
achenes  a t  a l t e r n a t i n g  and c o n s t a n t  t e m p e r a tu r e s .
G e rm in a t io n  s c o re d  a f t e r  14 c y c l e s .

a : C on tinuous  35°C Dark 
b : C ontinuous  3 5°C L ig h t  
c : 35®C-8h D ark /16h  L ig h t  
d : 15°C(8h)D/35 C(16h)D 
e : 15°C(8h)D/35C(16h)L
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FIGURE 4 .6

90

75

24122 36 48

IMBIBITION TIME AT 35°C (DARK) IN HOURS

R esp on se  o f  u n c h i l l e d  a ch en es  t o  a l t e r n a t i n g  te m p era tu re s  o f  35°C/20®C 
w it h  l i g h t  i l lu m in a t e d  a t  20°C f o r  8h in  a 24h d iu r n a l  c y c l e .
Counted a f t e r  14 c y c l e s .

a; 35°C (16h)D /20°C (8h)D  
b .  35°C(16h) D/20‘’C(8h)L
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F ig u re  4 .7 .

A n a ly s is  o f  R e s u l t s  : 3 F a c to r  V ariance

98

S o u rc e
D egree  o f  Sum o f  Mean

Freedom Square  Square
S i g n i f i c a n t

le v e l

R e p l i c a t e s  2

D u r a t io n  o f  Im b ib i t io n (A )  1

T e m p era tu re  C y c l ic  1
Rhythm (B)

Dark vs  L ig h t  (C)

A X B

B X C

A X C

A X B X C

E r r o r  14

T o ta l  23

8.69141

7 .23828

4 .3457

7.23828

0.273356

0.455307

0 .410156 0 .410156 0.025799

1326.08 1326.08 83.4128

2.55469 2 .55469 0 .160696

103.355 103.355 6 .50133

4 .71484  4 .71484  0.29657

0.132813 0 .132813 0 .00835

222.566 15 .8976

1675.74

N.S. 

N.S . 

N.S.

N.S.

*

N.S.

N.S.



FIGURE 4 .8

99

100

10 20 30 40 50

IMBIBITION TIME AT 20*C IN HOURS

G erm in a tio n  r e s p o n s e  o f  ach en es  imbibed a t  20°C (d a rk )  and i r r a d i a t e d  
w i th  30 m in u tes  Red l i g h t  (R) and s u b s e q u e n t ly  g e rm in a te d  a t  35°C o r  
20°C d a rk .  Counted a f t e r  14 d a y s .

20°C Dark 

35°C Dark

4



F igu re  4 .8 .

A naly s is  o f  R e su l t s  : 1 F ac to r  V ariance .

100

Source
D egree o f  Sum o f  Mean

Freedom S q u a re  Square
S ig n i f i c a n t

le v e l

R e p l i c a t e s

I m b i b i t i o n  Time a t  
20°C i n  Hours

E r ro r

T o ta l

1 7 .71875 7 .71875 0.623984

6 141.368 23.5614 1 .0947

6 74 .2207  12.3701

13 223.308

N.S.

N.S.
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FIGURE 4.9

100

90

80

O•H
(d 60c

•H
g
S 50
<D

c 40 0) u

^  30
p;

s
20

10 —

40 500 10 20 30 60
DURATION OF RED (R) IRRADIATION IN MINUTES

The p e rc e n ta g e  g e rm in a t io n  r e s p o n s e  o f . u n c h i l l e d  achenes i r r a d i a t e d  w i th  d i f f  
e r e n t  d u r a t i o n  o f  R l i g h t  and g e rm in a te d  a t  35°C in  th e  d a rk .

G erm ina tion  c o u n t  s c o re d  a f t e r  14 d a y s .
Achenes were i n i t i a l l y  k ep t  a t  20°C i n  t h e  d a rk  f o r  16h p r i o r  to  R 
e x p o su re .  Each t r e a tm e n t  was r e p l i c a t e d  tw ic e  w ith  100 achenes pe r  
t r e a t m e n t .

a : N o n - i r r a d i a t e d  achenes  

b : R Exposure



F ig u re  4 .9 .

A n a ly s is  o f  R e su l ts  : 2 F a c to r  V ariance

102

Source
Degree o f  Sum o f  Mean

Freedom S q u a re  Square
S i g n i f i c a n t

le v e l

R e p l i c a t e s  1

L ig h t  v s  Dark (A) 1

D u r a t io n  o f  R Exposure(B) 5

A X B 5

E r r o r  11

T o ta l  23

3 .76172  3 .76172  1.37966

71 .949  713.949 261.85

95 .3379  19 .0676 6 .99327

87 .3262  17.4652 6 .40559

29.9922 2 .72656

930 ,367

N.S.

* **

N.S.

N .S.
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F ig u re  4 .1 0 .

A nalys is  o f  R e s u l t s  : x (C h i-sq u ared )  T e s t .

104

S e r i a l
Number 4 .1 0 b  Source

10 m in u te s  I r r a d i a t i o n

x '
S i g n i f i c a n t

Level

1 C o n tro l  v s  R 28.605 P < 0 .001 ** *

2 C o n t r o l  vs PR 0.0159261 P > 0 .0 5 N.S.

3 R vs  FR 28.605 P ■< 0.001 ***

4 FR vs R+FR 0 P > 0 .0 5 N.S.

5 R+FR vs R+FR+R 18.9579 P < 0.001 * * *

4 .1 0 c  Source

30 m in u te s  I r r a d i a t i o n  
2

X P......... ......
S i g n i f i c a n t

Level

6 C o n tro l  vs R 22.0119 P < 0.001 ***

7 C o n t r o l  vs FR 1.83697 P > 0 .0 5 N.S.

8 R v s  FR 36 .7729 P < 0.001 * **

9 FR vs R+FR 0.696359 P > 0 .0 5 N.S.

10 R+FR vs  R+FR+R 9.33219 P < 0 .0 1 * *

Source

10 m in u te s  vs 30 m in u tes

x^

I r r a d i a t i o n  

P
S i g n i f i c a n t

Level

11 R T rea tm en ts 0.499796 P > 0 .0 5 N.S.

12 FR T re a tm e n ts 2.19561 P > 0 .05 N.S .
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F igu re  4 .11 .

A n a ly s is  o f  R e su l t s  : 2 F ac to r  V ariance .

106

Source
Degree o f  Sum o f  Mean

Freedom S quare  Square
S i g n i f i c a n t

le v e l

R e p l i c a t e s  

Dark vs L ig h t  (A) 

R F requency  (B)

A X B 

E r r o r  

T o ta l

1 12 .4229 12.4229 1 .00726

1 664.351 664.351 53.8665

3 39 .4863  13.1621 1 .0672

3 3 .98047 1 .32682 0.107581

7 86 .333  12.3333

15 806.573

N.S.

N.S
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FIGURE 4 .12

100

•H
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•H

CD

CL

20

0 2 4 6 8 9
C o n s tan t  

T em pera tu re  
No R

CYCLES OF ALTERNATING TEMPERATURE C o n s ta n t  
T em pera tu re  

w i th  R

I n t e r a c t i o n  o f  a l t e r n a t i o n  o f  t e m p e ra tu re  w i th  10 m in u tes  R i r r a d i a t i o n  
1 c y c le  r e p r e s e n t s  20°C (8h) R/35 C (16h) D.

't'Achenes were s u b j e c t e d  to  A l t e r n a t i n g  T em pera tu re  a f t e r  an i n i t i a l  16h 
a t  20°C (dark )  i m b i b i t i o n .  A f t e r  A l t e r n a t i n g  T em pera tu re  t r e a tm e n t ,  
d i s h e s  were l e f t  a t  20°C f o r  14 days and g e rm in a t io n  co u n t  r e c o r d e d .

a : N o n - i r r a d i a t e d  

b : Red l i g h t  t r e a tm e n t
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A n a ly s is  o f  R e s u l t s  : 

Source

2
X (C h i“S quared ) T e s t , 

x ' P
S ig n i f i e

leve]

35°C c o n s t a n t R vs  No R 4.13384 0 .0 5 > p > 0 .01 *

1 c y c l e  o f  20°C(8h)R/ 
35°C(16h)D

R vs No R 7.03893 p < 0 .01 **

3 " " R vs  No R 46 .5807 p < 0.001 ***

6 " " R vs  No R 113 .669 p < 0 .001 ***

9 " ” R vs  No R 76.0167 p < 0 .001 ***

1 c y c le  vs 3 c y c le s Non-I r r a ­
d i a t e d

7.95691 p < 0.01 * *

3 c y c le s  vs  6 c y c le s n 2.17199 p > 0 .0 5 N.S

6 c y c l e s  vs 9 c y c le s !» 6.09009 0.05>p>0 .01 *

1 c y c l e  vs 3 c y c le s I r r a d i a t e d 48 .6145 p < 0 .001 ***

3 c y c le s  vs  6 c y c le s r» 9.10034 p < 0 .0 1 * *

6 c y c le s  v s  9 c y c le s If 0 p > 0 .05 N.S

t

i

*

#

;

Lti
■

"i
■l
i'

'"%r

:
S

: ' l
■i-

•I
i
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S ource
Degree  o f  Sum o f  

Freedom S qua re
Mean

Square F
S i g n i f i c a n t

Level

R e p l i c a t e s 1 10.0781 10.0781 1.31998 N.S,

R vs No R (A) 1 2118 .3 2118.3 277.444 ** *

I n c r e a s i n g  No, o f Cycle  (B) 3 1051 .61 350 .536 45 .9115 ** *

A X B 3 360 .818 120.273 15.7527 **

E r ro r 7 53.4453 7.63505

T o ta l 15 3594 .25

1 F a c to r V a r ia n c e

R e p l i c a t e s  . 1 6.66101 6.66101 0.746634 N.S.

Number o f  C ycles (No R) 3 173 .533 57.8445 6.4838 *

E rro r 3 26.7642 8.92139

T o ta l 7 206 .959

1 F a c to r V a r ia n c e

R e p l i c a t e s 1 3.64355 3.64355 0.413163 N.S.

Number o f  C ycles (w ith  R) 3 1238.89 412.965 46.8284 ***

E r ro r 3 26.4561 8.81868

T o ta l 7 1268.99
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A n a ly s is  o f  R e su l ts  : 1 F ac to r  V ariance .

P o in t  o f  Red (R) I r r a d i a t i o n

a Source
Degree o f  Sum of 

Freedom Square
Mean

Square F
S i g n i f i c a n t

Level

R e p l i c a t e s 2 0.238281 0.119141 0.005048 N.S.

P o in t  o f  R. i r r a d i a t i o n 2 53.3398 26.6699 1.13008 N.S.

E r ro r 4 94.4004 23.6001

T o ta l 8 147,979

P o in t o f  F a r  1Red (FR) I r r a d i a t i o n

b

R e p l i c a t e s 2 7 .80322 3.90161 0.433801 N.S.

P o in t  o f  FR i r r a d i a t i o n 2 18.729 9.3645 1.04119 N.S .

E r ro r 4 35.9761 8.99402

T o ta l 8 62.5083

E f f e c t  o f

c

R d u r in g  A l t e r n a t i n g T em pera tu re

R e p l i c a t e s 2 10.1836 5.0918 0.262926 N.S.

R d u r in g  A l t .  Temp, 3 1452.1 484.033 24.9941 * **

E r ro r 6 116.195 19.3659

T o ta l 11 1578.48

E f f e c t  o f  FR d u r in g  A l t e r n a t i n g  T em pera tu re

d

R e p l i c a t e s 2 9.52881 4 .7644 0.433192 N.S.

FR d u r in g  A l t .  Temp, 3 38.8262 12.9421 1,17672 N.S.

E r ro r 6 65.9902 10.9984

T o ta l 11 114.345
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Source
D egree  o f  Sum o f  Mean

Freedom S quare  Square
S i g n i f i c a n t

l e v e l

R e p l i c a t e s  2

R vs FR (A) 1

P o in t  o f  I r r a d i a t i o n  (B) 2

A X B 2

E r ro r  10

T o ta l  17

2 .99609 1 .49805 0.110622

3508.43 3508,43 259 .078

4.45117  2 .22559 0.164347

67.6191 33 .8096 2 .49665

135.42 13.542

37.1891

N.S.

*  *  *

N.S.

N.S.
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CHAPTER 5

EFFECTS OF PRETREATMENT AT LOW TEMPERATURE

INTRODUCTION

The re q u i r e m e n t  o£ Polygonum p e r s i c a r i a  f o r  low t e m p e r a tu r e  p r e t r e a t m e n t  

has been  i n v e s t i g a t e d  by s e v e r a l  w o r k e r s ,  namely Bayer (1958, Hammerton (1 967 ) ,  

J u s t i c e  (1 9 4 1 ) ,  Ransom (1 9 3 5 ) ,  S t a n i f o r t h  and Cavers (1979b), and Timson (1965).  

P. p e r s i c a r i a  h a s  been r e p o r t e d  to  p o s s e s s  embryo dormancy which can  on ly  be 

b ro k en  by low t a n p e r a t u r e  p r e t r e a t m e n t  ( S t a n i f o r t h  and C avers ,  1979b) .

In  P o ly g o n aceae ,  t h e  m ost s t i m u l a t o r y  medium f o r  s t r a t i f i c a t i o n  i s  a j a r  

o f  w a te r  and t h e  l e a s t  i s  m o is t  p a p e r  to w e l l in g  ( J u s t i c e ,  1941).

The optimum p e r i o d  and  t e m p e r a tu r e  r an g e  f o r  low te m p e ra tu re  i n c u b a t io n  

v a r i e s  from 1 week a t  2°C ( K a rs s e n ,  1980/81b); 4-6 weeks a t  2°C (Bayer and 

B u c h h o l tz ,  1957); and 15 weeks a t  4*̂ C ( S t a n i f o r t h  and C a v e rs ,  197£b).. F u r t h e r ­

m ore, J u s t i c e  (1941) r e p o r t e d  t h a t  t h e  p e r io d  a t  low t e m p e r a tu r e  i s  r e d u c e d  i f  

a c h en e s  were i n i t i a l l y  immersed in  c o n c e n t r a t e d  s u lp h u r i c  a c id  f o r  15 m in u te s  

which was c on firm ed  by S t e in b a u e r  and G rig sb y  ( 1 9 5 7 b ) .

Removal o f  p e r i c a r p  has  been  o b s e rv e d  to  enhance and s h o r t e n  th e  low 

t e m p e ra tu re  p r e t r e a t m e n t  p e r i o d  ( J u s t i c e ,  1941; Ransom, 1935). Pe rhaps  i t  

p r o v id e s  r e a d y  p a s sa g e  f o r  gaseous  d i f f u s i o n .  S t r a t i f i c a t i o n  in  c e r t a i n  

oxygen and c a rb o n  d i o x id e  c o n c e n t r a t i o n s  s t i m u la t e d  g e rm in a t io n  in  c o n t r a s t  

to  t h e  c o n t r o l  i n  o t h e r  P o ly g o n a ce a e ,  b u t  t h e  e f f e c t  on P. p e r s i c a r i a  was n o t  

t e s t e d  ( J u s t i c e ,  1941).

N i t r a t e  d u r in g  s t r a t i f i c a t i o n  s l i g h t l y  i n c r e a s e d  g e rm in a t io n  and s h o r te n e d  

th e  p r e t r e a t m e n t  p e r i o d  (Bayer and B u c h h o l tz ,  1957). I t  a l s o  p rom oted  th e  

rem oval o f  t h e  p r im a ry  l i g h t  r e q u i r e m e n t  and h e lp e d  p r e v e n t  th e  deve lopm ent of 

s e co n d a ry  dormancy on e x tended  e x p o su re  to  low te m p e ra tu re  (K arssen ,  1980/81 b; 

V in c e n t  and R o b e r t s ,  1979).

In c o n t r a s t  t o  P. p e r s i c a r i a , P. scandens  and P. v i rg in ia n u m ,  which a r e
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r e s t r i c t e d  t o  r a t h e r  d ry  c o n d i t i o n s ,  do n o t  r e sp o n d  to  low te m p e ra tu re  

p r e t r e a t m e n t  a t  2-4°C ( J u s t i c e ,  1941).

In  th e  l i g h t  o f  above d i s c u s s i o n  and T o t t e r d e l l  and R o b e r t s ’ (1979) 

o b s e r v a t i o n s  in  Rumex s p e c i e s ,  s t r a t i f i c a t i o n  r e q u i r e m e n ts  o f  P. p e r s i c a r i a  

w ere  i n v e s t i g a t e d  in  d e t a i l .

EXPERIMENTS AND RESULTS

LOW TEMPERATURE PRETREATMENT

Low te m p e ra tu re  p r e t r e a t m e n t  ( c h i l l i n g  o r  s t r a t i f i c a t i o n )  has  been 

r e p o r t e d  to  b re a k  dormancy i n  P. p e r s i c a r i a  ( se e  page 113) . The e f f e c t s  o f  

d i f f e r e n t  low t e m p e ra tu re s  on t h e  dormancy b re a k in g  o f  P. p e r s i c a r i a  were 

examined.

Achenes were p la c e d  in  d i s t i l l e d  w a te r  and in c u b a te d  a t  t e m p e ra tu re s  o f  
IS'C,

4°C, 10°C,^20°C and 25°C f o r  p e r i o d s  o f  2 ,  4 ,  8, 12, 16 and  24 weeks in  th e  

d a rk  as  d e s c r i b e d  in  th e  G e n e ra l  M a t e r i a l s  and M ethods. At t h e s e  i n t e r v a l s ,  

two r e p l i c a t e s  each o f  100 ach en es  were co u n ted  from each  o f  t h e  " p o o ls "  and 

d i s p e n s e d  i n t o  9cm g l a s s  p e t r i  d i s h e s  in  5ml o f  d i s t i l l e d  w a te r .  The above 

p ro c e d u re  was c a r r i e d  o u t  u n d e r  darkroom  c o n d i t i o n s  a s  d e s c r i b e d  on page  34 

Achenes from each  o f  t h e  low t e m p e ra tu re  i n c u b a t io n s  were th e n  g e rm in a te d  a t  

4°C, 10®C, 15°C,^25°C, 35°C and 40°C o r  s u b j e c t e d  t o  an a l t e r n a t i n g  t e m p e ra tu re  

o f  15*C (Bh) D/35°C (16h) D. G erm ina tion  took  p l a c e  in  t h e  d a rk  and was 

r e c o rd e d  a f t e r  14 days f o r  t h e  c o n s ta n t  t e m p e r a tu r e s  and 10 days f o r  t h e  

a l t e r n a t i n g  t e m p e r a t u r e s .

T h is  ex p e r im e n t  was c a r r i e d  o u t  to  d e te rm in e  t h e  f o l l o w in g ,  n a m e ly : -

(1) The optimum te m p e ra tu re  and p e r io d  o f  e x p o su re  f o r  b r e a k in g  dormancy and t o  

t e s t  i f  dormancy b r e a k in g  i s  t e m p e r a tu r e  d e p e n d e n t .

(2) The optimum c o n d i t i o n s  f o r  g e rm in a t io n  a f t e r  s t r a t i f i c a t i o n .

(3) To i n v e s t i g a t e  i f  i n d u c t io n  o f  s e c o n d a ry  dormancy o c c u r s ,  and i f  i t  d o e s ,  i s  

i t  t e m p e ra tu re  dependen t?

V i a b i l i t y  t e s t s  were a l s o  d e te rm in e d  a t  each t r a n s f e r ,  and a l s o  a f t e r



115

eve ry  g e r m i n a t io n  t e s t  to  d e te rm in e  i f  achenes  had l o s t  v i a b i l i t y  d u r in g  th e  

c o u rs e  o f  th e  t r e a t m e n t s .  T h is  t e s t  was c a r r i e d  o u t  a s  d e s c r ib e d  on page  33 N o .2,

The e f f e c t s  o f  s t r a t i f i c a t i o n  a r e  p r e s e n t e d  in  F ig u r e  5 . 1 .  The r e s u l t s  

i l l u s t r a t e  t h a t  c h i l l i n g  i s  o n ly  e f f e c t i v e  a t  4°C and 10°C; how ever, th e  

l o s s  o f  dormancy i s  f a s t e r  a t  t h e  low er t e m p e ra tu re .  H igher  t e m p e ra tu re s  

a r e  i n e f f e c t i v e .  The low g e rm in a t io n  p e r c e n ta g e s  o b se rv e d  a f t e r  p ro lo n g e d  

e x p o su re  o f  ac h en e s  t o  15°C, 20°C and 25°C ( c .  16 p e r c e n t )  c o u ld  be due to  

d e a th  o f  a c h e n e s ,  b u t  t h i s  i s  n o t  l i k e l y  t o  be t h e  c a u se  s in c e  t e s t s  f o r  

v i a b i l i t y  i n d i c a t e d  t h a t  a t  l e a s t  70 p e r c e n t  o f  a c h en e s  resp o n d ed  p o s i t i v e l y  

t o  t i p  rem o v a l .  P e rhaps  t h e r e  was l o s s  o f  some v i a b i l i t y  a t  th e  h i g h e s t  

t e m p e r a tu r e ,  b u t  t h i s  does n o t  a c c o u n t  f o r  th e  la c k  o f  g e rm in a t io n .  I t  i s  

c o n c lu d e d  t h a t  dormancy b r e a k in g  can o n ly  o c c u r  a t  t e m p e ra tu re s  o f  10°C and 

l e s s .  These  r e s u l t s  a g re e  w i th  t h o s e  o f  J u s t i c e  (1 9 4 1 ) ,  S t a n i f o r t h  and 

Cavers (1979b) and V in c e n t  and R o b e r ts  (1 979 ) .

Achenes gave th e  h i g h e s t  p e r c e n ta g e  g e rm in a t io n  when s u b je c t e d  to  an 

a l t e r n a t i n g  t e m p e ra tu re  a f t e r  low te m p e ra tu re  t r e a t m e n t .  A f t e r  two weeks o f  

s t r a t i f i c a t i o n  a t  4°C, g e rm in a t io n  was a lm o s t  com p le te  (90 p e r c e n t ) .  A f t e r  

t h e  same p e r io d  o f  e x p o su re  a t  10°C, g e rm in a t io n  was enhanced (6 3 .5  p e r c e n t )  

b u t  n o t  com parab le  w i th  4°C p r e t r e a t m e n t ,  maximum g e rm in a t io n  (93 .33  p e r c e n t )  

n o t  o c c u r r in g  u n t i l  a f t e r  24 weeks e x p o su re  to  10°C. At 15°C, 20°C, o r  25°C 

p r e t r e a t m e n t ,  any ach en es  t h a t  g e rm in a te d  u n d e r  t h e  optimum c o n d i t i o n  were 

c o n s id e r e d  to  r e p r e s e n t  t h a t  component o f  t h e  p o p u l a t i o n  t h a t  does n o t  r e q u i r e  

s t r a t i f i c a t i o n  and g e r m in a t io n  d id  n o t  exceed  38 .5  p e r c e n t .

When t h e  a c h en e s  w ere  s u b je c t e d  to  g e rm in a t io n  te m p e ra tu re s  

a f t e r  s t r a t i f i c a t i o n  a t  4°C o r  10°C, t h e r e  was a p r o g r e s s i v e  l o s s  o f  dormancy 

when t r a n s f e r r e d  t o  c o n s t a n t  g e rm in a t io n  t e m p e ra tu re s  o f  15°C, 20°C, 25°C and 

35°C. The e x p r e s s io n  o f  s u b s t a n t i a l  g e rm in a t io n  a t  t h e s e  t e m p e r a tu r e s  was 

o b se rv e d  e a r l y  a f t e r  4°C s t r a t i f i c a t i o n  (4 weeks d u r a t i o n  gave abou t 55-68 

p e r c e n t )  i n  c o n t r a s t  to  10°C t r e a tm e n t  (4 weeks d u r a t i o n  gave a b o u t  2-47 p e r c e n t )  

where c o n s id e r a b l e  g e rm in a t io n  o c c u r re d  a t  th e  l a t e r  s t a g e s  o f  

(abou t  40-70 p e r c e n t ) .
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G erm ina tion  d id  n o t  o c c u r  when ach en es  were t r a n s f e r r e d  to  lower 

t e m p e ra tu re s  a f t e r  s t r a t i f i c a t i o n ,  e . g .  achenes  d id  n o t  g e rm in a te  a t  4°C 

a f t e r  10°C s t r a t i f i c a t i o n  even a f t e r  16 weeks e x p o s u re .  T h is  i s  o f  e c o l o g i c a l  

im p o r tan ce  b e c au se  i t  t h e n  means t h a t  a c h e n e s  would n o t  g e rm in a te  even though 

dormancy was b ro k en  i n  w i n t e r  months (4°C keeps- t h e  a c h en e s  in  a q u i e s c e n t  

s t a t e ) . G e rm in a t io n ,  how ever, a w a i t s  a f a v o u r a b le  t e m p e r a tu r e  d u r in g  th e  

s p r in g  o r  summer m o n th s . These r e s u l t s  a g re e  w i th  t h e  o b s e r v a t i o n  o f  

T o t t e r d e l l  and R o b e r ts  (1979) in  Rumex spp t h a t  g e rm in a t io n  was o b s e rv a b le  

on ly  when t h e r e  i s  a t r a n s f e r  t o  a h i g h e r  t e m p e ra tu re  a f t e r  s t r a t i f i c a t i o n .

When ach en es  were t r a n s f e r r e d  .to 40°C, t h e r e  was no g e rm in a t io n  a f t e r  

s t r a t i f i c a t i o n  a t  4°C o r  10°C. A v i a b i l i t y  t e s t  on t h e s e  was n e g a t i v e ,  a l l  

a p p e a r in g  dead . T h is  i n d i c a t e s  t h a t  a t  t h i s  t e m p e ra tu re  embryos were k i l l e d ,  

hence  40 C m igh t be c o n s id e r e d  s u p ra o p t im a l  o r  l e t h a l  f o r  g e r m in a t io n .

One f e a t u r e  o f  i n t e r e s t  i s  th e  a b i l i t y  o f  achenes  to  commence g e rm in a t io n  

a t  s t r a t i f i c a t i o n  t e m p e r a t u r e s .  A f t e r  24 weeks o f  low te m p e ra tu re  p r e t r e a t ­

m en t ,  g e rm in a t io n  was 18 and 25 p e r c e n t  a t  4°C and 10°C r e s p e c t i v e l y .  I t  i s  

p o s s i b l e  t h a t  i f  ach en es  w ere  l e f t  f o r  a  lo n g e r  t im e ,  c o n s id e r a b l e  g e rm in a t io n  

cou ld  be o b t a in e d .  The g e r m in a t io n  o f  achenes  a t  t h e s e  low te m p e ra tu re s  i s  

n o t  a t  v a r i a n c e  w i th  t h e  e a r l i e r  o b s e r v a t io n s  t h a t  c o n s id e r a b l e  g e rm in a t io n  i s  

o b t a in e d  o n ly  on t r a n s f e r  to  t h e  h ig h e r  t e m p e r a tu r e s .  F i r s t l y  t o t a l  p e r c e n ta g e  

g e rm in a t io n  was low, and se c o n d ly  t h e  ex p o su re  p e r i o d ,  i . e .  24 w eeks, i s  f a r  

in  ex cess  o f  w i n t e r  months (n o rm a lly  12-14 w eek s ) .  A lso ,  even i f  c o n s id e r a b l e  

g e rm in a t io n  o c c u r s ,  t h e  t e m p e ra tu re  m igh t be  to o  low t o  a l lo w  th e  grow th and  

developm ent o f  t h e  s e e d l i n g s .

STRATIFICATION AND IRRADIATION

E f f e c t  o f  Red (R) o r  Fa r  Red (FR) I r r a d i a t i o n  a f t e r  s t r a t i f i c a t i o n

S t r a t i f i c a t i o n  p r e t r e a t m e n t ,  and R o r  FR i r r a d i a t i o n s  were c a r r i e d  out as  

d e s c r ib e d  in  t h e  G eneral  M a te r i a l s  and M ethods. The e f f e c t s  o f  R o r  FR (peyc 

i n v e s t i g a t e d  to  d e te rm in e  t h e  r e s p o n s e  o f  achenes  t o  l i g h t  i r r a d i a t i o n
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low te m p era tu re  p re t r e a tm e n t .

The r e s u l t s  o f  C h a p te r  4 d e m o n s t ra te  t h a t  a b o u t  20 p e r c e n t  o f  t h e  

u n c h i l l e d ,  dorm ant achenes  a r e  u n d e r  phytochrom e c o n t r o l .  The r e s u l t s  o f  

s t r a t i f i c a t i o n  ( F ig u r e  5 .1 )  i n d i c a t e  p r o g r e s s iv e  l o s s  o f  dormancy w i th  s t r a t i ­

f i c a t i o n  p e r io d  a t  c o n s t a n t  t e m p e r a t u r e s .  I t  was s p e c u la te d  t h a t  t h e  u n c h i l l e d  

achenes  r e s p o n d in g  t o  R/FR t r e a tm e n t  m igh t  l o s e  r e s p o n s iv e n e s s  a s  t h e  s t r a t i f i ­

c a t i o n  p e r io d  i n c r e a s e d ,  o r  a l t e r n a t i v e l y  s t r a t i f i c a t i o n  m igh t enhance  o r  

induce  r e s p o n s e  t o  i r r a d i a t i o n .

The f o l lo w in g  e x p e r im e n ts  were t h e n  conduc ted  to  t e s t  f o r  p o s s i b l e  p h y to -  

c hrome in v o Iv  em en t.

Achenes were s t r a t i f i e d  a t  4°C f o r  0 .5 ,  1 , I h ,  2 , 3 ,  6 , 9 ,  12, 15 and 20 

weeks. At each  t e s t  i n t e r v a l ,  a c h en e s  were removed from th e  " p o o l"  and 

i r r a d i a t e d  w i th  R o r  FR f o r  5, 10, 30 o r  60 m in u te s  d u r a t i o n .  Im m ed ia te ly  

a f t e r  i r r a d i a t i o n ,  achenes  were k e p t  a t  20°C i n  t h e  d a rk  f o r  su b se q u e n t  

e x p r e s s io n  o f  g e rm in a t io n .  T h is  g e rm in a t io n  t e m p e ra tu re  was u se d  b e c au se  

g e rm in a t io n  was n o t  c o m p le te ly  e x p re s s e d  in  d a r k n e s s ,  and a l s o  from th e  

p r e v io u s  r e s u l t s  (C hap te r  4 ) ,  u n c h i l l e d  achenes  do n o t  r e s p o n d  t o  R i r r a d i a t i o n  

a t  20 C c o n s t a n t  t e m p e ra tu re .

T re a tm e n t  c o n s i s t e d  o f  100 a c h en e s  in  9cm g l a s s  p e t r i  d i s h e s  as  d e s c r i b e d  

on page  35, and were r e p l i c a t e d  tw ic e .  G erm in a tio n  was d e te rm in e d  a f t e r  14 

d a y s .  The r e s u l t s  o f  5 ,  10, 30 , o r  60 m in u tes  i r r a d i a t i o n s  were n o t  s i g n i f i ­

c a n t l y  d i f f e r e n t  be tw een  t h e  t r e a t m e n t s ,  hence o n ly  30 m in u te s  r e s u l t s  a r e  

p r e s e n t e d  (F ig u re  5 . 2 ) .

IVhen s t r a t i f i e d  achenes  w ere  g e rm in a te d  a t  20°C and g iv e n  a l i g h t  t r e a tm e n t ,  

t h e  p r o g r e s s i v e  l o s s  o f  dormancy i s  s t i l l  n o ted  ( F ig u r e  5 . 2 ) .  There  i s  a 

c o n s i s t e n t  i n c r e a s e  i n  t h e  t o t a l  p e r c e n ta g e  g e rm in a t io n  f o r  t h e  R i r r a d i a t e d  

ove r  t h a t  o f  n o n - i r r a d i a t e d  a c h e n e s .  T h is  i n c r e a s e  i s  ab o u t  10 p e r c e n t  and 

i s  l e s s  th a n  th e  i n c r e a s e  prom oted by r e d  in  u n c h i l l e d  a c h en e s  (20 p e r c e n t .  

C hap te r  4 ) .  T h is  m igh t i n d i c a t e  t h a t  a s m a l le r  p r o p o r t i o n  o f  t h e  p o p u la t io n  

i s  s t i m u l a t e d  by R i r r a d i a t i o n .  I t  m igh t be s u g g e s te d  t h a t  as s t r a t i f i c a t i o n
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p r o g r e s s e s ,  achenes  become l e s s  r e s p o n s i v e  t o  R t r e a t m e n t ;  how ever, a s  lo n g  

as c o m p le te  g e rm in a t io n  was n o t  a t t a i n e d  an  R i n f l u e n c e  was s t i l l  m a n i f e s t .

The FR i r r a d i a t e d  achenes  gave  a p e r c e n ta g e  g e r m in a t io n  s i m i l a r  t o  t h a t  

o f  n o n - i r r a d i a t e d  achenes  d u r in g  t h e  f i r s t  6 weeks o f  s t r a t i f i c a t i o n  (F ig u re  

5 . 2 ) .  However, a f t e r  t h i s  p e r i o d ,  g e rm in a t io n  was com parab le  t o  t h a t  o f  R 

i r r a d i a t e d  a c h e n e s . The a n a ly s e s  o f  v a r i a n c e  d e m o n s t ra te  t h a t  t h e  e f f e c t  o f  

R i r r a d i a t i o n  f o r  O.S t o  6 weeks p e r i o d  o f  s t r a t i f i c a t i o n  i s  s i g n i f i c a n t l y  

d i f f e r e n t  a t  0 .1  p e r c e n t  o v e r  t h a t  o f  c o n t r o l  ( n o n - i r r a d i a t e d ) ,  o r  FR t r e a t ­

ments  ( F ig u re  5 ,2 ,  A n a ly s is  of  R e s u l t s ) .  However, a f t e r  12 weeks o f  s t r a t i ­

f i c a t i o n ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een R and FR, w h i l e  t h e  

d i f f e r e n c e  betw een R and c o n t r o l  t r e a tm e n t s  d e c re a s e d  to  5 p e r c e n t  l e v e l  

( F ig u re  5 .2 ,  A n a ly s is  o f  R e s u l t s ) .  The FR i r r a d i a t i o n  i s  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  o v e r  t h a t  o f  t h e  c o n t r o l  t r e a tm e n t  f o r  0 ,5  to  6 weeks s t r a t i f i c a t i o n  

p e r i o d ,  b u t  i t  was f o r  12 t o  20 weeks a t  5 p e r c e n t  l e v e l  (F ig u re  5 . 2 ,  A n a ly s is  

o f  R e s u l t s ) . I t  c o u ld  be a rg u e d  t h a t  as s t r a t i f i c a t i o n  e f f e c t s  d e v e lo p ,  

t h e r e  i s  a  g r a d u a l  lo s s  o f  r e s p o n s e  t o  R o r  FR t r e a t m e n t s ,  and d a rk  g e r m in a t io n  

i n c r e a s e s  u n t i l  t h e  e f f e c t  o f  R i s  c o m p le te ly  l o s t .  T here  i s  no i n t e r a c t i o n  

betw een s t r a t i f i c a t i o n  p e r i o d  and R i r r a d i a t i o n ,  which m igh t s u g g e s t  t h a t  th e

e f f e c t s  o f  s t r a t i f i c a t i o n  and R a r e  a d d i t i v e ,  b u t  o n ly  when each  i s  n o t  f u l l y

s a t u r a t e d .

E f f e c t  o f  R, FR o r  R+FR

I t  has  been shown t h a t  R s t i m u l a t e d  t h e  g e rm in a t io n  o f  a c h e n e s  p r e v i o u s l y

exposed t o  low t e m p e r a tu r e .  I t  was t h e n  n e c e s s a r y  t o  d e te rm in e  i f  t h i s

p rom o tive  e f f e c t  i s  u n d e r  t h e  phy tochrom e c o n t r o l .  Achenes were i r r a d i a t e d  

w ith  30 m in u te s  each o f  R, FR, o r  R+FR a f t e r  a  s p e c i f i c  p e r io d  a t  4 C and 

g e rm in a te d  a t  b o th  20°C and 35°C i n  t h e  d a r k .

The r e s u l t s  ( F ig u re  5 .3 )  d e m o n s t ra te  t h a t  t h e  enhancem ent e f f e c t  o f  R 

t r e a tm e n t  i s  r e v e r s e d  by FR a f t e r  8 weeks o f  s t r a t i f i c a t i o n .  The t o t a l  

p e rc e n ta g e  g e rm in a t io n  amongst n o n - i r r a d i a t e d  ( i . e .  c o n t r o l ) ,  FR o r  R+FR d id
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2
n o t  d i f f e r  s i g n i f i c a n t l y  ( F ig u r e  5 . 3 ,  x t e s t ) . However, t h e s e  t r e a t m e n t s  

in  most c a se s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from th e  R i r r a d i a t e d  a c h en e s  a f t e r  

8  weeks o f  c h i l l i n g  ( F ig u r e  5 . 3 ,  t e s t ) .

I r r a d i a t i o n  o f  c h i l l e d  ach en es  exposed  t o  a l t e r n a t i n g  te m p e ra tu re

The e f f e c t i v e  p o i n t  a t  which R o r  FR m igh t be e x p e c te d  to  enhance o r  

i n h i b i t  t h e  g e rm in a t io n  o f  ach en es  exposed  t o  c y c l i c a l  t e m p e ra tu re  r e g im es  

was examined.

Achenes were p l a c e d  i n  d i s t i l l e d  w a te r  a t  4°C f o r  8  weeks, and 100 a c h en e s

( r e p l i c a t e d  t h r i c e )  d i s p e n s e d  i n to  9cm g l a s s  p e t r i  d i s h e s  in  5ml o f  d i s t i l l e d

w a te r .  The d i s h e s  were s u b je c t e d  t o  5 c y c l e s  o f  an a l t e r n a t i n g  t e m p e r a tu r e

o f  20°C (16h) D/35°C ( 8 h) D i n  a 24h d i u r n a l  c y c l e .  R o r  FR was g iv e n  a t

d i f f e r e n t  p o i n t s  o f  th e  a l t e r n a t i n g  t e m p e ra tu re  ( b e f o r e ,  a f t e r  o r  b e f o r e  and

a f t e r )  and t h e n  t h e  i r r a d i a t e d  ach en es  t r a n s f e r r e d  to  35°C (u p p er  t e m p e ra tu re

p a r t  o f  t h e  c y c l e ) .  A f t e r  t h e  c y c l i c  t r e a t m e n t s ,  t h e  d i s h e s  were k e p t  a t

t h e  low er  t e m p e r a tu r e  o f  20°C (d a rk )  t o  a l lo w  th e  e x p r e s s io n  o f  g e rm in a t io n .

G e rm in a t io n  c o u n t  was r e c o r d e d  a f t e r  7 d a y s .

The p ro m o tiv e  o r  i n h i b i t o r y  e f f e c t s  o f  R o r  FR r e s p e c t i v e l y  were f u r t h e r

co n fi rm ed  by r e s u l t s  i n  F ig u r e  5 .4 ,  b o t h  where g e rm in a t io n  i s  a t  20°C o r  35°C.

These e f f e c t s  were i n v e s t i g a t e d  f u r t h e r  a t  t h e  n e a r  o p t im a l  c o n d i t i o n  of

a l t e r n a t i n g  t e m p e ra tu re s  ( i . e .  w i th  8 h a t  t h e  u p p e r  t e m p e ra tu re  i n s t e a d  o f  1 6 h ) .

The r e s u l t s  i n d i c a t e d  t h a t  g e r m in a t io n  a t  a l t e r n a t i n g  t e m p e r a tu r e  o n ly  ( i . e .

w i th  no i r r a d i a t i o n )  s t i m u l a t e d  c o n s i d e r a b l e  g e rm in a t io n  (F ig u re  5 .4 )  and was

s i g n i f i c a n t l y  d i f f e r e n t  from t h e  g e r m in a t io n  a t  c o n s t a n t  t e m p e r a t u r e s ,  b o th
2

n o n - i r r a d i a t e d  and  i r r a d i a t e d  ( F ig u r e  5 .4 ,  x (C h i -s q u a re d )  t e s t .  When th e  

a l t e r n a t i n g  t e m p e r a tu r e  i s  c o u p le d  w i th  R t r e a t m e n t s ,  a lm o s t  c o m p le te  g e rm in a t io n  

was o b ta in e d  (F ig u re  5 . 4 ) ,  and was s i g n i f i c a n t l y  d i f f e r e n t  from  t h e  non- 

i r r a d i a t e d  t r e a tm e n t  ( F ig u r e  5 .4 ,  1 F a c to r  V a r i a n c e ) .  However, i f  FR i r r a d i a t i o n  

was g i v e n ,  t o t a l  p e r c e n ta g e  g e r m in a t io n  d e c re a s e d  and was com parab le  to  t h a t  

o f  c o n t r o l  ( n o n - i r r a d i a t e d  a c h en e s )  (F ig u re  5 . 4 ) .  Both t h e  enhancem ent o r
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i n h i b i t o r y  e f f e c t  o f  R o r  FR r e s p e c t i v e l y  i s  m a n i f e s te d  in  t h e  a l t e r n a t i n g  

t e m p e r a t u r e ' t r e a t m e n t . The p o i n t  o f  R o r  FR i r r a d i a t i o n  d u r in g  th e  c y c l in g  

p e r i o d  i s  o f  no c o n seq u e n c e ,  and h ig h  p e r c e n ta g e  g e r m in a t io n  was s t i l l  o b ta in e d  

i f  R o r  FR i s  g iv e n  b e fo re  o r  a f t e r  t r a n s f e r  to  35°C te m p e ra tu re  (F ig u re  5 .4 ,

2 F a c to r  V a r i a n c e ) .

The above o b s e r v a t io n s  c o n t r a s t  w i th  t h e  work o f  M a n c in e l l i  a t  (1966) 

in  tom ato  s e e d s ,  where t h e y  found  t h a t  f a r - r e d  i r r a d i a t i o n  induces  phytochrom e 

r e q u i r e m e n t  i n  p r e v i o u s l y  d a r k  g e rm in a t in g  tom ato  s e e d s .

Ef f e c t  o f  s t r a t i f i c a t i o n  in  an  a tm osphere  e n r i c h e d  in  c a rb o n  d io x id e  o r  n i t r o g e n

The e f f e c t s  o f  ca rb o n  d i o x id e  and n i t r o g e n  d u r in g  s t r a t i f i c a t i o n  a t  4°C 

were d e te rm in e d  a s  d e s c r i b e d  below .

T hree  hundred  achenes  w ere  p la c e d  i n s i d e  a 50ml Pyrex ampoule a lo n g  w i t h  

c u t  p i e c e s  o f  4.25cm Whatman No. 3 f i l t e r  p a p e r  t o  a b s o rb  and  h o ld  t h e  3m1 o f  

d i s t i l l e d  w a te r  added to  i t .  The ampoule was t h e n  j o in e d  t o  a  g l a s s  m a n ifo ld  

w i th  r u b b e r  tu b in g  which was f i t t e d  t o  a m ercu ry  m anom eter. The g l a s s  

m a n ifo ld  was c o n n e c te d  t o  s o u rc e s  o f  N^, CO^ and to  a  vacuum pump by r u b b e r  

t u b in g ,  and gas  flow  r e g u l a t e d  by s to p c o c k s .

The gas  m ix tu re s  were i n t r o d u c e d  by a l lo w in g  e n t r y  o f  e a ch  component o f  

t h e  m ix tu re s  t o  t h e  e v a c u a te d  system  a c c o r d in g  t o  t h e  manometer r e a d i n g s .

The whole sys tem  was pu rged  tw ic e  w i th  t h e  m ix tu re  to  e n su re  t h a t  t h e  f i n a l  

r e c i p e  was a s  s t a t e d .  The d e s i r e d  q u a n t i t y  o f  gas  m ix tu r e s  i n t r o d u c e d  was 

a s  d e s c r i b e d  by  H art  and B e r r i e  (1 9 6 6 ) .

A f t e r  i n t r o d u c in g  t h e  gas  m ix t u r e s ,  t h e  s to p c o c k s  w ere  c lo s e d .  The 

ampoule was t h e n  s e a l e d  and d i s c o n n e c te d ,  c o v e re d  w i th  f o i l  and in c u b a te d  a t  

4°C f o r  B w eeks . The a tm o sp h e re s  u se d  were 1 ,  and 4 p e r c e n t  CO^ i n  N^, and 

100 p e r c e n t  N^. This  p r o c e d u re  was ad o p te d  to  e n s u re  t h a t  t h e  gas m ix tu re  

i n t r o d u c e d  a t  t h e  s t a r t  o f  t h e  ex p e r im en t  was m a in ta in e d  th ro u g h o u t  t h e  low 

te m p e ra tu re  p r e t r e a t m e n t  p e r io d .

A f t e r  t h e  low t e m p e ra tu re  p r e t r e a t m e n t  p e r i o d ,  t h e  ampoules were b ro k en
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and th e  achenes  d i s p e r s e d  as  b a tc h e s  o f  100 i n t o  9cm p e t r i  d i s h e s  in  5m 1 o f

d i s t i l l e d  w a te r  as  d e s c r i b e d  i n  t h e  G en e ra l  M a te r i a l s  and M ethods.

T re a tm e n ts  w ere  r e p l i c a t e d  t h r i c e ,  and g e rm in a t io n  to o k  p l a c e  a t  20 C i n

t h e  d a r k .  R a d ic le  p r o t r u s i o n  was r e c o r d e d  a f t e r  14 d a y s .

I t  h a s  e a r l i e r  b e e n  n o te d  ( S to k e s ,  1965) t h a t  a c c e s s  t o  a i r  i s  a  p r e ­

r e q u i s i t e  f o r  s t r a t i f i c a t i o n  to  t a k e  p l a c e .  To t e s t  t h i s ,  P. p e r s i c a r i a  

ach en es  were s t r a t i f i e d  i n  a tm o sp h e re s  e n r i c h e d  i n  c a rb o n  d io x id e  o r  n i t r o g e n  

o r  k e p t  i n  a i r .  The r e s u l t s  ( F ig u r e  5 .5 )  d e m o n s t ra te  t h a t  p e rc e n ta g e  

g e rm in a t io n  o f  a c h en e s  s t r a t i f i e d  i n  a i r  d id  n o t  s i g n i f i c a n t l y  d i f f e r  from 

th o s e  s t r a t i f i e d  in  4 p e r c e n t  0 0 ^ /9 6  p e r c e n t  ( F ig u re  5 . 5 ,  x t e s t ,  no .  1 ) .

At 1 p e r c e n t  CO^/99 p e r c e n t  N^, t o t a l  p e rc e n ta g e  g e r m in a t io n  was h ig h e r  compared

to  a i r  s t r a t i f i e d  a c h en e s  and h i g h e s t  g e rm in a t io n  o c c u r r e d  i n  1 0 0  p e r c e n t
2

n i t r o g e n  ( F ig u re  5 . 5 ) .  The x (C h i- s q u a re d )  t e s t  v a lu e  be tw een  a i r  t r e a t m e n t

and 4 p e r c e n t  COg/Ob p e r c e n t  N^; 1 p e r c e n t  CO^/OO p e r c e n t  o r  100 p e r c e n t
2

Ng i n c r e a s e s  w i th  an i n c r e a s e  i n  n i t r o g e n  c o n c e n t r a t i o n s  (F ig u re  5 .5 ,  x t e s t ,

n o s .  1 , 2 , 3 ) .  T h is  m ig h t  s u g g e s t  t h a t  n i t r o g e n  a tm ospheres  enhance  s t r a t i f i -
2

c a t i o n  p r o c e s s .  And a g a i n ,  t h e  x v a lu e  f o r  100 p e r c e n t  and 4 p e r c e n t  CO^/

96 p e r c e n t  i s  g r e a t e r  t h a n  t h a t  f o r  1 0 0  p e r c e n t  and 1  p e r c e n t  CO^/OO
2

p e r c e n t  ( F ig u re  5 . 5 ,  x t e s t ,  nos.. 5 , 4 ) ,  s u g g e s t in g  a  p ro m o tiv e  e f f e c t  o f

h ig h e r  n i t r o g e n  c o n c e n t r a t i o n  o r  i n h i b i t o r y  e f f e c t  o f  g r e a t e r  CO2  c o n c e n t r a t i o n s

However, t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een t h e  a i r  ( c o n t r o l )  t r e a t m e n t
2

and 4 p e r c e n t  CO  ̂ t r e a tm e n t  (F ig u re  5 .5 ,  x t e s t ,  no, 1 ) ,  an i n d i c a t i o n  t h a t  

even t h i s  h ig h  c o n c e n t r a t i o n  ( i . e .  4 p e r c e n t  CO2 ) d i d  n o t  r e t a r d  th e  s t r a t i f i ­

c a t i o n  p r o c e s s .  I t  c o u ld  be a rg u e d  from t h e s e  r e s u l t s  t h a t  w h i le  an a n a e r o b ic  

a tm osphere  i n  n i t r o g e n  enhances  s t r a t i f i c a t i o n  p r o c e s s ,  h ig h  CO2  c o n c e n t r a t i o n s  

m igh t n o t  a f f e c t  i t .  W hether t h e  mechanism in v o lv e d  in  s t r a t i f i c a t i o n  i s  an 

a e ro b ic  o r  a n a e ro b ic  i s  n o t  known. These o b s e r v a t io n s  a g re e  w i th  t h o s e  o f  

Webb and Dumbroff (1969) t h a t  oxygen was no t  a l i m i t i n g  f a c t o r  i n f l u e n c i n g  

s t r a t i f i c a t i o n  in  Acer s a cc h a ru m .
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G erm ination Response from d i f f e r e n t  h a r v e s t s  to  s t r a t i f i c a t i o n  a t  4 °C

The e f f e c t s o f  s t r a t i f i c a t i o n  a t  4 C w ere  compared f o r  1981 and 1982 

h a r v e s t e d  achenes a t  g e r m in a t io n  te m p e ra tu re s  o f  15 C, 20 C, 25 C o r  35 C in  

t h e  d a rk  a f t e r  d i f f e r e n t  s t r a t i f i c a t i o n  p e r io d s  o f  2 , 4, 6 , 8 , 10 o r  12 w eeks.

The d e g re e  o f  dormancy c o u ld  be i n f lu e n c e d  by e n v iro n m e n ta l  f a c t o r s  

o p e r a t i n g  d u r in g  th e  m a t u r a t i o n  o f  t h e  achenes  (as r e p o r t e d  f o r  o t h e r  s p e c i e s  

i n  t h e  G enera l  I n t r o d u c t i o n ) .  T h is  co u ld  be  r e f l e c t e d  i n  t h e  s t r a t i f i c a t i o n  

p r o c e s s  b e c a u s e  achenes  p o s s e s s i n g  deep dormancy m igh t t a k e  a l o n g e r  p e r i o d  o f  

s t r a t i f i c a t i o n  t o  a c h ie v e  t h e  same p e r c e n ta g e  g e rm in a t io n  as  l e s s  dorm ant 

a c h e n e s .  The r e s u l t s  o f  s t r a t i f i c a t i o n  a t  4 C (F ig u re  5 .6 )  d e m o n s t ra te  t h a t  

t h e  d e g re e  o f  dormancy d i f f e r s  be tw een  t h e  achenes h a r v e s t e d  in  1981 and th o s e

o f  1982, The achenes  o f  1982 h a r v e s t  a r e  l e s s  do rm an t ,  g iv in g  a h ig h e r

p e rc e n ta g e  g e rm in a t io n  t h a n  th o s e  h a r v e s t e d  i n  1981 when g iv e n  an  equa l  p e r i o d

o f  s t r a t i f i c a t i o n  a t  4 C.

The d i f f e r e n c e s  betw een  th e  h a r v e s t s  a r e  q u a n t i t a t i v e  n o t  q u a l i t a t i v e ,  

dormancy b e in g  an i n n a t e  c h a r a c t e r  o f  t h e  achene a t  m a t u r i t y ,  b u t  t h e  d e p th  

o f  dormancy v a r i e s  a c c o r d in g  t o  t h e  c o n d i t i o n s  d u r in g  m a t u r a t i o n .

The c l i m a t o l o g i c a l  d a t a  f o r  t h e  months o f  June  to  O c to b e r  and o f  1981 and 

1982 a r e  p r e s e n te d  i n  T ab le  5 . 1 .  The v a r i a t i o n s  i n  a i r  t e m p e r a t u r e ,  r a i n f a l l ,  

p r e c i p i t a t i o n  and hou rs  o f  b r i g h t  s u n s h in e  be tw een  1981 and 1982 d u r in g  t h e  

m a tu r a t io n  o f  t h e  achenes  m igh t im pose a d i f f e r e n t  degrees  o f  dormancy, which 

a r e  r e f l e c t e d  i n  t h e i r  r e s p o n s e  to  s t r a t i f i c a t i o n .
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FIGURE 5.2
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F ig u re  5 .2 .

A nalyses  o f  R e s u l t s  : 2 F a c to r  V a r ia n c e

R vs  FR T rea tm en t

0 .5  to  6  weeks s t r a t i f i c a t i o n  p e r io d

S ource
D egree o f  

Freedom
Sum o f  
S quare

Mean
Square F

S i g n i f i c a n t
Level

R e p l i c a t e s 1 3 .4502 3,4502 0.673104 N.S.

S t r a t i f i c a t i o n P e r io d (A) 5 2064,68 412 .937 80.5605 ***

R vs FR (B) 1 290 .506  :290.506 56.6752 ** *

A X B 5 187.617 37.5234 7.3205 N.S,

E r ro r 1 1 56.3838 5.1258

T o ta l 23 2602.64

1 2  to 2 0 weeks s t r a t i f i c a t i o n  p e r io d

R e p l i c a t e s 1 0.15625 0,15625 0 .0526732 N.S.

S t r a t i f i c a t i o n P e r io d (A) 2 227,434 113.717 38,3349 ***

R v s  FR (B) 1 2.42969 2,42969 0.819068 N.S.

A X B 2 2.96904 1,48047 0.499078 N.S.

E r ro r 5 14.832 2,96641

T o ta l 1 1 247.813
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F ig u re  5. 2.

A na lyses  o f  R e s u l t s  c o n td .

R vs C o n t r o l  ( N o n - i r r a d i a t e d )  T re a tm e n t  

0 .5  to  6  weeks s t r a t i f i c a t i o n  p e r i o d
!■

S o u rce
D egree  o f  

Freedom
Sum o f  
S quare

Mean
S quare

S i g n i f i c a n t
l e v e l

R e p l i c a t e s  1 2 .40332  2 .40332 0 ,643888

S t r a t i f i c a t i o n  P e r io d  (A) 5 2383.62  476 .725  127 ,722

R vs  C o n t ro l  (No R) (B) 1 369 .73  369 ,73  99 .0568

A X B 5 27 ,0586  5 ,41172 1 ,44989

E r r o r  11 41 .0576  3 .73251

T o ta l  23 2823.87

N.S,

N.S

1 2  to  2 0  weeks s t r a t i f i c a t i o n  p e r io d

R e p l i c a t e s  1 2 .16406  2 .16406

S t r a t i f i c a t i o n  P e r io d  (A) 2 150.742 75 .3711

R vs  C o n t ro l  (No R) (B) 1 98 .0391  98.0391

A X B 2 2 .00781 1.00391

E r r o r  5 55 .6523  11.1305

T o ta l  11 308 .605

0.194427 N.S

6.7716 *

8.80817 *

0.0901944 N.S

Î

I
= 1
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F ig u re  5 .2 .

A nalyses o£ R e s u l t s  contd, î

Source

FR vs C o n t r o l  ( N o n - i r r a d i a t e d )  T rea tm en t

0 .5  t o  6  weeks s t r a t i f i c a t i o n  p e r io d

D egree  o f  Sum o f  Mean 
____________ Freedom______Square  Square

R e p l i c a t e s  1

S t r a t i f i c a t i o n  P e r io d  (A) 5

FR vs C o n t ro l  (No R) (B) 1

A X B 5

E r r o r  11

T o ta l  23

0.000976563 0,000976563 

2222.2  444.44

,S

S i g n i f i c a n t
F l e v e l_ _ _ _ _ _ _ _ _  .

0.000192884 N.S.

4 .7666

88 .1729

55.6924

2370.83

4 .7666

17.6346

5 .06294

87.738

0 .941468

3.48307

N.S.

N.S.

1 2  t o  2 0  weeks s t r a t i f i c a t i o n

R e p l i c a t e s  1

S t r a t i f i c a t i o n  P e r io d  (A) 2

FR v s  C o n tro l  (No R) (B) 1

A X B 2

E r r o r  5

T o ta l  11

0 .0234375  0 .0234375

193 .387  96 .6934

131 .344

7,87891

70.332

402 ,965

131,344

3 .93945

14.0664

0.0016662 N.S. 

6 .87406  *

9 .33741  *

0.280061 N .S .

_____
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F ig u re  5 .5 .

A n a ly s is  o f  R e s u l t s  : x ( C h i - s q u a re d )  T e s t

GERMINATION AT 20°C DARK

Source 2

X
b i g n i r i c a n r  

p l e v e l

C o n t r o l  (No I r r a d i a t i o n ) v s  R 6  .84378 p < 0 . 0 1 **

H v s  FR 0 .110103 p > 0 .0 5 N .S .

f? vs R+FR 0 .973247 p > 0 .05 N.S.

R v s  FR 9 .16741 p < 0 . 0 1 * *

R vs R+FR 2.40677 p > 0 .05 N.S.

GERMINATION ,AT 35°C DARK

C o n t r o l  (No I r r a d i a t i o n ) vs  R 1 0 , 014 p < 0 . 0 1 ■k *

ti vs FR 0 .0075 p > 0 .05 N.S.

ti vs R+FR 1.04595 p > 0 .0 5 N.S,

R v s  FR 11.1267 p < 0 . 0 0 1
***

R v s  R+FR 4 .62007 0.05>p>0.01 *

2 F a c to r  V a r ia n c e

COMPARISON BETWEEN 2 0 °C AND 35°C TREATMENTS

Degree o f Sum o f Mean S i g n i f i e ;
Source Freedom S quare Square  F l e v e l

R e p l i c a t e s 2 2.23438 1.11719 0 .234687 N.S.

L ig h t  I r r a d i a t i o n s  (A) 3 274 .625 91 .5417  19.2301 * * *

20°C vs 35°C (B) 1 40.0469 40.0469 8 ,41264 *

A X B 3 23 .7734 7.92448 1 .66469 N.S.

E r ro r 14 66 .6445 4 .76032

T o ta l 23 407 .324
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F ig u re  5 .4 .

A n a ly s e s  o f  R e s u l t s  : x (C h i - s q u a re d )  T e s t

131

S ource
S i g n i f i c a n t

l e v e l

C o n s ta n t  20°C : R v s  N o n - i r r a d i a t e d  12 .6505  p < 0 .001
(No R)

" : FR v s  ” 0 .326725  p > 0 .0 5

" : R v s  FR 17 .6539  p < 0 .001

N.S.

* *  *

C o n s ta n t  35°C

No R 

R 

FR

R vs  N o n - i r r a d i a t e d  
(No R)

FR v s  "

R vs  FR

20°C(16h)D/35°C(8h)D vs 20°C

vs

vs

4 .86346  0 .05>p>0.01

No R : 20°C(16h)D/35°C(8h)D  v s  35*C 

R : '* vs "

FR : "  v s  "

6 .75368 

23 .6267

26.0684

2.22593

32.9725

44 .6732

19.9399

85.3125

p < 0 . 0 1  

p < 0 . 0 0 1

p < 0 . 0 0 1

p > 0 .0 5

p < 0 . 0 0 1

p < 0 . 0 0 1  

p < 0 . 0 0 1  

p < 0 . 0 0 1

1 F a c to r  V a r ia n c e  

Com parison amongst A l t e r n a t i n g  T em pera tu re  T re a tm e n ts

Source
Degree o f  

Freedom
Sum o f  
S quare

Mean
Square F

N .S .

S i g n i f i c a n t
l e v e l

R e p l i c a t e s

R vs  N o n - i r r a d i a t e d  (No R) 

E r r o r  

T o ta l

2 4 9 .7305  24 .8652

2 448 .395  224.197

4 55 .8516  13.9629

8  553 .977

1 .7808  

16 .0567

N.S.
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F ig u re  5 . 4 .

Analyses of R e su l t s  co n td .

1 F a c to r  V a r ia n c e  

Com parison  am ongst A l t e r n a t i n g  T em pera tu re  t r e a t m e n t s

S o u rc e
D egree o f  

Freedom
Sum o f  
S q u a re

Mean
Square

S i g n i f i c a n t
l e v e l--------------------

R e p l i c a t e s

FR vs N o n - i r r a d i a t e d  (No R) 

E r r o r  

T o ta l

2 9 .71289  4 .85645

2 25 .5566  12 .7783

4 21.2051 5 .30127

8  56 .4746

0.916091

2.41043

2 F a c to r  V a r ia n c e  

A l t e r n a t i n g  T e m p era tu re  (R) v s  A l t e r n a t i n g  T em p era tu re  (FR)

N.S.

N.S.

Source
Degree o f  

Freedom
Sum o f  
Square

Mean
Square F

S i g n i f i e
lev e l

R e p l i c a t e s 2 25.4258 12 .7129 0.981207 N.S

R v s  FR (A) 1 995.535 995 .535 76.8375 ***

P o i n t  o f  I r r a d i a t i o n  (B) 
(B e fo re  o r  A f t e r )

1 6.3125 6.3125 0.487212 N.S

A X B 1 0.0898438 0.08984380 0.0069343 N.S

E r ro r 6 77.7383 12 .9564

T o ta l 1 1 1105 .1

I
i

I
I?
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F ig u re  5 . 5 ,

A n a ly s i s  o f  R e s u l t s  : x ( C h i - s q u a re d )  T e s t

m

S e r i a l
Number Source

S i g n i f i c a n t
l e v e l

A i r  ( c o n t r o l )  v s  4 p e r c e n t  CO^ 

" vs  1  p e r c e n t  CO^

1 p e r c e n t  CO^ v s  4 p e r c e n t  CO^

0.567466 P > 0.05 N.S

8.38768 P < 0 . 0 1 * *

' 2
40.2233 P < 0 . 0 0 1 * **

' 2
11.9671 P < 0 . 0 0 1 * **

2
50.859 P < 0 . 0 0 1 * * *

13.8675 P < 0 . 0 0 1 * **

I

i

;
i

vvi-j i;y,:
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FIGURE 5.6
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F ig u re  5 . 6 .

A n a ly s i s  o f  R e s u l t s  : 1 F a c to r  V a r ia n c e

1981 vs  1982 H a rv e s t  

15 C G e rm in a t io n

S ource
D egree  o f  

Freedom
Sum o f  
S quare

Mean
S quare F

S i g n i f i c a n t
l e v e l

R e p l i c a t e s 1 10 .3984 10.3984 1.10696 N .S .

Exposure  Time (A) 3 6030 .87 2010.29 214.004 ***

1981 v s  1982 (B) 1 2320 .83 2320.83 247.062 ** *

A X B 3 496 .111 165.37 17.6044 * *

E r ro r 7 65 .7559 9.39369

T o ta l 15 8923 .97

20 C G e rm in a t io n

R e p l i c a t e s 1 1.88281 1.88281 0.282627 N.S.

Exposure  Time CA) 3 2496 .91 832 .303 124 ,936 ***

1981 vs  1982 CB) 1 2832 ,89 2832.89 425 .242 * **

A x B 3 300 .84 100.28 15.0529 **

E r r o r 7 46 ,6328 6.66183

T o t a l 15 5679 .16

25 C G e rm in a t io n

R e p l i c a t e s 1 7.29297 7.2927 0.680075 N.S.

Exposure  Time (A) 3 2666 .45 888 ,815 82.8827 ***

1981 vs 1982 (B) 1 5 3 1 7 .76 3317.76 309.384 •kieit

A X B 3 369.391 123.13 11 .482 * *

E r r o r 7 75.0664 10.7238

T o ta l 15 6435 .96

:

Î
.i
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A n a ly s i s  o f  R e s u l t s  : 1 F a c to r  V a r ia n c e  con td ,
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35 C G e rm in a t io n  

Degree  o f  Sum o f Mean S i g n i f i c a n t
Source Freedom S quare Square F Level

R e p l i c a t e s 1 20.6992 20.6992 3 .77422 N.S.

E xposu re  Time (A) 3 2303.18 767 .727 139 .984 ***

1981 v s  1982 (B) 1 1069.29 1069,29 194 .969 ***

A X B 3 241.574 80 .5248 14.6826 * **

E r r o r 7 38 .3906 5.48438

T o t a l 15 3673.13

Si

Î

#

I
..S i

Î

s
i
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CHAPTER 6

EFFECT OF HIGH ÇSUPRAQPTIMAL) TEMPERATURE

INTRODUCTION 

SECONDARY DORMANCY 

Thermodormanqy

I n  th e  f i e l d ,  b u r i e d  a c h en e s  a r e  s u b j e c t e d  to a n n u a l  c y c le s  o f  

t e m p e ra tu re  r a n g in g  from  s t i m u l a t o r y  low d u r in g  w i n t e r  m onths ( low - 

" s t r a t i f i c a t i o n " )  w hich  b r e a k s  dormancy t o  u n f a v o u r a b le  h ig h  summer 

t e m p e ra tu re s  ( a t  which a c h en e s  w i l l  n o t  g e rm in a te )  w hich  m ig h t  induce  

s e co n d a ry  dorm ancy. T h is  s e a s o n a l  c y c le  r e s u l t s  p o s s i b l y  i n  changes in  

t h e  dormancy c h a r a c t e r i s t i c s  o f  th e  p o p u l a t i o n  o f  b u r i e d  a c h e n e s .  B u r ia l  

h a s  been  r e p o r t e d  t o  in d u ce  s e co n d a ry  dormancy i n  t h e  a c h en e s  ( S t a n i f o r t h  

and  C ave rs ,  1 9 7 9 b ) . Achenes b u r i e d  i n  t h e  s o i l  were in  a s t a t e  o f  p r im a ry  

dormancy w hich  was removed in  autumn and w i n t e r  months an d  s e c o n d a ry  dormancy 

imposed in  l a t e  s p r i n g  and  e a r l y  summer months (K a rs se n ,  1 9 8 0 /81b; R o b e r ts  

and  N e il  son , 198 0 ) .  These a u t h o r s  s u g g e s t e d  t h a t  h ig h  te m p e ra tu re s  were 

r e s p o n s i b l e  f o r  t h e  i n d u c t io n  o f  t h i s  s e co n d a ry  do rm ancy . Thus, P . p e r s i c a r i a  

shows a  s e a s o n a l  c y c l i c  p a t t e r n  o f  non-dorm ancy and dormancy w hich  r e f l e c t  

c hang ing  t e m p e r a t u r e s .  K arssen  (1980 /81b)  o b se rv e d  t h a t  t h e  seco n d a ry  

dormancy was n o t  imposed by l a c k  o f  oxygen o r  h ig h  c a rb o n  d io x id e  l e v e l  a t  

th e  d e p th  o f  10cm t e s t e d .  Ransom (1 9 3 5 ) ,  however, s u g g e s te d  t h a t  l a c k  o f  

0^ in d u ces  s e c o n d a ry  dormancy. B u r ia l  a l s o  induced  l i g h t  s e n s i t i v i t y  i n  

p r e v i o u s l y  n o n - l i g h t  s e n s i t i v e  a c h e n e s ,  and g e rm in a t io n  o c c u r r e d  o n ly  i n  th e  

l i g h t  (Wesson and  W are ing , 1969) .  In  th e  l a b o r a t o r y ,  t h e  i n d u c t i o n  o f  

s e c o n d a ry  dormancy by h ig h  t e m p e r a tu r e  has been  n o te d  (Bayer and  B u ch h o l tz ,

1957; Ransom, 1935).

Room T em pera tu re  D rying  a f t e r  S t r a t i f i c a t i o n

Drying a t  room t e m p e ra tu re  has  been  r e p o r t e d  to impose se c o n d a ry  

dormancy on non-dorm ant a c h e n e s ,  and t h i s  c o u ld  be b ro k en  by s t r a t i f i c a t i o n
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(B ayer a n d  B u c h h o l tz ,  1957; S t a n i f o r t h  and C a v e rs ,  1979b ) .  J u s t i c e ' s  (1941) 

r e s u l t s  d e m o n s t ra te d  t h a t  o n ly  a  s m a l 1  p r o p o r t i o n  o f  Polygonum p e r s i c a r i a  

e x h i b i t e d  se c o n d a ry  dormancy and t h a t  t h i s  s p e c i e s  i s  l e a s t  a f f e c t e d ,  com pared 

to  o t h e r  Polygonum s p e c i e s ,  a f t e r  50 days o f  d r y in g  a t  room t e m p e r a t u r e .

The g e rm in a t io n  o f  t h e  o t h e r  Polygonum s p e c i e s  a f t e r  i n d u c t i o n  o f  s e c o n d a ry  

dormancy ra n g e d  from 0 -2 0  p e r c e n t  w h i l e  c o n t r o l s  gave  from 65-98 p e r c e n t .  

However, P. p e r s i c a r i a  gave 71 p e r c e n t  a f t e r  d ry in g  and th e  c o n t r o l  gave  90 

p e r c e n t ,

AFTER-RIPENING

Dry S to ra g e  a t  High T em pera tu re

The e f f e c t  o f  h ig h  t e m p e r a tu r e  d r y  s t o r a g e  on dorm ant a c h en e s  h a s  been  

r e p o r t e d  by J u s t i c e  (1 9 4 1 ) ,  who o b s e rv e d  t h a t  t e m p e ra tu re s  o f  20°, 25°,

3 0 ° ,  35° and 40°C d id  n o t  b r e a k  dormancy o f  achenes  e v en  a f t e r  6  m onths .

A ls o ,  he n o te d  t h a t  a i r - d r y  s t o r a g e  a t  room te m p e r a tu r e  (1 -3 6  m onths)  f o r  

a c h e n e s  w i t h  p e r i c a r p  removed, s c a r i f i e d ,  i n t a c t  and even w i t h  naked se e d s  

d i d  n o t  r e s u l t  in  g e r m i n a t io n .

I n  m ost o f  t h e  w orks c i t e d  above , t h e  e f f e c t s  o f  h i g h  t e m p e r a tu r e  b o th  

on imbibed and non-iiribibed a c h e n e s  h av e  n o t  been  c a r r i e d  o u t  i n  d e t a i l .

A lso  th e  e f f e c t s  o f  l i g h t  and g row th  r e g u l a t o r s ,  e . g .  g i b b e r e l l i c  a c id  (GA^), 

and k i n e t i n ,  i n  a f f e c t i n g  s e c o n d a ry  dormancy in d u c e d  by h i g h  t e m p e r a tu r e  in  

t h e  im bibed  s t a t e ,  have  n o t  been  t e s t e d .  In  t h i s  s t u d y ,  t h e  v iew t h a t  Red 

l i g h t  (R) and  growth r e g u l a t o r s  l i k e  k i n e t i n  and  GA  ̂ m igh t  p r e v e n t  o r  b r e a k  

" therm odorm ancy", was i n v e s t i g a t e d .  Also t h e  e f f e c t  o f  d r y in g  a t  room 

t e m p e r a tu r e  (20°C in  t h e  d a rk )  was i n v e s t i g a t e d  in  a c h e n e s  w i th  p r im a ry  

dormancy b ro k e n  by s t r a t i f i c a t i o n  t r e a t m e n t s .  The e f f e c t s  o f  h ig h  t e m p e ra tu re  

o f  35°C i n  t e r m in a t in g  th e  p r im a ry  dormancy o f  achenes  i n  d ry  s t o r a g e  was a l s o  

t e s t e d .
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MATERIALS AND METHODS

S t r a t i f i c a t i o n  T re a tm e n t

The t r e a tm e n t  was c a r r i e d  o u t  a s  d e s c r i b e d  on page 3 4 . 

L ig h t  T rea tm en t

Achenes

The achenes  u sed  were h a r v e s t e d ,  c le a n e d  and s t o r e d  as  d e s c r ib e d  in  

t h e  G e n e ra l  M a t e r i a l s  and M ethods.

I l l u m i n a t i o n  i n  t h e  g row th  c a b i n e t  was p r o v id e d  by f l u o r e s c e n t  t u b e s .  

Red l i g h t  (R) i r r a d i a t i o n  was g iv e n  by means o f  t h e  i r r a d i a t o r  (page 3 4 ) ,  

A l l  m a n ip u la t io n s  and g e r m in a t io n  c o u n ts  were c o n d u c ted  unde r  g r e e n s a f e  

l i g h t  c o n d i t i o n s .

High T em p era tu re  T re a tm e n t  on S t r a t i f i e d  Achenes - (" therm odorm ancy")

Achenes s t r a t i f i e d  a t  4°C w ere  c o u n te d  i n t o  9 cm g l a s s  p e t r i  d i s h e s  and 

e i t h e r  in c u b a te d  in  d i s t i l l e d  w a te r  o r  g row th  r e g u l a t o r s  (GA^), k i n e t i n  (K ), 

o r  GA^+K. D ish e s  were k e p t  i n - c o n t in u o u s  d a rk  a t  40 C f o r  s p e c i f i e d  p e r i o d s .  

Growth r e g u l a t o r s  were a p p l i e d  e i t h e r  d u r in g  o r  a f t e r  t h e  40°C t r e a tm e n t  

p e r i o d .  In  some e x p e r im e n t s ,  a c h e n e s  soaked  in  w a te r  a t  40°C i n  th e  d a rk  

w ere  i r r a d i a t e d  d a i l y  w i th  Red (R) l i g h t  e i t h e r  d u r in g  o r  a f t e r  t h e  p e r i o d  

a t  40°C d a rk  i n c u b a t i o n .

Achenes exposed to  40°C were g e rm in a te d  in  9cm g l a s s  p e t r i  d i s h e s  on one 

9cm Whatman g rad e  181 f i l t e r  p a p e r  and m o is ten e d  w ith  5m1 o r  10ml (ex c e p t  

where i n d i c a t e d )  o f  d i s t i l l e d  w a te r  o r  a p p r o p r i a t e  s o l u t i o n s .

To d e te rm in e  t h e  a b i l i t y  o f  g ro w th  r e g u l a t o r s  t o  p r e v e n t  o r  b reak  th e  

" se c o n d a ry  dormancy" induced  by h ig h  t e m p e r a t u r e s ,  achenes  were in c u b a te d  in  

s o l u t i o n s  o f  g row th  r e g u l a t o r s  e i t h e r  b e f o r e  o r  a f t e r  t h e  h ig h  te m p e ra tu re  

t r e a t m e n t  and g e rm in a te d  a t  t h e  a p p r o p r i a t e  c o n d i t i o n s .

A lso  th e  e f f e c t  o f  Red (R) to  p r e v e n t  o r  b r e a k  th e  " s e c o n d a ry  dormancy" 

was e q u a l ly  t e s t e d  by i r r a d i a t i n g  achenes  d a i l y  w i th  R l i g h t  d u r in g  th e  p e r io d
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a t  40 °C t r e a tm e n t  or a f t e r .

The e f f e c t  o f  a  second p e r i o d  o f  c h i l l i n g  i n  t e r m i n a t i n g  t h e  " s e c o n d a ry  

dormancy" induced  by h ig h  t e m p e ra tu re  was exam ined . A f t e r  t h e  d e s i r e d  

p e r io d  a t  40°C i n  t h e  d a r k ,  t r e a t e d  achenes  were t r a n s f e r r e d  back t o  4°C f o r  

a g iv e n  d u r a t i o n  and t h e n  g e rm in a te d  a t  d e s i r e d  c o n d i t i o n s .

Room T e m p era tu re  D ry ing  a f t e r  S t r a t i f i c a t i o n  T re a tm e n t

A f t e r  s t r a t i f i c a t i o n  a t  4°C o r  10°C f o r  12 o r  24 weeks r e s p e c t i v e l y ,  

w a te r  a d h e r in g  on th e  s u r f a c e  o f  ach en es  was removed by b l o t t i n g  w i th  f i l t e r  

p a p e r .  The ach en es  were s t o r e d  in  9cm g l a s s  p e t r i  d i s h e s  c o v e re d  w i th  

a lum inium  f o i l  and k e p t  d ry  i n  t h e  room (under  t h e  g r e e n s a f e  l i g h t )  a t  20°C. 

A f t e r  a  s p e c i f i c  i n t e r v a l  ( i n d i c a t e d  i n  th e  r e s u l t s ) ,  a c h en e s  were rem oved, 

t r a n s f e r r e d  back to  4°C f o r  4 weeks b e f o r e  g e rm in a t in g  a t  t h e  d e s i r e d  

c o n d i t i o n s .  In  some e x p e r im e n t s ,  achenes  were in c u b a te d  i n  GA^ o r  k i n e t i n  

a f t e r  t h e  d r y in g  t r e a t m e n t .

Dry S to ra g e  a t  3S°C (d a rk )  on Dormant Achenes - ( A f t e r - r i p e n i n g )

The e f f e c t s  o f  a i r - d r y  s t o r a g e  a t  35°C on achenes  were i n v e s t i g a t e d .  

F re s h  a c h e n e s  were s t o r e d  a i r - d r y  a t  35°C i n  t h e  d a rk .  A f t e r  s p e c i f i c  

i n t e r v a l s  ( i n d i c a t e d  i n  t h e  r e s u l t s ) ,  a c h en e s  were removed and g e r m in a t io n  

t e s t e d  u n d e r  d i f f e r e n t  t e m p e r a tu r e s  and c o n d i t i o n s .

G e rm in a t io n  C o n d i t io n s

A f t e r  t h e  d e s i r e d  t r e a t m e n t s ,  a chenes  were g e rm in a te d  a t  20°C in  th e  

d a rk ,  i n  c o n t in u o u s  35°C i n  t h e  d a rk  o r  l i g h t ,  o r  s u b je c t e d  t o  an  a l t e r n a t i n g  

t e m p e ra tu re  o f  20°C/35°C w i t h  8 h o r  16h s p e n t  a t  th e  u p p e r  t e m p e ra tu re  p a r t  

o f  t h e  c y c le  e i t h e r  i n  t h e  l i g h t  o r  d a rk  i n  a  24h d i u r n a l  c y c l e .

G e rm in a t io n  ( r a d i c l e  em ergence) was s c o re d  a f t e r  10, 14 o r  21 days 

( i n d i c a t e d  i n  t h e  r e s u l t s ) . Each t r e a t m e n t  was r e p l i c a t e d  tw ic e  o r  t h r i c e ,  

and each  r e p l i c a t e  c o n ta in e d  1 0 0  achenes  p e r  r e p l i c a t e  i n  1 0 ml o f  d i s t i l l e d  

w a te r  o r  a p p r o p r i a t e  s o l u t i o n s .
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ReSULTS

SECONDARY DORMANCY

■E f f e c t  o f  40°C T e m p era tu re  on  n on -do rm an t  achenes  ("Thermodormancy")

S t r a t i f i c a t i o n  h a s  b een  d e m o n s t ra te d  t o  remove t h e  p r im a ry  dormancy and 

p rom ote  d a rk  g e r m in a t io n  a t  20°C, a  t e m p e ra tu re  a t  w hich u n c h i l l e d  ach en es  

w i l l  n o t  g e rm in a te  ( r e f e r  t o  C h a p te r  5 ) .  The a c h en e s  u se d  in  th e  i n v e s t i ­

g a t i o n  o f  s e c o n d a ry  dormancy were t h o s e  whose p r im a ry  dormancy had been 

b ro k en  by c h i l l i n g ,  t h a t  i s  non-dorm an t a c h e n e s .

When achenes  were c h i l l e d  f o r  9 weeks i n  w a te r  and k e p t  a t  40°C i n  t h e  

d a rk  f o r  v a r i o u s  t im e  i n t e r v a l s ,  t h e r e  was a  d e c r e a s e  i n  g e rm in a t io n  a s  

i n d i c a t e d  by t h e  d e c re a s e d  p e r c e n ta g e  g e r m in a t io n  a t  20°C i n  t h e  d a rk  (T ab le

6 .1 ,  no . 1 ) .  G e rm in a t io n  was re d u c e d  to  25 p e r c e n t  a f t e r  72h (3 d a y s ) ,  and

W ith  l o n g e r  i m b i b i t i o n ,  achenes  f a i l e d  to  g e rm in a te .  They were p r o b a b ly  

k i l l e d  a s  v i a b i l i t y  t e s t s  were n e g a t i v e .  The e f f e c t  o f  im b ib ing  a c h en e s  

a t  40°C (d a rk )  w i t h  t im e  i s  s i g n i f i c a n t  (T ab le  6 , 1 ,  no. 1 ) .

When t h e  achenes  were i r r a d i a t e d  w i t h  30 m in u te s  R l i g h t ,  t h e r e  was a 

g r a d u a l  d e c r e a s e  i n  p e r c e n ta g e  g e r m i n a t io n ,  and a marked d ro p  was o b se rv e d  

a f t e r  48h a t  40°C (T a b le  6 . 1 ,  no, 4 b ) .  In  c o n t r a s t  t o  n o n - i r r a d i a t e d  

t r e a t m e n t ,  a  s h a rp  d e c r e a s e  i n  p e r c e n ta g e  g e rm in a t io n  was o b se rv e d  a f t e r  1 2 h 

(T ab le  6 .1 ,  n o .  1 ) .  There  i s  no d i f f e r e n c e  w i th  r e g a r d  to  t h e  t im e  a t  w hich 

R i s  g iv e n ,  t h a t  i s  e i t h e r  d u r in g  o r  a f t e r  40°C t r e a t m e n t ,  b e c a u s e  th e  F

v a l u e s  were a lm o s t  s i m i l a r  (T a b le  6 . 1 ,  n o s .  4aGb). The F v a lu e s  o f  R

t r e a t m e n t s  were s l i g h t l y  low er  th a n  t h e  F v a lu e  o f  n o n - i r r a d i a t e d  t r e a tm e n t  

(T ab le  6 , 1 ,  n o s .  1 and 4a^b) .

The e f f e c t s  o f  GA^ a p p l i e d  t o  c h i l l e d  a c h e n e s  d u r in g  o r  a f t e r  t h e  

t r e a tm e n t  a t  40°C a r e  shown i n  T a b le  6 . 1 ,  n o s .  2aGb). The r e s u l t s  i n d i c a t e d  

a g ra d u a l  d e c r e a s e  i n  p e r c e n ta g e  g e r m i n a t io n  w i th  a  s h a rp  d e c r e a s e  a f t e r  48h 

a t  40°C i n c u b a t i o n  f o r  GA^ t r e a t m e n t s  (T a b le  6 ,1 ,  n o s .  2a6b) . The e f f e c t  o f  

t h e  h ig h  te m p e ra tu re  i s  s l i g h t l y  m o d era ted  by a p p l i e d  GA  ̂ and t h i s  i s  

i n d i c a t e d  by t h e i r  F v a lu e s  (T ab le  6 . 1 ,  n o s .  2a&b), which a r e  l e s s  t h a n  th e  

w a te r  ( c o n t r o l )  t r e a tm e n t  (T ab le  6 . 1 ,  no .  1 ) .  A lso i t  seems t h a t  GA  ̂ i s  more
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e f f e c t i v e  when a p p l ie d  d u ring  th e  sup raop tim al te m p era tu re  th a n  a f t e r  i t .

The r e s u l t s  o b t a in e d  w i th  k i n e t i n  a r e  e s s e n t i a l l y  s i m i l a r  t o  t h o s e  

from  GA  ̂ t r e a tm e n t s  w h e th e r  when a p p l i e d  d u r in g  o r  a f t e r  t h e  40°C t r e a tm e n t  

(T ab le  6 . 1 ,  n o s .  3 a $ b ) .  The h ig h  F v a l u e s  c a l c u l a t e d  when k i n e t i n  was 

a p p l i e d  a f t e r  40°C (T a b le  6 . 1 ,  no, 3 b ) ,  c o u ld  be due  t o  t h e  h ig h  p ro m o tiv e  

e f f e c t  o f  k i n e t i n  a f t e r  24h and t h e  low p e rc e n ta g e  g e r m in a t io n  a f t e r  72h, 

due to  i n h i b i t o r y  e f f e c t  o f  40°C . An o v e r a l l  e x a m in a t io n  o f  t h e  r e s u l t s  

i n d i c a t e s  t h a t  k i n e t i n  t r e a tm e n t  a p p l i e d  e i t h e r  d u r in g  o r  a f t e r  40°C exposu re  

enhanced  p e r c e n ta g e  g e r m in a t io n  o v e r  t h e  w a te r  ( c o n t r o l )  t r e a tm e n t  (T ab le

6 . 1 ,  n o s . 3 a § b ) .

The same t r e n d s  o f  r e s u l t s  were d e m o n s t ra te d  when a c h e n e s  were f u r t h e r  

c h i l l e d  f o r  12 w eeks , exposed  t o  40°C e i t h e r  i n  GA  ̂ o r  k i n e t i n  (T a b le  6 . 2 ) .

T here  i s  an  enhanced p e r c e n ta g e  g e r m in a t io n  when compared to  9 weeks s t r a t i ­

f i c a t i o n  (T ab le  6 . 1 ) ,  t h i s  i s  due t o  i n c r e a s e d  d u r a t i o n  o f  s t r a t i f i c a t i o n .

The F v a lu e  f o r  k i n e t i n  t r e a tm e n t  (T a b le  6 . 2 ,  no . 3) i s  t h e  lo w e s t  f o r  a l l  

t h e  t r e a t m e n t s . And t h i s  i s  c o n f i rm e d  by a n o th e r  s e t  o f  r e s u l t s  (T ab le  

6 .3 a ,  n o .  3 ) ,  w here  t h e  F v a l u e  i s  t h e  s m a l l e s t .  T h is  m igh t s u g g e s t  t h a t  

k i n e t i n  m igh t be m o d e ra t in g  t h e  h ig h  te m p e ra tu re  i n h i b i t i o n  more e f f e c t i v e l y  

t h a n  GAg. The e f f e c t  o f  s u p ra o p t im a l  t e m p e ra tu re  induced  by 72h d a rk  

i n c u b a t i o n  was n o t  r e l i e v e d  by a second  c h i l l i n g  t r e a t m e n t  o f  4 weeks even 

when g e rm in a te d  a t  a n  a l t e r n a t i n g  t e m p e r a tu r e  o f  15°C ( 8 h) D/35 C (16h) L.

T his  g e r m in a t io n  c o n d i t i o n  n o rm a l ly  r e s u l t s  i n  com p le te  g e r m in a t io n  w i th o u t  

t h e  s u p ra o p t im a l  t e m p e r a tu r e  t r e a tm e n t  (T ab le  6 .3 b ,  n o .  1 ) .
.

E f f e c t  o f  D rying a t  20°C (d a rk )  on non-dorm ant achenes ( c h i l l e d )

When achenes  s t r a t i f i e d  f o r  12 weeks were k e p t  d ry  i n  t h e  da rk  a t  20°C 

f o r  1 to  10 d a y s ,  and t h e n  t r a n s f e r r e d  t o  20°C (d a r k n e s s )  f o r  g e r m in a t io n ,  

t h e r e  was a g ra d u a l  and s i g n i f i c a n t  d e c r e a s e  i n  g e r m in a t io n  in  c o n t r a s t  t o  

u n d r ie d  s t r a t i f i e d  ach en es  (T ab le  6 . 4 ,  no . 1 ) .  In  t h i s  s i t u a t i o n ,  s e c o n d a ry  

dormancy can be  s a i d  to  be imposed b e c a u s e  a second c h i l l i n g  t r e a tm e n t  ( a f t e r  

t h e  d ry in g  t r e a tm e n t )  r e l i e v e s  t h e  imposed seco n d a ry  dormancy (Table  6 . 4 ,  n o . 4 ) .  ;
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T here  i s  a  s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e  t r e a t e d  a c h en e s  and t h o s e  t h a t  

w ere  f u r t h e r  c h i l l e d  a f t e r  t h e  d r y in g  t r e a t m e n t  (T a b le  6 . 4 ,  2 F a c to r  V a r i a n c e ) .  

T h is  i s  a t r u e  t e s t  o f  i m p o s i t i o n  o f  s e c o n d a ry  dorm ancy.

The s e c o n d a ry  dormancy im posed by d r y in g  can  be  e f f e c t i v e l y  removed by 

s u b j e c t i n g  t h e  a c h en e s  t o  a l t e r n a t i n g  t e m p e r a tu r e  b o th  i n  th e  d a rk  and i n  

t h e  l i g h t  (T ab le  6 .4 ,  n o s .  2 $ 3 ) .  The p ro m o t iv e  e f f e c t s  o f  t h e s e  a l t e r n a t i n g  

t e m p e r a tu r e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from th e  t r e a t e d  a c h en e s  a t  20°C i n  

t h e  d a rk  (T a b le  6 .4 ,  2 F a c to r  V a r i a n c e ) .

When t h e  a c h e n e s  were s t r a t i f i e d  f o r  24 w eeks, and k e p t  d ry  f o r  20 d a y s ,  

s e c o n d a ry  dormancy was in d u ced  ( T a b l e . 6 .5 ,  n o .  1 ) .  Here a l s o ,  t h e  c o n t r o l  

t r e a t m e n t s  were s i g n i f i c a n t l y  d i f f e r e n t  from th e  t r e a t e d  a c h en e s  (T a b le  6 . 5 ,  

n o s .  1 , 2 , 3 , 5  § 6 ) .  A l t e r n a t i n g  t e m p e r a t u r e s  b o th  i n  t h e  l i g h t  o r  d a rk  

a b o l i s h e d  th e  e f f e c t  o f  d r y in g ,  th u s  s e c o n d a ry  dormancy i s  b r o k e n .  A p p l i c a t i o n  

o f  k i n e t i n  does  n o t  enhance t h e  g e r m in a t io n  and was n o t  s i g n i f i c a n t  o v e r  t h a t  

o f  t h e  t r e a t e d  a c h e n e s ,  b u t  GA^ was s l i g h t l y  p ro m o tiv e  (T ab le  6 .5 ,  n o s .  4 and 

3 ) .

AFTER RIPENING

E f f e c t  o f  d ry  s t o r a g e  a t  35°C (d a rk )  on  u n c h i l i e d  (dorm ant)  achenes

When th e  u n c h i l l e d  a chenes  w ere  s t o r e d  d ry  a t  a t e m p e r a tu r e  o f  35°C in  

t h e  d a rk ,  t h e  r e s u l t s  (F ig u r e  6 . 6 , a$b) i n d i c a t e d  a p r o g r e s s i v e  l o s s  o f  

dormancy. G e rm in a t io n  was enhanced  when th e  achenes  were s u b s e q u e n t ly  

g e rm in a te d  a t  35°C (d a rk )  o r  i n  an  a l t e r n a t i n g  t e m p e ra tu re  o f  15 C ( 8 h)D/ 

25°C(16h)L , In c o n t r a s t ,  s t o r a g e  a t  --20°C does n o t  r e s u l t  i n  s u b s t a n t i a l  

p r o g r e s s i v e  l o s s  o f  dorm ancy. The r e s u l t a n t  e f f e c t  o f  h ig h  t e m p e ra tu re  d ry  

s t o r a g e  i s  s i m i l a r  t o  t h e  e f f e c t  o f  low t e m p e ra tu re  p r e t r e a t m e n t  ( s t r a t i f i ­

c a t i o n ) ,  t h a t  i s  t h e  w iden ing  o f  t e m p e r a tu r e  ran g e  a t  w hich g e rm in a t io n  i s  

e x p re s s e d .  However, t h e  mechanisms a r e  p ro b a b ly  d i f f e r e n t .  The r e s u l t s  

p r e s e n t e d  h e re  do n o t  a g re e  w i t h  t h o s e  o f  J u s t i c e  (1941) who r e p o r t e d  t h a t  

h ig h  te m p e ra tu re  d ry  s t o r a g e  f a i l e d  t o  b re a k  dormancy.
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DISCUSSION

The e f f e c t  o f  s u p r a o p t im a l  t e m p e r a tu r e  a t  40°C on c h i l l e d  a c h en e s  o f  

P. p e r s i c a r i a  i s  n o t  an  i n d i c a t i o n  o f  thermodormancy a s  s e e n  i n  Grand R apids  

(Mesa 659) l e t t u c e  s e e d s  (Khan, 1980 /81)  o r  in  Chenopodium b o n u s -h e n r ic u s  

(Khan and K a rs se n ,  1 9 8 0 ) ,  b u t  r a t h e r  m igh t be c o n s id e r e d  as t h e r m o i n h i b i t i o n  

(V id av e r  and HsiaO; , 1 9 7 5 ) .  The r e s u l t s  p r e s e n t e d  h e r e  do n o t  a g r e e  w i th  

t h o s e  o f  Ransom (1935) and B ayer and B uchho ltz  (1 9 5 7 ) .

In  P. p e r s i c a r i a ,  R i r r a d i a t i o n  does n o t  a b o l i s h  t h e  e f f e c t  o f  s u p r a ­

o p t im a l  t e m p e ra tu re  b u t  r a t h e r  d im in is h e s  o r  m o d era te s  i t s  i n f l u e n c e  up to  

36h e x p o su re  a t  40®C, u n l i k e  i n  Chenopodium b o n u s - h e n r ic u s  w here  R p r e v e n te d  

t h e  e s t a b l i s h m e n t  o f  t h e  s e c o n d a ry  dormancy (Khan and K a rs se n ,  1 9 8 0 ) .

The g row th  r e g u l a t o r  k i n e t i n  h a s  been  r e p o r t e d  t o  be  more e f f e c t i v e  th a n  

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

w h i le  t h e  c o m b in a t io n  o f  k i n e t i n  + e th ep h o n  + GA. gave  t h e  b e s t  r e s u l t s4*7

(Khan, 1980 /81 ; Khan and K a r s se n ,  1 9 8 0 ) .  In t h e  c a s e  o f  P. p e r s i c a r i a .

t h e  r e s u l t s  i n d i c a t e  t h a t  k i n e t i n  a m e l io r a t e s  t h e  i n f l u e n c e  o f  t h e  h ig h

t e m p e r a tu r e  (40°C) to  a  g r e a t e r  e x t e n t  when compared t o  GA  ̂ o r  l i g h t .  Khan

(1 9 8 0 /8 1 ) ,  w ork ing  w i th  l e t t u c e  s e e d s ,  s u g g e s te d  t h a t  p ro lo n g e d  d a rk  i n c u b a t io n  

in  w a te r  a t  s u p ra o p t im a l  t e m p e r a tu r e  c a u se s  changes  e n hanc ing  th e  r a p i d  p e n e -

,

'il':':

t r a t i o n  o f  k i n e t i n .  I t  m ight b e  s u g g e s te d  t h a t  t h e  a c t i o n  o f  k i n e t i n  p r e v e n t s  

s t r e s s  and removes a d v e r s e  c e l l u l a r  changes  more e f f e c t i v e l y  th a n  GA  ̂ o r  l i g h t .

I t  a p p e a r s  t h a t  t h e  e f f e c t  o f  s u p ra o p t im a l  t e m p e r a tu r e  (40°C) i s  on t h e  

embryo, b e c a u se  c h i l l i n g  t r e a t m e n t  w hich  p r e v i o u s l y  b re a k s  t h e  p r im a ry  dormancy 

i s  u n a b le  t o  r e v e r s e  t h i s  t h e r m o i n h i b i t i o n  e f f e c t .  Khan (1 9 8 2 ) ,  w ork ing  w i th  

Grand R apids  l e t t u c e  s e e d s ,  showed d e c r e a s e  i n  t h e  embryo grow th  r a t e  o r  g row th  

p o t e n t i a l  d u r in g  p ro lo n g e d  d a rk  s o a k in g  in  w a te r  a t  25°C.



147

to
0 t p

. 1
cd

p P

p
3

o

tX)
0
P 'H
0 p

} P 3
t p X )
*H
T ) P

P
0

f :
O p

t p • H

u
0

3
o 0
•St >

o
•H
txO

p

x t
0
P

0 0
to
o

0

c
0

P
0 3

rC 3
p •H

u

e

o
t o

P §
ttS

to
3

•H
0 P
3 0
0 3

rC ’H tn
o
CtJ Cd

X t o
0 < n •Ĉ t
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A nalyses  o f  R e s u l t s  : 1 F ac to r  V ariance .

W ater T rea tm en t

1. Source
Degree o f  

Freedom
Sum o f  
Square

Mean
S quare F

S i g n i f i c a n t ,
l e v e l

R e p l i c a t e s 1 0.0175781 0.0175781 0.00214 N.S .

D u r a t io n  a t 40°C 6 752.791 125.465 15.2948 * *

E r r o r 6 49 .2188 8.20313

T o ta l 13 

ImM GA^

802.027

T re a tm e n t

2a .

R e p l i c a t e s 1 3 .71094 3.71094 0.286951 N.S.

D u r a t io n  a t 40*C 6 248 .586 41 .431 3 .20369 N .S .

E r r o r 6 77.5938 12 .9323

T o ta l 13 329,891

2b.

R e p l i c a t e s 1 3 .79688 3 .79688 0.19365 N.S.

D u r a t io n  a t 43°C 6 904.709 150 .785 7.69058 *

E r ro r 6 117 .639 19.6064

T o ta l 13 1026 .14

3a.
O.lmM K i n e t i n  T rea tm en t

R e p l i c a t e s 1 11.5234 11.5234 0.808478 N.S.

D u ra t io n  a t 40°C 6 418 .703 69.7839 4.89599 *

E r r o r 6 85,5195 14.2533

T o t a l 13 515 .746

3b.

R e p l i c a t e s 1 43 .584 43 .584 4.69148 N .S .

D u r a t io n  a t 40°C 6 1115 .7 185.951 20.0161 * *

' E r ro r 6 55 .7402 9 .29004

T o ta l 13 1215.03



Tab le  6 .1 .

Analyses o f  R e su l ts  con td .  : 1 F ac to r  V ariance

149

4a. S ou rce

30 m in u te s  R T re a tm e n t

Degree o f  
Freedom

Sum o f  
Square

Mean
Square

S i g n i f i c a n t
l e v e l

R e p l i c a t e s  

D u r a t io n  a t  40°C 

E r r o r  

T o ta l

1

6

6

13

0.6875 

941. 195 

70.1641 

1012 .05

0.6875 

156.866  

11 .694

0 .05879 

13 .4142

N.S.
* *

4b .

R e p l i c a t e s  

D u r a t io n  a t  40°C 

E r r o r  

T o ta l

1 7 .01172  7 .01172  0 .332448

6 1535 .75  255.958 12 .1358

6 126 .547  21.0911

13 1669,31

N.S .
**
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T ab le  6 .2 .  The mean p e r c e n ta g e  g e r m i n a t io n  of  12 weeks c h i l l e d  a c h en e s  

a t  4°C, t h e n  exposed  t o  40°C (d a rk )  f o r  d i f f e r e n t  t im e s  i n  

h o u rs  i n  GA^, k i n e t i n  o r  i r r a d i a t e d  w i th  R l i g h t  and g e rm in a te d  

in  d i s t i l l e d  w a te r  a t  20°C i n  t h e  d a r k .

G e rm in a t io n  s c o re d  a f t e r  14 d a y s .

T re a tm e n ts

E xposure  Time 
a t  40°C (d a rk )  

i n  h o u rs

1

0 (W ater)

2

ImM GA

3

O.lmM K in e t in

4

30 m in u te s  '

0 ^ 7 5 .5 79 .5 74 83 .5

48 4 8 .5 83 62 .5 47

60 40 7 2 .5 57 .5 4 7 .5

72 3 7 .5 4 5 .0 42.5 38

Mean o f  two r e p l i c a t e s , w i th  100 achenes p e r  r e p l i c a t e .

A n a ly s i s  o f  R e s u l t s : 1 F a c to r V a r ia n c e  (Summary)

F v a lu e 58.6007 53.3627 21.5038 43 .7582

S i g n i f i c a n t  Level ** ** * * *

i
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T ab le  6 . 2 .

A n a ly ses  o f  R e s u l t s  : 1 F a c to r  V a r ia n c e

W ater T rea tm en t

Degree  o f  
Freedom

Sum o f  
Square

Mean
S quare

S i g n i f i c a n t  
l e v e l  !

6 .2 ( 1 )
S ource

61338.61133 2.3452R e p l i c a t e s  

D u r a t io n  a t  40°C 645.523 215.174 58.6007 **

11 .0156 3.67188E r r o r

7 665 .15T o ta l

6 . 2 ( 2)

ImM GA  ̂ T re a tm e n t

R e p l i c a t e s  

D u r a t io n  a t  40°C 

E r r o r  

T o t a l

6 .2 ( 3 )

1 0 .09375 0 .09375

3 669.848 223.283
3 1 2 .848  4 .18424

7 682,494

O.lmM K i n e t i n  T re a tm e n t

0 .0224055

53.3627

N.S
**

R e p l i c a t e s  

D u r a t io n  a t  40°C 

E r ro r  

T o ta l

6 .2 ( 4 )

1 2 .64453  2 .64453

3 359 .223  119.741

3 16.7051 5 .56836

7 378 .572

30 m in u te s  R l i g h t  T reatm ent

0 .474921

21 .5038

N.S

I

R e p l i c a t e s  

D u r a t io n  a t  40°C 

E r r o r  

T o ta l

4 .80273  4 .80273

919 .264  306.421

21.0078 7 .0026

945.074

0 .68585

43 .7582

N.S

1:
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T ab le  6 . 3 a . The mean p e r c e n ta g e  g e r m in a t io n  o f  12 weeks c h i l l e d  achenes  

a t  4°C, th e n  exposed  t o  40  C f o r  d i f f e r e n t  t im e s  in  ho u rs  i n  

GAg, k i n e t i n  o r  GA  ̂ + k i n e t i n ,  and  g e rm in a te d  i n  d i s t i l l e d

Time a t  40°C 
(d a rk )  i n  h

w a te r  a t  20 

1

W ater

°C i n  t h e  d a r k .

T re a tm e n ts

2

ImM GAj 0

G e rm in a t io n

3

.ImM K in e t in

was r e c o r d e d  a f t e r  

4

ImM GA  ̂ + 0 .  ImM

0 ^83 90 80 95

16 81 8 1 .5 79 .5 84 .5

30 80 .5 8 5 .5 82 82

54 67.5 72 77 72

72 54 .5 65 79 6 4 .5

•4-

Mean o f  two r e p l i c a t e s ,  w i t h  100 achenes  p e r  r e p l i c a t e .

A n a ly s i s  o f R e s u l t s  : 1 F a c to r  V a r ia n c e (Summary)

F v a lu e s 19 .1524 46.9735 0 .549284 31 .8946

S i g n i f i c a n t ** ** N.S. ** ,

l e v e l
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T a b le  6 . 3 b . The mean p e r c e n ta g e  g e r m in a t io n  o f  12 weeks c h i l l e d  ach en es

a t  4°C, t h e n  exposed t o  40°C (d a rk )  f o r  d i f f e r e n t  t im e  i n t e r v a l s  

i n  h o u rs  and g iv e n  a  seco n d  p e r i o d  o f  s t r a t i f i c a t i o n  a t  4°C and 

s u b s e q u e n t ly  s u b j e c t e d  to  10 c y c le s  o f  a l t e r n a t i n g  t e m p e r a tu r e s  

o f  1 5 °C (8 h ) /3 5 °C (1 6 h )  i n  a  24h d i u r n a l  p e r i o d .

T re a tm e n ts

Exposure  Time 4 weeks a t  4°C
a t  40°C (d a rk )  a f t e r  40°C (d a rk )  15°C(8h)D/35°C(16h)D  15°C(8h)D/35*C(16h)L

i n  hou rs  15°C (8h)D /55°C ( 1 6h)D a f t e r  40°C e x p o su re  a f t e r  40°C e x p o su re

0 ***97 95 98

16 95 86 89 .5

30 88 .5 85 86 .5

54 85 7 3 .5 85 .5

72 3 4 .5 52 .5 5 6 .5

■f*
Mean o f  two r e p l i c a t e s ,  w i th  100 achenes  p e r  r e p l i c a t e  

D = D arkness  

L = L ig h t

A n a ly s i s  o f  R e s u l t s  : 1 F a c to r  V a r ia n c e  (Summary)

F v a lu e s  50 ,9447 36 .5765 37 .34

S i g n i f i c a n t  l e v e l  ** ** **

________________________  _________ ___  _
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Table  6 .3 a .

A n a ly ses  o f  R e s u l t s  : 1 F a c t o r  V a r ia n c e

W ater T re a tm e n t

6 . 3 a ( l )
S o u rce

D egree  o f  
Freedom

Sum o f  
S q u a re

Mean
Square F

S i g n i f i c a n t
l e v e l

R e p i i c a t e s 1 0.335938 0 .335938 0.0540626 N .S .

D u r a t io n  a t  40 4 476 .043 119.011 19.1524 **

E r ro r 4 24.8555 6 .21387

T o t a l 9

ImM GA,

501 .234

T re a tm e n t

6 .3 a (2 3

R e p l i c a t e s 1 3.97266 3 .97266 1.79761 N.S .

D u r a t io n  a t  40°C 4 415 .238 103.81 46.9735 * -k

E r ro r 4 8.83984 2.20996

T o ta l 9 428 .051

O.lmM K in e t in  T re a tm e n t

6 .3 a ( 3 ]

R e p l i c a t e s 1 14.6367 14.6367 2.43787 N.S.

D u r a t io n  a t  40°C 4 13 .1914 3.29785 0.549284 N.S .

E r r o r 4 24 .0156 6.00391

T o ta l 9 51 .8438

ImM GA  ̂ + O.lmM K in e t in  T rea tm en t

6 .3 ( 4 )

R e p i i c a t e s 1 2.30469 2.30469 0.44884 N.S.

D u r a t io n  a t  40*C 4 655 .086 163.771 31 .8946

E r r o r 4 20.5391 5.13477

T o ta l 9 677 .93
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Table 6 .3 b .

A nalyses  o£ R e s u l t s  : 1 F a c t o r  V a r ia n c e .

6 . 3 b ( l )
S ou rce

Degree o f  
Freedom

Sum o f  
Square

Mean
Square F

S i g n i f i c a n t
l e v e l

R e p i i c a t e s 1 40 .3945 40 .3945 3.16408 N.S.

D u r a t io n  a t  40°C 4 2601 .56 650.391 50 .9447 **

E r ro r 4 51.0664 12 .7666

T o ta l 9 2693 .02

6 .3 b (2 )

R e p i i c a te s 1 0.402344 0.402344 0.05484 N.S .

D u r a t io n  a t  40°C 4 1073.29 268.323 36 .5765 **

E r ro r 4 29.3438 7.33594

T o ta l 9 1103 .04

6 . 3b (3)

R e p l i c a t e s 1 22.2031 22,2031 2.69161 N.S.

D u r a t io n  a t  40°C 4 1232 .07 308.019 37.34 **

E r ro r 4 32.9961 8.24902

T o ta l 1287.27
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Table 6 . 4 . The mean p ercen ta g e  germ in ation  o f  12 weeks c h i l l e d  achenes

a t  4°C and th en  kept dry a t Room Temperature (20°C in  th e  dark)

and su b seq u en tly  germ inated  at d i f f e r e n t  tem p era tu res .

G erm ina t  io n  T e m p e r a tu r e /C o n d i t io n s
^ . n • , 1 2 3 4D ry ing  P e r io d
a t  Room T e n p . 20°C 15°C(8h)D/35°C(16h)D  15°C(8h)D/35°C'(16h).L 4°C f o r  4 weeks

(20°C d a rk )  (d a rk )  ____________ _____________ _____________________2 0°C (d a rk )

0 Day

1 ”

3 "

10  "

^83

58

62

4 2 .5

9 4 .5

94

95

8 4 .5

9 7 .5

94

95

84 .5

86

82

82

80

t Mean o f  two r e p l i c a t e s  w i th  100 achenes  p e r  r e p l i c a t e .  

D = Darkness 

L = L igh t

A n a ly s i s  o f  R e s u l t s  : 1 F a c to r  V a r ia n c e  (Summary)

F v a lu e  21.2035

S i g n i f i c a n t  l e v e l  *

2 .57636 

N.S .

2.85841

N .S .

0 .284132

N.S .



Table 6 .4 .

A n a ly ses  o f  R e s u l t s  : 1 F a c to r  V a r ia n c e

20°C (d a rk )  T rea tm en t

" . r-" - f.-
157

S o u rc e  (1)
D egree o f  Sum o f  

Freedom Square
Mean

Square F
S i g n i f i c a n t

l e v e l

R e p l i c a t e s 1 2.09375 2.09375 0.207363 N.S,

D ry ing  P e r io d  a t  
2 0 °C (d a rk )

3 642.275 214.092 21.2035 *

E r r o r 3 30.291 10 .097

T o ta l 7 674 .66

lS °C (8h)D /35°C (16h)D  T re a tm e n t

S ou rce  (2)

R e p l i c a t e s 1 42.3203 42.3203 2.10246 N.S.

D rying  P e r io d  a t  
20°C (d a rk )

3 155.578 51.8594 2 .57636 N.S.

E r r o r 3 60.3867 20.1289

T o t a l 7 258.283

15°C (8h)D /35°C (16h)L  T rea tm en t

S ource  (3)

R e p l i c a te s 1 20.1523 20.1523 0 .783765 N .S .

D rying P e r io d  a t  
20°C (d a rk )

3 220.488 73.4961 2.85841 N.S.

E r r o r 3 77.1367 25.7122

T o ta l 7

4°C f o r  4 weeks

317.777

20°C (d a rk )

S ou rce  (4)

Rep1 i c a t e s 1 4 .5 4 .5 0.09224 N.S .

D rying  P e r io d  a t  
20°C (d a rk )

3 4 1 .5 8 2 13.8607 0.28413 N.S .

E r ro r 3 146.348 48.7826

T o ta l 7 192 .43

3
s
-A

I
iË

1

s
I
■ il-

s
I

:

Î

I

{
I



Table 6 .4 .

A nalyses of R esu l ts  : 2 F ac to r  V ariance

20°C D vs  15°C(8h)D/35°C(16h)D

158

D egree o f  Sum o f Mean S i g n i f i c a n t
Source freedom Square S q u a re F l e v e l

Rep 1 i c a t e s 1 13.1289 1 3 .1289 0 .748767 N.S.

D ry ing  P e r io d  a t 3 620 .266 206.755 11 .7916 **
20°C (A)

20°C D vs  15°C(8h)D/ 1 2031.75 2031.75 115 .875 ** *
35°C(16h)D (B)

A X B 3 178.445 59.4818 3 .39236 N.S.

E r ro r 7 122.738 17 .534

T o ta l 15 2966 .33

20°C D' vs  15°C (8h)D /35°C (16h)L

R e p l i c a t e s 1 4 .609  38 4 .60938 0.25799 N.S.

D ry ing  P e r io d  a t  20°C (A) 3 768 .852 256.284 14 .344 * *

20°C D vs  15°C(8h)D/
35°C(16h)D (B) 1 2227 .84 2227.84 124 .697 ***

A X B 3 93.9141 31 .3047 1 ,75219 N.S.

E r r o r 7 125 .063 17.8661

T o ta l 15 3220 ,28

20°C D vs 4 weeks a t  4°C -> 20 °C D

R e p l i c a t e s 1 6 .38672 6 .38672 0 .2528 N .S .

D ry ing  P e r io d  a t  20°C (A) 3 447 .906 149.302 5.90956 *

20°C D v s  4 weeks a t  
4°C 20°C D 1 877 .66 877 .66 34.7389 * **

A X B 3 235.949 78.6498 3.11305 N .S .

E r ro r 7 176 .852 25.2645

T o ta l 15 1744 .75
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Table 6 .5

S e r i a l

The p e r c e n ta g e  g e r m in a t io n  o f  achenes  s t r a t i f i e d  a t  1 0 °C ( d a r k )  

f o r  24 weeks and k e p t  d ry  a t  20°C (d a rk )  f o r  20 d a y s .

G erm ina ted  i n  v a r i o u s  t e m p e ra tu re  c o n d i t i o n s .

D ry ing  a t  P e r c e n ta g e  G e rm in a t io n
No . G e rm in a t io n  T em pera tu re 20°C (d a rk ) R e p l i c a t e s Mean

1 20°C d a rk + ^62 62 62 62

2 O.lmM K in e t in  a t  20°C d a rk + 75 61 66 67 .33

3 ImM GA  ̂ a t  20°C d a rk + 77 73 72 74

4 15°C(8h)D/35°C(16h)D + 96 94 88 9 2 .6 6

5 15°C(8h)D /35°C(16h)L + 96 84 92 9 0 .6 6

6 20°C d a rk - 98 100 98 9 8 .6 6

7 15°C (8h)/35°C (16h)D - 96 92 92 9 3 .33

t 100 achenes  p e r  r e p l i c a t e

A n a ly s is  o f
2

R e s u l t s  : y ( C h i - s q u a re d ) T e s t

S e r i a l  Number S o u rc e x ' P
S i g n i f i c a n t

l e v e l

1 1 vs 6 125.336 p < 0 .001 ***

2 1 vs 7 83 .1049 p < 0 .001 ***

3 1 vs  3 9 .38266 p < 0.01 **

4 1 vs  2 1 .64122 p > 0 .0 5 N.S.

5 1 vs  4 78.7367 p < 0 .001 ***

6 1 vs 5 66,6554 p < 0 .001 * **

i
I

I
s

i

I
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FIGURE 6 .1 a

10ÜT

90--

80“"

FJ
•S

a Q--

u<DC3
<D

g 40'
0

1

10- -

20 25151050

Dry S to ra g e  P e r io d  (weeks)

The mean p e r c e n ta g e  g e r m in a t io n  o f  achenes  s t o r e d  Dry a t  -20°C (dark )  
o r  35°C (d a rk )  and g e rm in a te d  a t  15“C (8h ) /25°C (16h )  .
G erm in a tio n  s c o r e d  a f t e r  14 d i u r n a l  c y c l e s .

“2 0°C (d a rk )  S to ra g e  A Dark G erm ina tion ,

" A L ig h t  "

3 5 °C (d a rk )  S to ra g e  J  Dark G e rm in a t io n  

" L igh t  "

i*Mean of two r e p l i c a t e s  w i th  100 achenes p e r  r e p l i c a t e .

i

:
I
a

I

:



FIGURE 6.1b
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The mean p e r c e n ta g e  g e rm in a t io n  o f  achenes  s t o r e d  Dry a t  -20°C (d a rk )  
o r  35°C (d a rk )  and g e rm in a te d  a t  35°C d a rk .
G erm in a t io n  r e c o r d e d  a f t e r  14 d a y s .

-20°C (Dark) S to ra g e  À Dark G erm ina tion

35°C (Dark) S to ra g e  I  Dark G erm ina tion  

Mean o f  two r e p l i c a t e s ,  w i th  100 achenes  p e r  r e p l i c a t e .



Table  6 .6 a .

A naly s is  o f  R esu lts  : 2 F ac to r  V ariance

■20°C vs 35®C S to ra g e

162

G e rm in a t io n  a t  15°C(8h)D/25®C(16h)D

Source
Degree  o f  

Freedom
Sum o f  
S quare

Mean
S quare

S i g n i f i c a n t
l e v e l

R e p l i c a t e s

S to ra g e  P e r io d  in  weeks (A) 

-20®C vs 35®C S to ra g e  (B)

A X B 

E r ro r  

T o ta l

1 7 .15625  7.15625

3 228 ,998  76 .3325

1 1890 .08  1890.08

3 88.2959 29 .432

7 53 .7476  7 .67822

15 2268.27

0.93201

9 .94143

246.161

3.83317

G e rm in a t io n  a t  15°C(8h)D/25®C(16h)L

N.S
*  *

* ** 

N.S

i

R e p l i c a t e s

S to ra g e  P e r io d  i n  weeks (A) 

-20®C vs 35°C S to ra g e  (B)

A X B 

E r ro r  

T o ta l

1 1 .81934 1 .81934

3 551.451 183.817

1 2455.21  2455.21

3 37 .2217  12.4072

7 28 .1387 4 .01981

15 3073.84

0 .4526

45 .7 2 8

610 .78

3 .0865

T a b le  6 .6b

G e rm in a t io n  a t  35®C Dark

N.S 
*  *  *

* * *

N.S,

R e p l i c a t e s  1

S to ra g e  P e r io d  i n  weeks (A) 3

-20*C vs 55®C S to ra g e  (B) 1

A X B 3

E r r o r  7

T o ta l  15

9 .76563  9 .76563

329 .665  109.888

429 .529  429 .529

1 0 0 .1 6

47 .2793

916 .399

33.3867

6.75419

1 .44586

16.2697

63.5945

4 .94312

N.S.
*  *

***

*
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CHAPTER 7

TREATMENT WITH HORMONES AND GROWTH RETARDANTS

INTRODUCTION
 ̂ _

The e f f e c t s  o f  exogenously  a p p l i e d  hormones and t h e  in v o lv e m e n t  o f  t h e s e  

hormones d u r in g  s t r a t i f i c a t i o n  have  been  d i s c u s s e d  f o r  o t h e r  s p e c i e s  i n  t h e  

G e n e ra l  I n t r o d u c t i o n .

In  Polygonum p e r s i c a r i a ,  t h e  e f f e c t s  o f  exogenous hormones w ere  t e s t e d  

b o th  f o r  s t r a t i f i e d  and  n o n - s t r a t i f i e d  a c h e n e s ,  and unde r  p ro m o tiv e  and non­

p ro m o tiv e  c o n d i t i o n s .  W hile  a p p l i c a t i o n  o f  exogenous hormones does n o t

i n d i c a t e  t h e  in v o lv e m e n t  o f  horm ones, i t  m ig h t  i n d i c a t e  th e  p r e s e n c e  i n  t h e  

achenes  o f  r e c e p t o r  s i t e s  f o r  t h e s e  hormones w hich  may change  i n  s e n s i t i v i t y .

W ith r e g a r d  t o  th e  in v o lv em en t  o f  endogenous ABA, K a rs se n  (198 2)

c o r r e l a t e d  p e r c e n ta g e  g e r m in a t io n  w i t h  endogenous l e v e l s  o f  ABA d u r in g  s t r a t i ­

f i c a t i o n  a t  2®C i n  P. p e r s i c a r i a . He o b s e rv e d  t h a t  t h e  endogenous c o n te n t  

o f  ABA d e c r e a s e d  v e r y  r a p i d l y  from a b o u t  180 n g /g  d r y  wt. t o  a p p ro x im a te ly  

50 n g /g  d ry  w t.  a f t e r  2 w eeks, w h i l e  g e r m in a t io n  was a p p ro x im a te ly  15 p e r c e n t

f o r  2®C s t r a t i f i c a t i o n  (dormancy b r e a k in g  t e m p e r a t u r e ) . The endogenous c o n te n t  

o f  ABA o f  a c h en e s  k e p t  a t  25°C (non-dorm ancy b r e a k in g  t e m p e r a tu r e )  t r e a tm e n t

d e c r e a s e d  even more th a n  t h a t  o f  t h o s e  g iv e n  a 2 C t r e a t m e n t ,  from a p p ro x im a te ly

180 n g /g  d r y  w t. to  a p p ro x im a te ly  25 ng /g  d ry  w t.  The maximum p e rc e n ta g e  

g e r m in a t io n  was a p p ro x im a te ly  85 p e r c e n t ,  a f t e r  9 weeks a t  2®C p r e t r e a t m e n t  

p e r i o d ,  w i th  endogenous ABA c o n te n t  a t  25 ng /g  d ry  w t. From t h e s e  o b s e r ­

v a t i o n s ,  i t  i s  c l e a r  t h a t  endogenous ABA d e c re a s e d  f a s t e r  a t  25®C th a n  a t  2®C 

and  though a s u b s t a n t i a l  d e c r e a s e  i n  t h e  l e v e l  o f  endogenous ABA was o b se rv ed  

a t  2 weeks o f  s t r a t i f i c a t i o n ,  t e r m i n a t i o n  o f  dormancy o c c u r r e d  a t  9 weeks o f  

s t r a t i f i c a t i o n .  T hus , even though d e c re a s e  i n  endogenous ABA ta k e s  p l a c e  

d u r in g  s t r a t i f i c a t i o n ,  n e v e r t h e l e s s  i t s  in v o lv e m e n t  i n  t h e  r e g u l a t i o n  o f  

g e rm in a t io n  and dormancy o f  Polygonum p e r s i c a r i a  i s  i n  d o u b t  o r  q u e s t i o n a b l e .

These o b s e r v a t io n s  have b e e n  d e s c r i b e d  i n  d e t a i l  b e c a u s e  so f a r ,  i t  i s
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t h e  f i r s t ,  and w e l l  documented r e p o r t  a b o u t  th e  r o l e  o f  endogenous ABA i n  

dormancy c o n t r o l  o f  P . p e r s i c a r i a .

The e f f e c t s  o f  exogenous a b s c i s i c  a c i d  (ABA) w ere  t e s t e d  d u r in g  and  a f t e r  t h e  

s t r a t i f i c a t i o n  p e r i o d  to  s e e  i f  ABA i n h i b i t s  t h e  s t i m u l a t o r y  e f f e c t  o f  low 

t e m p e r a tu r e  p r e t r e a t m e n t .  A lso t h e  e f f e c t s  o f  exogenous a p p l i c a t i o n  o f  

g i b b e r e l l i c  a c i d  (GA^) and k i n e t i n  were i n v e s t i g a t e d .

MATERIALS AND METHODS

The e f f e c t s  o f  hormones and g row th  r e t a r d a n t s  w ere  i n v e s t i g a t e d  under  

d i f f e r e n t  g e r m in a t io n  c o n d i t i o n s .

W hite  l i g h t .  Red (R) and  F a r  Red (FR) i r r a d i a t i o n ,  and s t r a t i f i c a t i o n  

t r e a tm e n t s  w ere  c a r r i e d  o u t  a s  d e s c r i b e d  i n  t h e  G en e ra l  M a t e r i a l s  and  M ethods.

S o l u t i o n s  o f  a b s c i s i c  a c i d  (ABA), g i b b e r e l l i c  a c id  (GA^), g i b b e r e l l i n  

4+7 (GA^^y), k i n e t i n  (KIN), and th e  g row th  r e t a r d a n t s  (B995, CGC, AMO 1618, 

A ncym idol) w ere  made a s  d e s c r i b e d  on page  3 4 .  S o l u t i o n s  o f  0 .1  and 1 ppm 

o f  e th y l e n e  (ETH) u s in g  E th r e l  w ere  made i n  d i s t i l l e d  w a t e r .

: |

..Hormones and U n c h i l l e d  A chenes: U n c h i l l e d  achenes  w ere  in c u b a te d  i n  s o l u t i o n s
_ _   ̂ ^

o f  GAg (ImM), KIN (0 .1  mM); ETH (0 .1  Ippm) ; GA^^^ (ImM); GA  ̂ + KIN ; and

GA. » + KIN i n  9cm g l a s s  p e t r i  d i s h e s .  The d i s h e s  w ere  k e p t  a t  15®C o r  20®C 4+7

f o r  16h o r  24h ( i n d i c a t e d  i n  t h e  r e s u l t s ,  t o  im bibe  i n  d i s t i l l e d  w a te r  o r  

a p p r o p r i a t e  s o l u t i o n ( s ) ) .  The d i s h e s  w ere  th e n  t r a n s f e r r e d  to  20®C o r  35°C 

e i t h e r  i n  t h e  da rk  or l i g h t .  R was g iv e n  a f t e r  i m b i b i t i o n  a t  t h e  lower 

te m p e ra tu re  o f  20°C o r  15®C i n  t h e  d a rk  b e f o r e  b e in g  t r a n s f e r r e d  to  t h e  d e s i r e d  

t e m p e ra tu re s  f o r  g e rm in a t io n .

F a t ty  Acids and  G e rm in a t io n : Nonanoic a c id  (09) was a p p l i e d  i n  th e  manner

d e s c r ib e d  by B e r r i e  et_ (1 9 7 5 ) .  C o n c e n t r a t io n s  o f  O.lmM an d  ImM w ere  made 

up i n  a s o l u t i o n  o f  r e d i s t i l l e d  m ethano l and a p p l i e d  to  Whatman No,3 f i l t e r  

pa p e r  l i n i n g  th e  b a s e  o f  g l a s s  p e t r i  d i s h e s .  The volume and  c o n c e n t r a t i o n
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o f  t h e  s o l u t i o n  used  was a p p r o p r i a t e  t o  g i v e ,  on  e v a p o r a t io n  o f  t h e  m e th a n o l ,  

an  amount t h a t  w ould r e s u l t  i n  t h e  d e s i r e d  nom inal m o la r  c o n c e n t r a t i o n  when 

a s t a n d a r d  volume o f  r e d i s t i l l e d  w a te r  was added  to  t h e  d i s h .  1 ml o f  t e s t  

s o l u t i o n  was added to  4.5cm d i a m e te r  g l a s s  p e t r i  d i s h e s ,  and  on e v a p o r a t i o n ,

1 .5  ml o f  d i s t i l l e d  w a te r  was added to  50 achenes  p e r  p e t r i  d i s h .  T re a tm e n ts  

were r e p l i c a t e d  t h r i c e  and i n c u b a t e d  a t  t h e  low er t e m p e r a tu r e  ( i n d i c a t e d  in  

th e  r e s u l t s )  f o r  16h. G e rm in a t io n  was a t  25®C o r  35®C e i t h e r  i n  t h e  da rk  

o r  l i g h t ,  o r  i n  a l t e r n a t i n g  t e m p e ra tu re s  o f  15/25®C o r  1 5 / 35®C w i th  16h s p e n t  

a t  t h e  uppe r  t e m p e ra tu re  p a r t  o f  t h e  c y c l e  i n  a  24h d i u r n a l  c y c l e .  Also 

l i g h t  was g iv e n  a t  t h e  upper  t e m p e r a tu r e  p a r t  o f  t h e  c y c le .

Hormones and  S t r a t i f i c a t i o n : Achenes w ere  s t r a t i f i e d  i n  d i s t i l l e d  w a te r  o r

i n  0 .0 1 ,  0 .1  and ImM GA^ f o r  2 , 4 , 6 , 1 2 , 1 5  and 20 weeks a t  4®C. Achenes 

s t r a t i f i e d  i n  GA  ̂ w ere  d i s p e n s e d  i n t o  g l a s s  p e t r i  d i s h e s ,  m o is te n e d  w i th

d i s t i l l e d  w a t e r ,  w h i l e  th o s e  s t r a t i f i e d  i n  d i s t i l l e d  w a te r  w ere  i n c u b a t e d  in

0 .0 1 ,  0 .1  and  ImM GA^, a f t e r  t h e  d e s i r e d  s t r a t i f i c a t i o n  p e r i o d .  Red (R) o r

Far  Red (FR) l i g h t  was g iv e n  and  g e r m in a t io n  to o k  p l a c e  a t  20°C i n  t h e  d a rk .

Growth R e ta r d a n t s  and S t r a t i f i c a t i o n  T r e a tm e n t : Achenes were s t r a t i f i e d  i n

CGC ( 6 .3 3 ,  0 .6 3 5  and 0 .0 6 3 3  mM); B995 ( 6 .2 5 ,  0 .6 2 5  and  0 .0625  mM); AMO 1618

( 2 .7 9 ,  0 .2 7 9 ,  0 .0279  mM); an d  Ancymidol (0 .0 1  and 0 .0 0 1  mM) o r  i n  d i s t i l l e d  

w a te r  a t  4®G f o r  4 ,9  and 12 w eeks . A f t e r  t h e  d e s i r e d  p r e t r e a t m e n t  p e r i o d ,  

a chenes  t h a t  were s t r a t i f i e d  i n  g row th  r e t a r d a n t s  w ere  d is p e n s e d  i n t o  p e t r i  

d i s h e s  and  in c u b a te d  i n  d i s t i l  l e d  w a t e r .  W hile t h o s e  s t r a t i f i e d  i n  d i s t i l l e d  

w a te r  w ere  i n c u b a te d  i n  t h e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  g row th  r e t a r d a n t s .

The d i s h e s  were s u b s e q u e n t ly  g e rm in a te d  a t  20®G i n  t h e  d a r k .

ABA and S t r a t i f i c a t i o n  T r e a tm e n t : Achenes w ere  s t r a t i f i e d  a t  4®G f o r  24 weeks

i n  d i s t i l l e d  w a t e r ,  d is p e n s e d  i n t o  g l a s s  p e t r i  d i s h e s  an d  in c u b a t e d  i n  ImM ABA

f o r  24 o r  48h a t  20®C i n  t h e  d a r k .  A f t e r  t h i s  i n c u b a t io n  p e r i o d ,  achenes  were
-

    ______________________________
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t r a n s f e r r e d  to  d i s t i l l e d  w a t e r ,  and  e i t h e r  i r r a d i a t e d  w i t h  10 m inu tes  R l i g h t  

o r  n o t ,  and in c u b a t e d  back  a t  20®C i n  t h e  d a r k .  A lso  c h i l l e d  a c h en e s  w ere  

g e rm in a te d  i n  t h e  p r e s e n c e  o f  ABA a t  20®C i n  t h e  d a rk .

Achenes w ere  a l s o  c h i l l e d  a t  4®C f o r  8 weeks i n  ImM ABA, t r a n s f e r r e d  t o  

d i s t i l l e d  w a te r  and in c u b a te d  i n  GA^, KIN o r  i r r a d i a t e d  w i th  R l i g h t  and 

g e rm in a te d  a t  20°C i n  t h e  d a rk .

G e rm in a t io n  C o n d i t i o n s : A chenes, e i t h e r  u n c h i l l e d  o r  c h i l l e d  (100 i n  num ber) ,

were  d i s p e n s e d  i n t o  9cm g l a s s  p e t r i  d i s h e s  l i n e d  w i t h  one Whatman g ra d e  181 

f i l t e r  p a p e r  m o is te n e d  w i th  10ml ( n o n - c h i l l e d  a c h en e s )  o r  5ml ( c h i l l e d  a c h e n e s )  

o f  d i s t i l l e d  w a te r  o r  a p p r o p r i a t e  s o l u t i o n ( s ) .  T re a tm e n ts  were r e p l i c a t e d  

tw ic e  o r  t h r i c e  ( i n d i c a t e d  i n  t h e  r e s u l t s )  and e n c lo s e d  in  c y l i n d r i c a l  cans  

o r  c o v e re d  w i t h  a  d o u b le  l a y e r  o f  a lum in ium  f o i l  and g e rm in a te d  u n d e r  d e s i r e d  

c o n d i t i o n s .  For l i g h t  t r e a t m e n t s ,  d i s h e s  were exposed  o n ly  d u r in g  t h e  

r e q u i r e d  l i g h t  p e r i o d .  A l l  p r o c e d u r e s  w ere  c a r r i e d  o u t  i n  t h e  da rk  room, as 

d e s c r i b e d  i n  t h e  G e n e ra l  M a t e r i a l s  and M ethods. G e rm in a t io n  was s c o re d  a f t e r  

v a r i o u s  t im e s  depend ing  on  t h e  e x p e r im e n ts  ( i n d i c a t e d  i n  t h e  r e s u l t s ) .

RESULTS

The E f f e c t s  o f  E xogenously  a p p l i e d  Hormones 

U n c h i l l e d  Achenes

The e f f e c t s  o f  GA^^^, GA^, k i n e t i n  o r  k i n e t i n  combined w i th  GA^^^ o r  GA  ̂

a r e  shown i n  Table  7 .1 .  The r e s u l t s  d e m o n s t ra te  t h a t  n e i t h e r  GA  ̂ n o r  GA^^^ 

has  any  s i g n i f i c a n t  e f f e c t  on  t h e  g e r m in a t io n  o f  u n c h i l l e d  ac h en e s  a t  35°C i n  

th e  dark  (T a b le  7 .1 a ,  n o s .  1 § 2 ) .

The t r e a t m e n t  i n  which k i n e t i n  was a p p l i e d  a lo n e  s t i m u l a t e d  g e rm in a t io n

and i s  s i g n i f i c a n t  o v e r  t h e  w a te r  ( c o n t r o l )  t r e a tm e n t  (T a b le  7 , I d ,  n o .3 ) .
'

When k i n e t i n  was g iv e n  i n  c o m b in a t io n  w i th  GA  ̂ o r  GA^^^, g e rm in a t io n  i n c r e a s e d
■ , ■ V;-

s l i g h t l y  b u t  c anno t  be c o n s id e r e d  t o  be  s u b s t a n t i a l  o v e r  t h a t  o f  k i n e t i n  

t r e a tm e n t  a lo n e  (T a b le  7 . 1 ) .
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G e rm in a t io n  i n  t h e  l i g h t  enhanced  g e rm in a t io n  (T a b le  7 .1 )  and t h e s e  were 

s i g n i f i c a n t l y  d i f f e r e n t  o v e r  t h e i r  c o r r e s p o n d in g  d a rk  t r e a t m e n t s  (T a b le  7 . 1 c ) .  

The t r e n d  o f  l i g h t  g e r m in a t io n s  was e s s e n t i a l l y  s i m i l a r  to  d a rk  g e r m i n a t io n s .

The r e s u l t s  do n o t  i n d i c a t e  any  one  f a c t o r  s u b s t i t u t i n g  f o r  a n o th e r ;  

in d e e d ,  h i g h e s t  g e r m in a t io n  i s  o b t a i n e d  when GA^ o r  GA^^^ i s  combined w i th  

k i n e t i n  and  g e rm in a te d  i n  th e  p r e s e n c e  o f  l i g h t  (T ab le  7 . 1 ) .  P e rhaps  t h i s  

p r o m o t iv e  e f f e c t  c o u ld  be  a t t r i b u t e d  p r i m a r i l y  to  t h e  e f f e c t s  o f  k i n e t i n  and 

l i g h t ,  t h e  GA^ o r  GA^^y i n f l u e n c e  b e in g  s l i g h t  o r  n e g l i g i b l e .

The above r e s u l t s  w ere  c o n f i rm e d  in  t h e  seco n d  s e t  o f  t h i s  e x p e r im e n t  in  

w hich  hormone t r e a t e d  achenes  w ere  i r r a d i a t e d  w i th  30 m in u te s  Red (R) l i g h t  

i . e .  t h a t  GA^ d i d  n o t  s t i m u l a t e  g e rm in a t io n  (T a b le  7 . 2 ,  n o . l ) ,  

k i n e t i n  enhanced  s i g n i f i c a n t  g e r m in a t io n  (T a b le  7 . 2 ,  n o . 2 ) ,  w h i l e  t h e  

c o m b in a t io n  o f  GA^ aud k i n e t i n  gave  r e s u l t s  coup a r a b l e  t o  g e r m in a t io n  in  o n ly  

k i n e t i n  t r e a tm e n t  (T a b le  7 .2 ,  n o . 3 ) .  When R i r r a d i a t i o n  was g iv e n  th e  

g e rm in a t io n  was p rom o ted  an d  was s i g n i f i c a n t l y  g r e a t e r  th a n  n o n - i r r a d i a t e d  

a c h e n e s ,  o r  GA^ t r e a t m e n t  (T a b le  7 .2 ,  n o s .  4 § S ) .  This  i n d i c a t e s  t h a t  

w h i l e  R p rom o ted  g e r m in a t io n  s l i g h t l y ,  GA  ̂ d id  n o t .  However, t h e  t r e a tm e n t  

w i th  k i n e t i n  a lo n e  enhanced  g e r m in a t io n  o v e r  t h a t  o f  R l i g h t  t r e a t m e n t  (T a b le  

7 . 2 ,  n o . 6 ) .  The co m b in a t io n  o f  R + GA^ t r e a t m e n t  enhanced  g e r m in a t io n  o v e r  

t h a t  o f  GA^ and  n o t  R t r e a t m e n t s  (T a b le  7 . 2 ) ;  t h i s  enhancem ent o f  g e r m in a t io n  

i s  a t t r i b u t e d  to  R i r r a d i a t i o n .  The R + k i n e t i n  t r e a tm e n t  gave g e r m in a t io n  

w hich was b e t t e r  t h a n  e i t h e r  a l o n e .  The c o m b in a t io n  o f  t h e  t h r e e  f a c t o r s ,

i . e .  R, GAg and  k i n e t i n ,  gave th e  h i g h e s t  g e rm in a t io n  (T a b le  7 . 2 ) ,  w hich  was 

s i g n i f i c a n t l y  g r e a t e r  th a n  GA  ̂ + k i n e t i n  o r  R + GA^ t r e a t m e n t s  (T a b le  7 , 2 ,  

n o s .  11 S 1 2 ) ,  b u t  was n o t  when compared w i th  R + k i n e t i n  t r e a tm e n t  (T a b le  7 .2 ,  

n o , 1 3 ) .  I t  m igh t  be a rg u e d  t h a t  GA  ̂ o r  k i n e t i n  f a i l e d  to  s t i m u l a t e  com p le te  

g e r m in a t io n  b e c a u s e  e n t r y  i s  p r e v e n t e d  by th e  p e r i c a r p .

T h is  a p p e a r s  n o t  to  be  t h e  c a s e  b e c a u s e  i t  can be se en  t h a t  p u n c tu r i n g ,  

which may be  assumed to  a i d  e n t r y ,  does n o t  r e s u l t  in  t h e  hormone t r e a t e d  

achenes  g e rm in a t in g  t o  a g r e a t e r  e x t e n t  th a n  i n t a c t  a c h en e s  (T ab le  7 , 3 ) .
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I
I n d e e d ,  a c h en e s  t h a t  w ere  p u n c tu r e d  an d  i n c u b a t e d  a t  20°C e i t h e r  i n  t h e  da rk  

o r  l i g h t  f a i l e d  t o  g e rm in a te  o r  g e rm in a te d  p o o r ly  (T a b le  7 .3 A ) .  When a c h en e s

w ere  g e rm in a te d  a t  35°C i n  t h e  d a rk  (T a b le  7 .3 B ) ,  g e rm in a t io n  f o r  I n t a c t  +
2 1-

Water (H„0) t r e a tm e n t  i s  s i m i l a r  t o  t h a t  o f  I n t a c t  + ImM GA„ (T ab le  7 .3 ,  y t e s t  

n o . l ) ,  w h i l e  I n t a c t  + O.lmM k i n e t i n  t r e a tm e n t  gave g e rm in a t io n  s i g n i f i c a n t l y

2g r e a t e r  o v e r  th e  w a te r  o r  GA_ t r e a tm e n t  (T a b le  7 .3 ,  y t e s t  n o s .  28 3 ) .  T h isO I
a g a in  i n d i c a t e s  th e  enhancem ent e f f e c t  o f  k i n e t i n  in  c o n t r a s t  to  GA^. The

Î

g e r m in a t io n  o f  p u n c tu r e d  achenes  i n  w a t e r ,  GA  ̂ o r  k i n e t i n  was e s s e n t i a l l y  

s i m i l a r  (T a b le  7 .3B , n o s .  2 ,4 8 6 ) .  These o b s e r v a t io n s  s u g g e s t  t h a t  f a i l u r e  t o  

prom ote  g e rm in a t io n  i s  n o t  due to  la c k  o f  e n t r y  o f  t h e s e  a p p l i e d  hormones. 

P u n c tu r in g  and n o t  t h e  hormones s t i m u l a t e d  g e rm in a t io n .  G e rm in a t io n  in  l i g h t  

t r e a t e d  i n t a c t  achenes  was h i g h e r  t h a n  i n  c o r re p o n d in g  d a rk  t r e a t m e n t s  (T ab le
.

7 .3 B ) ,  i n d i c a t i n g  a s t i m u l a t o r y  e f f e c t  o f  l i g h t .  The P u n c tu re d  + W ater (H O ) 

f o r  d a rk  and  l i g h t  t r e a tm e n t s  w ere  s i m i l a r  (T a b le  7 .3 ,  n o . l ) ,  s u g g e s t in g  t h a t
■■

p u n c tu r i n g  m igh t  s u b s t i t u t e  f o r  t h e  s t i m u l a t o r y  e f f e c t  o f  l i g h t .  The P u n c tu re d  

+ GA  ̂ o r  k i n e t i n  l i g h t  t r e a t m e n t s  ca n n o t  b e  compared t o  t h e i r  c o r re s p o n d in g  

d a rk  t r e a tm e n t s  b e c a u s e  th e y  w ere  a f f e c t e d  by fungus d u r in g  th e  c o u rse  o f  t h e  

e x p e r im e n ts  (T ab le  7 .3 ,  n o s . 4 8 6 ) ,  h e n c e  th e  g e rm in a t io n  r e s u l t s  r e c o r d e d  s h o u ld  

be  t r e a t e d  w i th  a  d e g re e  o f  c a u t i o n .

E th y le n e  has  b e e n  d e m o n s t ra te d  to  s t i m u l a t e  g e r m in a t io n  in  w itchw eed  s e e d  

(E g le y ,  1972); p e a n u t  seed  (K e t r in g  an d  Morgan, 1970; Toole  e t  , 1 9 6 4 ) .

The e f f e c t s  o f  e th y l e n e  w ere  examined in  many s p e c i e s  by T a y lo rso n  (1 979 ) .  He 

o b s e rv e d  p ro m o tio n  o f  g e r m in a t io n  i n  some s p e c i e s ,  i n h i b i t i o n  i n  some, w h i le  in  

s p e c i e s  l i k e  Polygonum c o n v o lv u lu s  and P. pen n sy lv an icu m  and in  many o t h e r s ,  

e t h y l e n e  has  no e f f e c t .  The e f f e c t  on P. p e r s i c a r i a  ( F ig u r e  7 .1 )  d e m o n s t ra te s  

t h a t  p ro m o tio n  o f  g e rm in a t io n  i s  d e p e n d e n t  upon th e  g e rm in a t io n  c o n d i t i o n s ,

i . e .  t e m p e r a tu r e  and  l i g h t .  I t  i s  n o t  a f f e c t e d  by a p p l i e d  e th y l e n e  ( e t h r e l ) .

The b r e a k in g  o f  dormancy f o r  u n c h i l l e d  achenes  fo l lo w s  th e  g e n e r a l  t r e n d  

e a r l i e r  d e m o n s t ra te d  i n  C h a p te r  4 .

F a t t y  a c i d s ,  e s p e c i a l l y  n o n a n o ic  a c i d ,  have been  i m p l i c a t e d  i n  t h e
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,

o r  FR l i g h t  (T ab le  7.4B8C o r  F ig u re  7.3B,C8D) deanonstTates an i n t e r a c t i o n  

b e tw een  th e  GA  ̂ c o n c e n t r a t i o n s  and  l i g h t  t r e a tm e n t s  (T ab le  7 .4 ,  A n a ly s i s  o f  

V a r i a n c e ) . T h is  i n t e r a c t i o n  m ig h t  b e  due e n t i r e l y  t o  t h e  b e h a v io u r  o f  t h o s e  

a c h e n e s  which show an enhanced  g e r m in a t io n  o v e r  th o s e  t r e a t e d  w i t h  e i t h e r  GA^ 

o r  GAg + FR, I n d i c a t i n g  a  s t i m u l a t o r y  e f f e c t  o f  R. The g e r m in a t io n s  i n  GA  ̂

and GA  ̂ + FR w ere  e s s e n t i a l l y  s i m i l a r  (T a b le  7 .4 ,  A8C o r  F ig u re  7 .3 B ,C ,D ) ,  

s u g g e s t in g  t h a t  FR has no e f f e c t ,  e i t h e r  i n h i b i t o r y  n o r  s t i m u l a t o r y ,  when 

a chenes  were s t r a t i f i e d  in  GA^. However, t h e  w a te r  + R t r e a tm e n t  gave 

g e r m in a t io n  com parable  to  w a te r  + FR t r e a tm e n t  (T ab le  7.4B8C o r  F ig u re  7 .3B ,

I

g e r m in a t io n  and dormancy o f  some s p e c i e s  (B e r r i e  ejt ad_., 19 7 5 ) .  The t e s t  

c a r r i e d  o u t  w i th  a p p l i e d  n o n an o ic  a c id  d e m o n s t ra te s  t h a t  g e r m in a t io n  i s  

d e p e n d e n t  on t e m p e ra tu re  and l i g h t  c o n d i t i o n s ,  b u t  n o t  a f f e c t e d  by n o n a n o ic  

a c id  ( F ig u r e  7 . 2 ) .

C h i l l e d  Achenes

When th e  achenes  w ere  s t r a t i f i e d  i n  th e  p r e s e n c e  o f  GA^ and s u b s e q u e n t ly  

g e rm in a te d  in  w a t e r ,  t h e  r e s u l t s  (T ab le  7.4A o r  F ig u r e  7.3A) d e m o n s t ra te  t h a t  

t h e  t r e a tm e n t  enhanced  g e r m in a t io n .  The d u r a t i o n  o f  s t r a t i f i c i a t i o n  a t  4°C 

i s  s i g n i f i c a n t ,  and so a l s o  i s  t h e  l i g h t  t r e a tm e n t  g iv e n  d u r in g  g e r m in a t io n  

(T ab le  7 . 4 ,  A n a ly s i s  o f  V a r i a n c e ) .  The r e s u l t s  a l s o  show t h a t  t h e r e  i s  

s t a t i s t i c a l  i n t e r a c t i o n  b e tw een  e x p o su re  tim e  and  GA  ̂ t r e a t m e n t s  (T ab le  7 .4 ,  

A n a ly s i s  o f  V a r i a n c e ) .  However, i t  a p p e a rs  t h a t  t h e  i n t e r a c t i o n  o b s e rv e d  

was m a in ly  due to  t h e  e a r l y  p e r i o d  o f  th e  s t r a t i f i c a t i o n  (2 -6  w eeks) and  w i th  

f u r t h e r  e x p o su re  t im e ,  g e r m in a t io n  b e tw e en  w a te r  and GA„ t r e a t m e n t s  was 

e s s e n t i a l l y  s i m i l a r  (T a b le  7.4A o r  F ig u re  7 .3 A ) .  This m ig h t  i n d i c a t e  t h a t  

t h e  r e q u i r e m e n t  f o r  g i b b e r e l l i n ,  i f  any , i s  s e e n  on ly  d u r in g  t h e  e a r l y  p e r i o d  

o f  s t r a t i f i c a t i o n .  T h is  i s  i n d i r e c t  e v id e n c e  t h a t  GA may b e  s y n t h e s i z e d ,  o r  

t h e  ach en e  becomes more r e s p o n s i v e  t o  t h e  endogenous GA as s t r a t i f i c a t i o n  

p r o c e e d s .

T re a tm e n t  i n  which a c h en e s  w ere  s t r a t i f i e d  i n  GA  ̂ and i r r a d i a t e d  w i t h  R

..i
4
'

I
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C8D). T h is  a l s o  co n f i rm s  e a r l i e r  o b s e r v a t i o n s  (C h a p te r  5) t h a t  r e s p o n s i v e n e s s  f?
■ f  i

t o  FR i s  l o s t  a s  s t r a t i f i c a t i o n  p r o g r e s s e s .  I t  a p p e a r s  from t h e s e  r e s u l t s  

t h a t  w h i l e  R p ro m o t io n  i s  s t i l l  e v id e n t  w i th  GA^, FR i s  n o t .  In  t h e  a b sen c e  

o f  r e s u l t s  from an  e x p e r im e n t  i n  w h ich  R i r r a d i a t i o n  i s  fo l lo w e d  by FR, i t  

c a n n o t  be c la im e d  t h a t  phy tochrom e i s  i n v o lv e d  in  t h e  s y s te m . In any c a s e  

t h e  amount o f  enhancem ent i s  sm a l l  and  u n l i k e  t h a t  o f  p h o t o b l a s t i c  l e t t u c e  

s e e d s .

T re a tm e n ts  i n  which GA  ̂ was a p p l i e d  a f t e r  s t r a t i f i c a t i o n  (Table  7 .5  o r  

F ig u r e  7 .4 )  showed a s i m i l a r  p a t t e r n  o f  g e r m in a t io n ,  i . e .  t h e  d i f f e r e n c e  

be tw een  t h e  GA  ̂ a n d  th e  w a te r  t r e a tm e n t  ( c o n t r o l )  g r a d u a l ly  d e c r e a s e s  a s  th e  

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

When achenes  w ere  g e rm in a te d  in  GA  ̂ a f t e r  s t r a t i f i c a t i o n ,  p e r c e n ta g e  

g e rm in a t io n  was s i g n i f i c a n t l y  g r e a t e r  th a n  th o s e  c h i l l e d  i n  GA  ̂ and g e rm in a te d  

i n  w a te r  (T a b le s  7.4A 8 7 . 5 ,  F ig u re s  7 .3A 8 7 . 4 ) .  Pe rhaps  i t  m igh t be 

s u g g e s t e d  t h a t  t h e  e f f e c t  o f  a p p l i e d  GA^ d u r in g  s t r a t i f i c a t i o n  i s  n o t  to  

s u b s t i t u t e  f o r  de novo s y n t h e s i s  o f  g i b b e r e l l i n  d u r in g  s t r a t i f i c a t i o n ,  b u t  

r a t h e r  t h e  e f f e c t  i s  a c a r r y - o v e r  o f  t h e  hormone, an d  t h e  e f f e c t  i s  e x p r e s s e d  

when t h e  achenes  a r e  t r a n s f e r r e d  to  a  h i g h e r  t e m p e r a tu r e  t o  e n a b le  g e rm in a t io n  

to  be e x p re s s e d .

The E f f e c t s  o f  Exogenously  A p p l ie d  Growth R e ta r d a n ts  d u r in g  S f r a t i f i c a t i o n

In  an  a t t e n p t  to  e l u c i d a t e  f u r t h e r  t h e  p o s s i b l e  r o l e  o f  g i b b e r e l l i n  d u r in g  

s t r a t i f i c a t i o n ,  t h e  achenes  were c h i l l e d  in  d i f f e r e n t  c o n c e n t r a t i o n s  o f  grow th  

r e t a r d a n t s  w hich  have b e e n  r e p o r t e d  t o  b lo c k  s y n t h e s i s  o f  g i b b e r e l l i n .  These 

g row th  r e t a r d a n t s  have b een  used  as  t o o l s  f o r  th e  s tu d y  o f  GA s y n t h e s i s  i n  t h e  

s e e d s .  I f  g i b b e r e l l i n  i s  s y n th e s i z e d  e i t h e r  d u r in g  s t r a t i f i c a t i o n  o r  a f t e r  

t r a n s f e r  t o  a  h ig h e r  t e m p e r a tu r e ,  t h e n  a p p l i c a t i o n  o f  an  exogenous growth

r e t a r d a n t  d u r in g  o r  a f t e r  s t r a t i f i c a t i o n  s h o u ld  i n h i b i t  t h i s  s y n t h e s i s  and ÿ

th u s  p r e v e n t  g e r m i n a t io n .

The i n h i b i t o r s  chosen w ere  B995, CGC, AMO 1618 and Ancym idol. These a re



I n h ib i to r S tru c tu re R eference Source S tep  I n h ib ite d Remarks

B 995
II

CHo— C — NH— N

1 ■
CHg—. COOH

Dennis e t  a l .  
(1965)

C e l l  F re e  E x tra c t  of 
Immature f r u i t  o f 
Marah (E c h in o c y s tis )  
m acrocarpa Greene 
endosperm (w ild  
cucvniber) seed .

Did n o t i n h i b i t  ( - ) -  
kaurene fo rm atio n

A ppears to  be 
somewhat in h ib i to r ' 
a t  h ig h e r  concen­
t r a t i o n s

N -d  im ethy 1 ami no 
su cc in a ra ic  ac id

F ro s t  § West 
(1977)

Did n o t i n h ib i t  
c y c l i z a t io n  o f  GGPP to  
CPP(A s te p )  o r  
CPP to  e n t-k a u re n e  
(B s te p )

At any le v e l  t e s t

Cathey (1964)

Ninnemann e t  a l .  
(1964)

C u ltu re s  o f  Pusarium  
m o nilifo rm e S held  
(G ib b e re l la  f u j ik u r o i  
SAW. WR) (Fungus)

No d e c re a s e  i n  GA 
p ro d u c tio n  was 
o b se rv ed .

B95S was no t 
m etab o lised

CCG

Cl-CHz-CHT-Nf-CH_.Cl" Z Z 1 0

Dennis e t  a l . 
(1965)

Marah m acrocarpa 
G reene ( c e l l  f r e e  
e x tr a c t )

Did n o t s i g n i f i c a n t ly  
i n h i b i t  e n t-k a u ren e  
s y n th e s is  a t  1 0  o r  
1 0 0  yg /m l.

GH3

( 2 - c h lo ro e th y l)  
trimethylammonium c h lo r id e

Ninnemann e t  a l . 
(1964)

C u ltu re s  o f  F u sariu n  
m o n ilifo rm e  S held  
(Fungus)

GA p ro d u c tio n  
n u l l i f i e d .

Barnes e t  a l ,  
(1969)

Fusarium  m onilifo rm e 
S held

In h ib ite d  GA 3  b io s y n th e s is  
a t  c y c l i z a t io n  s te p  o f  
GGPP to  e n t-k a u ren e

Cathey (1964)

F ro s t  and West 
(1977)

Immature f r u i t  o f  Marah 
m acrpcarpus Greene 
endosperm ( c e l l  f r e e  
e x t r a c t

In h ib i te d  c y c l i z a t io n  o f  
GGPP to  GPP. CPP to  
e n t-k a u ren e  n o t a f f e c te d .

AMO 1618 0

-

CH —

CH3  CH3  

1

f  V n—CH .C l

CH -  CĤ -̂

) ro p y l- 2 -m ethyl 
ammonium c h lo r id e ,  
lo x y la te .

Dennis e t  a l .  
(1965)

C e ll f r e e  e x t r a c t  o f  
endosperm  o f  n u c e llu s  o f  
Marah (E c h in o c y s tis )  
m acrocarpa G reene (w ild 
cucumber) seed

I n h ib i t e d  c y c l iz a t io n  
o f  GGPP to  en t-k a u ren e

3

4 -H y d ro x y l-5 -iso f 
phenyl t r im e th y l  
1 - p ip e r id in e  c a r t

F ro s t  and West 
(1977)

C y c liz a t io n  o f  GGPP 
to  CPP i n h ib i t e d  
(A s te p )

Cathey (1964)

Barnes e t  a l .  
(1969)

Fusarium  m onilifo rm e 
Sheld  (G ib b e re lla  f u j i ­
k u ro i SAW. WR)

C y c liz a t io n  o f  GGPP 
to  en t-k a u ren e

Ancymidol qh

— 0 ----  CH3

Coolbaugh e t  a l .  
(1978)

Immature f r u i t  o f  Marah 
m acrocarpus Greene 
(endosperm  c e l l  f r e e  
e x tr a c t )

I n h ib i t s  o x id a t io n s  o f  
k au ren e , k a u ren o l and 
k a u ren a l b u t  n o t 
k au ren o ic  a c id

CH

H gC^^CHg 
c t-c y c lo -p ro p y l-a  [p-m ethoxyphenyl ] - 
5 -p y rim id inem etheno l a lc o h o l

C u ltu re s  o f  Fungus Did n o t i n h ib i t  th e  A c tiv e  a t  low 
Fusarium  m o nilifo rm e Sheld  o x id a tio n s  o f  k au ren e , c o n c e n tra t io n s

k au ren o ic  a c id  o r  
p ro d u c tio n  o f  GA3  i it  
v i t r o  o r  in  v ivo

D esp ite  th e  i n h ib i t io n  o f  g ib b e r e l l i n  b io s y n th e s is  re p o r te d  above, some o f  th e s e  growth r e ta r d a n t s  can a ls o  in c re a s e  th e  
endogenous l e v e l  o f  g ib b e r e l l i n ,  e .g .  1 mg/CCC s t im u la te d  GA le v e l s  1 5 0 -fo ld  w h ile  1 mg/AMO 1618 in c re a s e d  th e  q u a n ti ty  o f  GA; 
however h ig h e r  c o n c e n tra t io n s  o f  AMO 1618 (200 mg/1) reduced  th e  amount o f  GA u n l ik e  CGC in  p eas (R eid  and C ro z ie r , 1970a§b). 
Halevy and S h ilo  (1969) o b served  t h a t  CGC in c re a s e d  th e  c o n te n t o f  th e  g ib b e r e l l i n s  in  g la d io lu s  p l a n t s .

The r e s u l t s  o f  e x p erim en ts  in  which growth r e ta r d a n t s  a re  u sed  to  re d u ce  GA b io s y n th e s is  th e r e f o r e  need to  be  in te r p r e te d  
w ith  some c a u t io n .
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t h o u g h t  to  i n h i b i t  a t  d i f f e r e n t  p o s i t i o n s  as  i n d i c a t e d  i n  t h e  c h a r t  on t h e  

o p p o s i t e  p ag e .

When achenes  w ere  s t r a t i f i e d  in  w a t e r  and g e rm in a te d  i n  d i f f e r e n t  c o n c en ­

t r a t i o n s  o f  B995, CCC, AMO 1618 o r  Ancymidol a t  20^C in  th e  d a r k ,  g e rm in a t io n  

was n o t  p r e v e n t e d  (T a b le  7 .6A,B,C^D o r  F ig u re  7 .5A ,B ,C §D ). In d eed ,  t r e a t m e n t s  

w i th  g row th  r e t a r d a n t s  w ere  com parab le  to  w a te r  t r e a t m e n t s ,  and t h i s  m igh t  

s u g g e s t  t h a t  even i f  g i b b e r e l l i n  s u b s ta n c e  i s  s y n t h e s i z e d ,  i t  m igh t  n o t  a f f e c t  

g e r m in a t io n .

T re a tm e n ts  i n  w hich  a c h en e s  w ere  s t r a t i f i e d  i n  g row th  r e t a r d a n t s  had 

p e r c e n ta g e  g e rm in a t io n s  s l i g h t l y  l e s s  th a n  th e  w a te r  S t r a t i f i e d  a c h en e s  (T ab le  

7.7A,B,C§D o r  F ig u re  7 .5 A ,B ,C # )  . I t  does n o t  seem t h a t  t h e  s l i g h t  d e c re a s e  

i n  g e r m in a t io n  due to  t h e  grow th  r e t a r d a n t s  m igh t b e  t h e  r e s u l t  o f  i n h i b i t i o n  

o f  d e  novo s y n t h e s i s  o f  g i b b e r e l l i n  d u r in g  s t r a t i f i c a t i o n .

T re a tm e n ts  w i th  B995 o r  Ancymidol seem t o  be  more e f f e c t i v e  i n  d e c r e a s in g  

t h e  p e r c e n ta g e  g e rm in a t io n s  o f  achenes  (T ab les  7 .6  d, 7 . 7 ,  2 F a c to r  A n a ly s is  o f  

V a r ia n c e ,  pages  196 § 1 9 8 ) .  In  a l l  c a s e s ,  achenes i n c u b a t e d  in  g row th  r e t a r d a n t s  

a f t e r  c h i l l i n g  gave b e t t e r  p e r c e n ta g e  g e r m in a t io n  th a n  th o s e  c h i l l e d  in  g row th  

r e t a r d a n t s  (T a b le s  7 .6  S 7 .7  o r  F ig u re s  7 .5A ,B ,C ^D ).

T re a tm e n t  w i th  1 o r  O.lmM Ancymidol r e t a r d e d  th e  l e n g t h  o f  t h e  r a d i c l e s .  

R a d ic le s  w ere  t h i c k e r  and s h o r t e r  th a n  th e  w a te r  t r e a tm e n t  i n  c o n t r a s t  t o  0 .01 

o r  O.OOlmM.

The o v e r a l l  r e s u l t s  a p p e a r  to  i n d i c a t e  t h a t  th e  in v o lv e m e n t  o f  g i b b e r e l l i n  

e i t h e r  d u r in g  o r  a f t e r  s t r a t i f i c a t i o n  i s  q u e s t i o n a b l e .

A b s c i s i c  Acid (ABA)

The in v o lv e m e n t  o f  endogenous ABA d u r in g  s t r a t i f i c a t i o n  i n  P. p e r s i c a r i a  

has  b een  d i s c u s s e d  on page  1 6 3 .  I t  has  been  s p e c u la te d  in  o t h e r  s p e c i e s  t h a t  

endogenous ABA d e c l i n e s  d u r in g  c o ld  t r e a tm e n t  and c o n s e q u e n t ly  dormancy i s  

b ro k e n .  I t  i s  t h e n  a rgued  t h a t  a p p l i c a t i o n  o f  exogenous ABA e i t h e r  d u r in g  o r  

a f t e r  s t r a t i f i c a t i o n  s h o u ld  p r e v e n t  g e r m in a t io n .



P l a t e  4

a : Achenes germinated a t  20®C (dark) in  th e  p resen ce  o f  ImM ABA 
a f t e r  s t r a t i f i c a t i o n .

b : Achenes exposed to ImM ABA for  24h and t r a n s fe r r e d  to water a t  
20®C in  the dark a f t e r  s t r a t i f i c a t i o n .
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When achenes were s t r a t i f i e d  i n  ABA and then  germ inated  in  w a te r  a t  20°C

in  th e  d a rk  (T ab le  7 .8 )  g e r m in a t io n  was n o t  p r e v e n te d ,  and i t  was c o n p a ra b le

to  w a te r  s t r a t i f i e d  a c h e n e s .  S t r a t i f i c a t i o n  i n  ABA was n o t  s i g n i f i c a n t l y
2

d i f f e r e n t  t o  s t r a t i f i c a t i o n  i n  w a te r  (T ab le  7 .8 ,  x t e s t ,  A vs B ) . Even when

achenes  were g e rm in a te d  in  GA  ̂ o r  k i n e t i n  a f t e r  s t r a t i f i c a t i o n  in  ABA (T ab le  
2

7 .8 ,  X t e s t ,  B vs  C; B vs D ) , p e r c e n ta g e  g e rm in a t io n  was n o t  s i g n i f i c a n t l y

g r e a t e r  t h a n  g e rm in a t io n  i n  w a t e r .  However, R i r r a d i a t i o n  d i d  enhance

g e rm in a t io n  s l i g h t l y  (T ab le  7 .8 ,  x^ t e s t ,  B vs E ) .

The r e s u l t s  o f  a c h en e s  s t r a t i f i e d  in  w a t e r  and exposed  to  ImM ABA f o r  24h

o r  48h a t  20°C i n  t h e  da rk  b e f o r e  b e in g  t r a n s f e r r e d  to  w a te r  a t  2 0 i n  t h e

d a rk  a r e  shown i n  T ab le  7 .9 .  These r e s u l t s  d e m o n s t ra te  t h a t  achenes

g e rm in a te d  on rem oval from ABA, and t h e  p e r c e n ta g e  g e rm in a t io n  o f  achenes  k e p t

f o r  24h i n  ABA i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  o f  t h e  c o n t r o l  (H^O)
2

(T ab le  7 .9 ,  x t e s t ,  A vs C ) . G e rm in a t io n  was s l i g h t l y  enhanced  i f  achenes

were i r r a d i a t e d  w i t h  R o r  s u b j e c t e d  to  one c y c le  o f  20®C (8h)D /35  C(16h)D a f t e r

248h ABA e x p o s u re  (T ab le  7 . 9 ,  x t e s t ,  A v s  E § A vs G ) . Achenes exposed  

c o n t in u o u s ly  u n d e r  t h e  i n f l u e n c e  o f  ABA g e rm in a te d  (T a b le  7 .9 B ) , a l th o u g h  

r a d i c l e  e l o n g a t i o n  was p r e v e n t e d  ( P l a t e  4 ) .  I t  a p p e a rs  t h a t  exogenous 

a p p l i c a t i o n  o f  ABA does n o t  p r e v e n t  g e rm in a t io n ,  r a t h e r  i t  a f f e c t s  r a d i c l e  

e lo n g a t i o n .  These o b s e r v a t i o n s  a g re e  w i th  th o s e  o f  K arssen  (1976a) in  

Chenopodium album.

DISCUSSION

I t  has b e e n  c l e a r l y  d e m o n s t ra te d  t h a t  exogenous a p p l i c a t i o n  o f  GA^ o r  

GA^^y i s  i n e f f e c t i v e  i n  t e r m i n a t i n g  t h e  p r im a ry  dormancy o f  u n c h i l l e d  a c h e n e s .  

The a rgum en t t h a t  t h e s e  hormones m igh t  n o t  e n t e r  i n t o  t h e  a c h en e s  i s  u n l i k e l y  

b e c a u s e  i n c u b a t in g  p u n c tu r e d  achenes  i n  exogenous GA  ̂ o r  GA^^y f a i l e d  to  

s t i m u l a t e  g e r m in a t io n .  A lthough  t h e  p o s s i b i l i t y  t h a t  GA^ o r  GA^^y i s  i n a c t i v e  

i n  P . p e r s i c a r i a  i s  n o t  r u l e d  o u t ,  o r  a l t e r n a t i v e l y  t h e  hormones d id  n o t  r e a c h  

t h e  r e c e p t o r  s i t e s .  In  c o n t r a s t  t o  GA^, k i n e t i n  enhanced th e  g e r m in a t io n  o f
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u n c h i l l e d  i n t a c t  a c h e n e s .  The enhancem ent e f f e c t  o b s e rv e d  when GA^ o r  GA^^y 

i s  combined w i th  k i n e t i n  a p p e a rs  t o  be  due to  th e  e f f e c t  o f  k i n e t i n ,  h ence  

i n t e r a c t i o n  be tw een  GA  ̂ o r  GA^^y w i th  k i n e t i n  seems u n l i k e l y .  However, 

Okusanya and Linger (1983) i n  S p e r g u l a r i a  m a r in a ,  o b s e rv e d  i n t e r a c t i o n  be tw een  

GA  ̂ w i t h  k i n e t i n ,  and n o te d  t h a t  w i t h o u t  k i n e t i n ,  no g e r m in a t io n  o c c u r r e d  

w i t h i n  t h e  f i r s t  2  weeks o f  i n c u b a t i o n .

The p e r c e n ta g e  g e r m in a t io n  o f  u n c h i l l e d  achenes i n c u b a te d  in  GA  ̂ and

i r r a d i a t e d  w i t h  R i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  R i r r a d i a t i o n

2a lo n e  (T ab le  7 .2 ,  x t e s t ,  n o . 8 ) ,  i n d i c a t i n g  t h a t  a d d i t i v e  o r  s y n e r g i s t i c  

i n t e r a c t i o n  does  n o t  o c c u r .  I t  a p p e a rs  t h a t  t h e  p ro m o tiv e  e f f e c t  o b se rv e d  

c o u ld  b e  a t t r i b u t e d  to  t h e  e f f e c t  o f  R l i g h t ,  and t h i s  a rg u e s  a g a i n s t  t h e  

s p e c u l a t i o n  t h a t  R l i g h t  m ig h t  a c t  to  p ro m o te  th e  s y n t h e s i s  o f  g i b b e r e l l i n  o r  

s u b s t i t u t e  f o r  GA, a t  l e a s t  i n  P .  p e r s i c a r i a .

When R i s  g iv e n  i n  t h e  p r e s e n c e  o f  exogenous k i n e t i n ,  g e r m in a t io n  

i n c r e a s e s  and  i s  b e t t e r  th a n  e i t h e r  g iv e n  a lo n e .  I t  seems p l a u s i b l e  to  

s u g g e s t  t h a t  R does n o t  c a u s e  t h e  f o r m a t io n  o f  c y t o k i n i n .  In  f a c t ,  t h e  

c c m b in a t io n  o f  R o r  w h i t e  l i g h t ,  GA^ and k i n e t i n  gave  th e  h i g h e s t  s t i m u l a t i o n  

o f  g e r m i n a t io n .  These o b s e r v a t i o n s  f a i l  t o  f i t  i n t o  Khan’s (1971) h y p o th e s i s  

t h a t  GA and  c y t o k i n i n  p e r fo rm  p r im a ry  and s e c o n d a ry  r o l e s  r e s p e c t i v e l y .  An 

o v e r a l l  view o f  t h e  r e s u l t s  s u g g e s t s  t h a t  c y to k in in  m igh t be more r e l e v a n t  in

b r e a k in g  dormancy i n  P .  p e r s i c a r i a . I t  i s  a p p a re n t  t h a t  exogenous a p p l i c a t i o n  

o f  GA  ̂ o r  GA^^y does n o t  s t i m u l a t e  g e r m in a t io n  w h i le  k i n e t i n  d o e s  n o t  c o m p le te ly  

b r e a k  dormancy. However, i n  KalanchÜe b l o s s f e l d i a n a  s e e d s ,  Dedonder ejt a l .
«  *7

(1983) o b se rv e d  t h a t  a h ig h  c o n c e n t r a t i o n  (2x10 M) o f  exogenous GA„ in d u c e s  

FR p ro m o t io n  o f  g e r m in a t io n  i n  c o n t r a s t  t o  w a te r  i n c u b a te d  s e e d s j  and d u r in g  

t h e  p e r i o d  o f  h i g h e s t  l i g h t  s e n s i t i v i t y ,  one s i n g l e  5 m in u te s  FR i r r a d i a t i o n  

in d u c e s  more g e rm in a t io n  t h a n  one 2 m in u te s  R i r r a d i a t i o n .  This  i n d i c a t e s  

t h a t  th e  e f f e c t s  o f  exogenous g i b b e r e l l i n  co u p led  w i th  R o r  FR a re  complex 

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

d i f f e r e n t  s p e c i e s  c o u ld  be m i s l e a d i n g .

The p o s s i b i l i t y  t h a t  low t e m p e r a t u r e  i n c r e a s e s  t h e  amount o f  endogenous
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g i b b e r e l l i n  was a l s o  n o t  e v id e n t  i n  P . p e r s i c a r i a .  I t  was s u g g e s te d  t h a t  i f  

c h i l l i n g  a c t s  t o  p ro m o te  a n  i n c r e a s e  in  th e  endogenous g i b b e r e l l i n ,  t h e n  

a p p l i c a t i o n  o f  exogenous g i b b e r e l l i n  d u r in g  s t r a t i f i c a t i o n  s h o u ld  a c t  to  r e d u c e  

s t r a t i f i c a t i o n  p e r i o d ,  i . e .  s u b s t i t u t i n g  f o r  de novo s y n t h e s i s  o f  endogenous 

g i b b e r e l l i n s .  T h is  s u g g e s t i o n  assum es t h a t  a f t e r  a p r o lo n g e d  p e r i o d  o f  

s t r a t i f i c a t i o n ,  achenes  n o t  s t r a t i f i e d  in  g i b b e r e l l i n  s h o u ld  have p ro d u ce d  

c o n s i d e r a b l e  endogenous g i b b e r e l l i n  and c o n s e q u e n t ly  t h e  g e rm in a t io n  s h o u ld  be 

c o m p arab le  to  achenes  t h a t  w ere  s t r a t i f i e d  in  g i b b e r e l l i n .  The r e s u l t s  show 

c o n s i s t e n c y  o f  p ro m o tio n  o f  g e r m i n a t io n  by GA  ̂ o v e r  t h a t  o f  w a t e r  s t r a t i f i e d  

a c h e n e s .  Even a f t e r  15 weeks o f  s t r a t i f i c a t i o n  in  GA^, t o t a l  p e r c e n ta g e  

g e r m in a t io n  was n o t  above 70 p e r c e n t .

W il l iam s  ejL a ^ .  (1 9 7 4 ) ,  w ork ing  w i th  Hazel s e e d s ,  s p e c u l a t e d  t h a t  c h i l l i n g  

t r e a t m e n t  w h ich  b r e a k s  dormancy a c t i v a t e s  t h e  GA-producing mechanism, t h e  

s u b s e q u e n t  s y n t h e s i s  o f  GA o c c u r r i n g  a t  t h e  h i g h e r  g e rm in a t io n  t e m p e r a tu r e .  

A p p l i c a t i o n  o f  GA™ a f t e r  c h i l l i n g  i n  w a t e r  on  t r a n s f e r  t o  20®C prom oted  

g e r m in a t io n ,  b u t  n o t  a d e q u a te  enough t o  a l lo w  t h e  h o ld in g  o f  t h e  above  v iew .

Growth r e t a r d a n t s  a p p l i e d  e i t h e r  d u r in g  o r  a f t e r  c h i l l i n g  d id  n o t  p r e v e n t  

g e r m in a t io n ,  even a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  u s e d ,  though  g e r m in a t io n  

p e r c e n ta g e  can  b e  re d u c e d  by t h e s e  s u b s t a n c e s .  The p e r c e n ta g e  g e rm in a t io n  

f o r  ac h en e s  g e rm in a te d  i n  d i f f e r e n t  g row th  r e t a r d a n t s  a f t e r  c h i l l i n g  la y

be tw een  63 t o  70 p e r c e n t ,  and f o r  th o se  c h i l l e d  in  grow th r e t a r d a n t s ,  i t  was 

be tw een  33-54 p e r c e n t ,  w h i l e  t h e  c o n t r o l  gave 67 p e r c e n t  a f t e r  12 weeks o f  

c h i l l i n g .  These r e s u l t s  do n o t  s u p p o r t  t h e  h y p o th e s i s  t h a t  c h i l l i n g  t e r m i n a t e s
'

dormancy by a c t i n g  t o  cause  an  i n c r e a s e  i n  t h e  l e v e l  o f  p ro m o t iv e  hormones 

(GA) o r  to  i n c r e a s e  th e  c a p a c i t y  f o r  t h e i r  p r o d u c t i o n  a t  e l e v a t e d  t e m p e r a tu r e .  

However, i t  i s  s t i l l  p o s s i b l e  t h a t  e n d o g e n o u s - f re e  g i b b e r e l l i n  c o n te n t  i n c r e a s e s  

by h y d r o ly s i s  o f  t h e  c o n ju g a t e  fo rm s, b e c a u s e  t h e s e  forms a r e  n o t  s u s c e p t i b l e  

to  t h e  a c t i o n  o f  g ro w th  r e t a r d a n t s ,  a l t h o u g h  i n  a f t e r - r i p e n e d  w i ld  o a t s
■■

(Avena f a t u a  L . ) ,  c o n ju g a t e  forms a r e  n o t  an im p o r ta n t  s o u rc e  o f  b i o l o g i c a l l y  

a c t i v e  GAs d u r in g  g e rm in a t io n  (M etzger ,  1983).
.
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..I
C athey (1964) h a s  o b s e rv e d  t h a t  g row th  r e t a r d a n t s  a p p a r e n t l y  do n o t

:
p r e v e n t  g e r m in a t io n  b u t  w e re  o n ly  o p e r a t i v e  when g row th  was s t a r t e d  by l i g h t

,;;ÇÏ
o r  g i b b e r e l l i n .  AMO 1618 was r e p o r t e d  t o  r e t a r d  t h e  g e r m in a t io n  o f  l i g h t -  

p ro m o ted  s e e d s  o f  Lepidium v i r g i n i e um, a l th o u g h  i t  d id  n o t  i n f l u e n c e  th e  

dormancy o f  n on -p rom oted  seeds  (C a they  and  S t u a r t ,  1 9 6 1 ) .  However, W it tw er
■Î

and T o l b e r t  (1960) o b se rv e d  t h a t  CCC i n h i b i t e d  th e  p e r c e n ta g e  g e r m in a t io n  o f  

l e t t u c e  s e e d  and a l s o  a n ta g o n i s e d  t h e  s t i m u l a t i o n  o f  g e r m in a t io n  by b o th  r e d  :M

1 i g h t  and g i b b e r e l l i n .  M etzger  (1983) r e p o r t e d  i n h i b i t i o n  o f  GA b i o s y n t h e s i s
I

w i th  CCC i n  non-dorm ant ( a f t e r  - r i p e n e d )  w i ld  o a t s  (Av en a f a t u a  L.) s e e d s  !p
;l

w i t h o u t  s u b s e q u e n t  p r e v e n t io n  o f  g e r m i n a t io n .  He w ent f u r t h e r  to  d e m o n s t ra te
-y

t h a t  w i ld  o a t  p l a n t s  f e d  w i t h  CCC p ro d u ce d  v i a b l e  s e e d s  w hich  l a c k e d  a d e t e c t a b l e
■

G A -like  s u b s t a n c e ,  b u t  a f t e r - r i p e n e d  a t  a s lo w e r  r a t e  t h a n  t h e  u n t r e a t e d .

B e r r i e  and R o b e r ts o n  (1973) n o t e d  s t a t i s t i c a l  i n t e r a c t i o n  be tw een  e x o genously
. 1

a p p l i e d  GA  ̂ and B995 in  l e t t u c e  s e e d s .  They a rgued  t h a t  t h e  i n t e r a c t i o n  S-
'■■'p

c a n n o t  be  i n t e r p r e t e d  a s  m eaning  t h a t  c o m p e t i t io n  f o r  th e  s i t e  o f  a c t i o n  o f
"Ï

GA„ e x i s t s ,  s i n c e  such  i n t e r a c t i o n  was a l s o  o b s e rv e d  f o r  k i n e t i n .

The a c t i o n s  o f  g row th  r e t a r d a n t s  have  a l s o  been  d e m o n s t ra te d  i n  o t h e r

p a r t s  o f  t h e  p l a n t s .  Cathey and  S t u a r t  (1961) enum erated  the  e f f e c t s  o f

AMO 1618 and CCC on grow th r e s p o n s e s  o f  s e v e r a l  s p e c i e s  o f  p l a n t s  i n  te rm s  o f

r e d u c t i o n  o f  i n t e r n o d e  l e n g t h  an d  p r o d u c t i o n  o f  d a rk  g re e n  l e a v e s ,  and a l s o

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

i n  s t i m u l a t i o n  o f  s tem  l e n g t h ,  an . in c r e a s e  i n  number o f  f lo w e r s  p e r  s p i k e ,  and  

a  s l i g h t  advancem ent o f  a n t h e s i s  d a t e  (Halevy and S h i l o ,  1 9 7 0 ) .
'

An o v e r a l l  p i c t u r e  m igh t  s u g g e s t  t h a t  even though grow th  r e t a r d a n t s  i n h i b i t  f

GA b i o s y n t h e s i s ,  t h e  in v o lv e m e n t  o f  g i b b e r e l l i n  a p p a r e n t l y  a p p e a rs  n o t  to  be

Ï
"i

a n e c e s s a ry  p r e r e q u i s i t e  f o r  s u c c e s s f u l  g e r m in a t io n ,  a t  l e a s t  in  P. p e r s i c a r i a . f

With r e g a r d  to  ABA, o u r  r e s u l t s  d e m o n s t ra te  t h a t  r a d i c l e  e lo n g a t io n  and 

n o t  g e r m in a t io n  i s  a f f e c t e d  by e x o g e n o u s ly  a p p l i e d  ABA. The r e s u l t s  o f  

K arssen  (1982) n o te d  in  page 163 s u p p o r t  t h e  view t h a t  th e  f a l l  in  ABA l e v e l s  

d u r in g  s t r a t i f i c a t i o n  i s  n o t  p r i m a r i l y  r e s p o n s i b l e  f o r  t e r m in a t i n g  dormancy in

I
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p .  p e r s i c a r i a .

C o n s e q u e n t ly ,  i t  seems p l a u s i b l e  t o  s u g g e s t  t h a t  dormancy r e l e a s e  in  

P . p e r s i c a r i a  i s  n o t  c o r r e l a t e d  w i t h  any changes i n  g row th  p ro m o te rs  o r  

i n h i b i t o r s .



Table 7 .1 . The e f f e c t s  o f  exogenously a p p l ie d  hormones on th e  g e rm in a t io n
o f  u n c h i l l e d  achenes a t  35°C e i t h e r  in  th e  dark or l i g h t .

G erm ination sco red  a f t e r  14 days .

P e r c e n ta g e  G e rm in a t io n  

Dark G e rm in a t io n  L ig h t  G e rm in a t io n

T re a tm e n ts t R e p l i c a t e s Mean R e p l i c a t e s Mean

Water ( C o n t ro l ) 23 19 2 1 2 1 55 53 46 51 .33

ImM GAg 24 19 24 22 .33 47 56 55 52 .66

ImM 23 19 16 19 .33 55 51 59 55

O.lmM K i n e t i n 40 45 38 41 70 71 65 6 8 . 6 6

ImM GA„ + O.lmM K in e t in  3 54 50 54 52 .66 72 74 71 72 .3 3

ImM GA. _ + O.lmM K in e t in4+ / 53 51 44 49 .33 91 69 77 79

177

1 0 0  a chenes  p e r  r e p l i c a t e

A n a ly s is  o f  R e s u l t s  : x (C h i - s q u a re d )  t e s t

7 .1 a .

S e r i a l  
No.

Dark G e rm in a t io n

Source X
S i g n i f i c a n t

l e v e l

1  W ater vs ImM GA.

2 W ater vs ImM GA. _4+ /

3 W ater  vs O.lmM K in e t in

4 O.lmM K in e t in  vs  ImM GA  ̂ + O.lmM K in e t in

5 O.lmM K in e t in  vs ImM GA + O.lmM K in e t in4+ /

0,0883798 p > 0 .0 5

0 .165634  p > 0 .0 5

27.1233  p < 0 .001

7.73771 p < 0 .0 1

3 .87622 0 .05> p> 0.01

N,S

N.S

_L__
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7 .1b
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L ig h t  G e rm in a t io n s

S o u rce 2

X P
S i g n i f i c a n t

l e v e l

W ater vs  luM GA^ 0.0600962 P > 0 .0 5 N.S.

W ater v s  ImM GA. _ 
4+ /

0 .669352 P > 0 .0 5 N.S.

W ater v s  O.lmM K i n e t i n 18.0625 P < 0 . 0 0 1

O.lmM K i n e t i n  vS ImM GA  ̂ + O.lmM K in e t in 0 .801379 P > 0 .0 5 N.S.

O.lmM K i n e t i n  vs ImM GA. _ + O.lmM K i n e t i n
4+7

7.76409 P < 0 . 0 1
**

7 .1 c

Dark vs L ig h t  G e rm in a t io n
2Source  X p

S i g n i f i c a n t
l e v e l

W ater 58.476 P < 0 . 0 0 1
***

ImM GA 5 7 .6 P < 0 . 0 0 1 ***

ImM 80.1894 P < 0 . 0 0 1 * * *

0 . ImM K i n e t i n 45.2495 P < 0 . 0 0 1
***

ImM GA^ + O.lmM K i n e t i n 23.9218 P < 0 . 0 0 1 * * *

ImM GA^^y + O.lmM K i n e t i n 56.1329 P < 0 . 0 0 1
* * *
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Table 7 , 2 . The mean p ercen tage  germ ination  o f  u n c h i l l e d  achenes t r e a t e d  ,

w ith  exogenously  a p p l ie d  hormones or  i r r a d ia t e d  w ith  Red (R) l i g h t

and germ inated at 35°C in  th e  dark . Germination scored  a f t e r  14 days.

IP e r c e n t a g e  G e rm in a t io n

T rea tm en t R e p l i c a t e s Mean

W ater ( C o n t ro l ) 14 16 18 16

ImM GAg 9 1 2 17 1 2 . 6 6

O.lmM K i n e t i n 49 47 41 45.66

ImM GA  ̂ + O.lmM K in e t in 34 41 43 3 9 .3 3

30 m in u te s  Red l i g h t  (R) 34 28 31 31

30 m in u te s  R + In #  GA^ 44 35 34 37.66

30 m in u te s  R + O.lmM K i n e t i n 61 54 54 56 .33

30 m in u te s  R + ImM GA  ̂ + O.lmM K i n e t i n 60 56 63 5 9 . 6 6

i

Each r e p l i c a t e  c o n s i s t s  o f  100 a c h en e s

A n a ly s is  o f  R e s u l t s  : X ( C h i - s q u a re d )  t e s t

S e r i a l  
No. S o u rce

S i g n i f i c a n t
l e v e l

1 W ater vs GA^ 1.09945 P > 0 .0 5 N.S

2 W ater vs  K in e t in 60 .5197 P < 0 . 0 0 1 ** *

3 K in e t in  vs  GA  ̂ + K in e t in 2 .20972 P > 0 .05 N.S

4 W ater vs R 17.9484 P < 0 . 0 0 1 *  **

5 R vs GAg 28 .477 P < 0 . 0 0 1 ** *

6 R vs K in e t in 13.0364 P < 0 . 0 0 1 * * *

7 GA  ̂ vs  R + GAg 48.4609 P < 0 . 0 0 1 * * *

8 R vs R + GAg 2.66867 P > 0.05 N.S

9 R vs  R + K in e t in 38.1115 P < 0 . 0 0 1 ** *

1 0 K in e t in  vs R + K in e t in 6 .40923 0 ,,05>p>0.01 *

1 1 GA  ̂ + K in e t in  vs R + GA^ + K in e t in 24.0024 P < 0 . 0 0 1 * *  ■vt

1 2 R +  GA  ̂ vs R +  GAg +  K in e t in 28.1867 P < 0 . 0 0 1 A *  *

13 R +  K in e t in  vs R +  GA  ̂ +  K in e t in 0 .554187 P > 0 .0  5 N.S
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Table 7 . 3 . The p e rc e n ta g e  g e rm in a t io n  o f  achenes p u n c tu re d  and germ inated

i n  exogenously a p p l ie d  GÂ  o r  K ine tin  and germ ina ted  a t  20°C

o r  35*0 in  th e  dark o r  l i g h t .  G ermination coun ted  a f t e r  14 d ay s .

A. P e r c e n ta g e  G e rm in a t io n  a t  20®C in  t h e  da rk

Dark G e rm in a t io n L ig h t  G e rm in a t io n

No. T rea tm en t t R e p l i c a t e s Mean R e p l i c a t e s Mean

1 (Whole) I n t a c t  + W ater (N^O) 0 0 0  0 0 0 0 0  0 0

2 P u n c tu re d  + Water 0 0 0  0 0 0 0 0  0 0

3 I n t a c t  + ImM GA^ 0 0 0  0 0 0 0 0  0 0  ■ .

4 P u n c tu re d  + ImM GA^ 4 4 1 0  8 6 .5 6 6 1 0  8 7 .5

5 I n t a c t  + O.lmM K in e t in 0 0 0  0 0 8 6 1 2  1 0 9

6  P u n c tu re d  + O.lmM K in e t in 0 0 0  2 0 .5 1 0 8 8  8 8 .5

B. P e r c e n ta g e  G e rm in a t io n a t 35*C i n  th e  da rk

Dark G e rm in a t io n L ig h t  G e rm in a t io n  i

No. T rea tm en t TR e p l i c a t e s Mean R e p l i c a t e s Mean

1 (Whole) I n t a c t  + W ater (HgO) 36 30 42 23 32 .75 50 56 52 75 58. 25

2 P u n c tu re d  + W ater (H^O) 70 65 65 64 6 6 69 62 69 65 66 .2 5

3 I n t a c t  + ImM GA^ 37 33 46 37 38. 25 70 71 60 67

4 P u n c tu re d  + ImM GA^ 70 75 67 69 70 .25 *48 46 34 4 2 .6 6

5 I n t a c t  + O.lmM K in e t in 58 69 60 81 67 73 77 85 78 t

6  P u n c tu re d  + O.lmM K i n e t i n 71 60 72 78 70 .25 *36 46 41 - 41 '

*1* til
Those r e p l i c a t e d  4 t im e s  c o n s i s t  o f  50 ach en es  p e r  r e p l i c a t e  i n  2ml o f  
d i s t i l l e d  w a te r  o r  a p p r o p r i a t e  s o l u t i o n ,  w h i le  t h o s e  r e p l i c a t e d  3 t im e s  
c o n s i s t  o f  1 0 0  achenes  p e r  r e p l i c a t e  i n  1 0 ml o f  d i s t i l l e d  w a te r  o r  s o l u t i o n .

* A f f e c t e d  by  fungus  d u r in g  th e  c o u rs e o f e x p e r im e n t .

2

A n a ly s i s  o f  R e s u l t s  : x (C h i - s q u a re d ) T e s t .  G e rm in a t io n  a t 35^ C (d a rk )

S e r i a l
No. Source

-............................P
S i g n i f i c a n t

l e v e l  1

I n t a c t  Achenes .‘W ater vs GA^

I n t a c t  A chenes : W ater vs K in e t in  

I n t a c t  Achenes:GA^ vs K in e t in  

P u n c tu re d  A chenes : W ater vs GA  ̂

P u n c tu re d  Achenes rWater vs K in e t in  

P u n c tu re d  Achenes:GAg ys K in e t in

2.40747

92 .4806

65.1596

1.47365

1.47365

p > 0 .05

p < 0 . 0 0 1  

p < 0 . 0 0 1

p > 0 .0 5  

p > 0 .0 5

0 .00598104 p > 0 .0 5

N.S
** *

* * *

N.S

N.S

N.S
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FIGURE 7.3B
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Table 7 . 4 . The mean p e rce n tag e  g e rm in a t io n  o f  achenes s t r a t i f i e d  a t  4°C

i n  GÂ  and germ inated  in  w a te r  a t  20®C i n  the d a rk .
G erm ination  sc o re d  a f t e r  14 d a y s .

A. No I r r a d i a t i o n  

P e r c e n ta g e  G e rm in a t io n s

Exposure  P e r io d  
a t  4°C i n  weeks W ater (0)

C o n c e n t r a t i o n s  o f  

0 .OlmM
“ 3

0 .ImM ImM

2 + 8 23 20 20

4 16 .5 21 15 27

6 43 47 53 .5 51

12 56 .5 62 54 63

15 6 6 .5 71 .5 66 72 .5

B. 30 m in u te s R I r r a d i a t i o n  a f t e r S t r a  t i  f i  c a t  ion

Exposure  P e r io d  
a t  4°C i n  weeks W ater

P e r c e n ta g e  G e rm in a t io n  

C o n c e n t r a t i o n s  o f  GA^

0 .OlmM 0 .ImM ImM

2 ^1 2 .5 25 29 36

4 26 35 33 50

6 56 60 61 61 .5

12 64 7 5 .5 7 9 .5 72 .5

15 75 75 7 2 .5 85

C. 30 m in u te s FR I r r a d i a t i o n  a f t e r  S t r a t i f i c a t i o n

Exposure  P e r io d  
a t  4°C i n  weeks W ater

P e r c e n ta g e  G e rm in a t io n  

C o n c e n t r a t io n s  o f  GA^

0 .OlmM O.lmM ImM

2 ’**18 25 2 3 .5 21

4 30 3 0 .5 30 38

6 40 45 52 .5 50

12 65 68 .5 67 65

15 7 7 .5 62 68 72

. o f  two r e p l i c a t e s . w i th  100 ach en es  p e r  r e p l i c a t e .
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Table 7 . 4 .

A n a ly s is  o f  R e s u l t s  : 3 F a c to r  V a r ia n c e  

A, B 5  C.

Source
D egree o f  

Freedom
Sum o f  
S quare

Mean
Square

S i g n i f i c a n t  
F 1 eve l

R e p l i c a t e s 1 1.01563 1.01563 0 .20046 N.S.

Exposure  Time a t 4°C in  weeks (A) 4 17298.3 4324 .57 853 .566 ** *

GA^ C o n c e n t r a t i o n s  (B) 3 481 .656 160.552 31.6891 ***

L ig h t  T re a tm e n ts (C) 2 1046.59 523.297 103.286 * **

A X B 1 2 424.828 35 .4023 6.98757 * **

B X C 6 178.313 29 .7188 5.86577 ***

A X C 8 245.453 50 .6816 6 .0 5 5 8 2 ***

A X B X C 24 231.625 9 .65104 1 .9 0 4 8 8 *

E r r o r 59 298.922 5.06647

T o ta l 119 20206.7

■ 2 :2 2 2 . : ■■"à'Cïiioî'îf';'
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FIGURE 7 .4
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Table 7 .5 .  The mean p e rc e n ta g e  g e rm in a t io n  o f  achenes s t r a t i f i e d  a t  4®C

i n  w ate r  and germ inated  in  GÂ  a t  20*C i n  th e  d a rk .
G erm ination  reco rd ed  a f t e r  14 days.

Exposure  P e r io d  
a t  4°C i n  weeks

P e r c e n ta g e  G e rm in a t io n  

C o n c e n t r a t i o n s  o f  GA 

W ater (0)_____  0. OlmM
5

0 .  ImM ImM

2 + 8 24 24 .5 1 9 .0

4 1 6 .5 3 7 .5 32 .0 3 9 .5

6 43 5 0 .5 5 5 .5 56 .0

1 2 56 .5 7 8 .5 7 6 .0 7 8 .0

15 6 6 .5 76 7 7 .0 8 1 .5

2 0 69 63 7 4 .0 7 9 .0

TMean o f  two r e p l i c a t e s ,  w i th  100 a c h en e s  p e r  r e p l i c a t e ,

A n a ly s i s  o f  R e s u l t s  : 2 F a c to r  V a r ia n c e  

Source  ( 7 .5 )  _____________
Degree o f  

Freedom
Sum o f  
Square

Mean
S q u a re

S i g n i f i c a n t
l e v e l

R e p l i c a t e s  1

Exposure  P e r io d  a t  4°C i n  weeks (A) 5

GA^ C o n c e n t r a t i o n s  (B) 3

A X B 15

E r r o r  23

T o t a l  47

6.82031 6.82031 1 .33424

769 ,438  153 .888  30 .1046

8683.23 2894.41 566 .226

777.391 51 .826  10 .1386

1 1 7 .5 7  5 .11175

10354 ,4

N.S 
* * *

* * *

* **

Com parison be tw een  s t r a t i f i c a t i o n  i n  w a te r  (H^O) and s t r a t i f i c a t i o n  i n  GA^ a t  4°C
T a b les  7 .5  vs 7.4A

R e p l i c a t e s

E xposure  P e r io d  a t  4®C i n  weeks (A) 

GAg C o n c e n t r a t i o n s  (B)

A X B 

E r r o r  

T o ta l

1 1 .1 8 7 5  1.1875
4 478 .539  119.635

5 8777.3  1775 .46

20 1399.31

29 125.883

59 10782.2

0.273568 
27.5606 

404.411 

69 .9656  16.1182

4.34679

N.S 
** *

***
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FIGURE 7 . SB
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FIGURE 7.5D
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Table 7 . 6 . The mean p e rc e n ta g e  g e rm in a t io n  o f  achenes s t r a t i f i e d  a t  4°C
i n  w a te r ,  t r a n s f e r r e d  to  growth r e t a r d a n t s  and germ inated  a t

20*C in  th e  dark . G erm ina tion  count reco rd ed  a f t e r  14 days.

195

A. P e rc e n ta g e  G e rm in a t io n

E xposure  P e r io d
^W ater (0)

C o n c e n t r a t i o n s  o f  B99S

a t  4°C i n  weeks 0.0625mM 0.625mM 6.25mM

4 13.5 28 24 24

9 6 4 .5 4 4 .5 54 .5 50 .5

1 2 6 7 .5 69 .5 66 .5 65

B. P e r c e n ta g e G e rm in a t io n

E^qposure P e r io d
^W ater ( 0 )

C o n c e n t r a t i o n s  o f  CGC

a t  4°C i n  weeks 0.0633mM 0 . 633mM 6.33mM

4 1 3 .5 2 2 19 2 2

9 6 4 .5 60 .5 6 3 .5 37

1 2 6 7 ,5 65 6 3 .5 69 .5

C. P e r c e n ta g e G e rm in a t io n

Exposure  P e r io d
^W ater (0 )

C o n c e n t r a t i o n s  o f  AM01618

a t  4 °C i n  weeks 0.0279mM 0 . 279mM 2.79mM

4 1 3 .5 2 0 26 .5 19

9 6 4 .5 62 .5 6 6 54 .5

1 2 6 7 .5 6 6 67 63

D. P e r c e n ta g e G e rm in a t io n

E j^ o s u r e  P e r io d
^W ater (0)

C o n c e n t r a t io n s o f  Ancymidol

a t  4°C i n  weeks O.OOlmM O.OlmM

4 13 .5 2 2 21 .5

9 6 4 .5 57 .5 51

1 2 67 .5 71 .5 52 .5

Mean o f  two r e p l i c a t e s ,  w ith  100 achenes p e r  r e p l i c a t e .
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Tab le  7.6

A n a ly s is  o f  R e s u l t s  : 2 F a c to r  V a r ian c e ,

A.
Sourc e

S t r a t i f i c a t i o n  in  Water and G erm ination  in  B995
D egree  o f  Sum o f  Mean S i g n i f i c a n t

_____________  Freedom S q u a re  S quare  F__________  Level

R e p l i c a t e s  1

Exposure  P e r io d  a t  4 C (wks) 2

B995 C o n c e n t r a t io n s  3

E r ro r  17

T o ta l  23

7 .3 7 5  7 .375  2 .73335

261 .684  130.842 3 .8369

2531.63  8 4 3 .875  24.7466

579.7107 34 .1006

3380.39

B. S t r a t i f i c a t i o n  i n  W ater and  G e rm in a t io n  i n  CCC

N.S.
*

* * *

R e p l i c a t e s  1

Exposure  P e r io d  a t  4 C (wks) 2

CCC C o n c e n t r a t i o n s  3

E r r o r  17

T o ta l  23

6.10938 6 .10938 0 .678017

269 .207  134 .604  2.1711

2892 .65  964 .218  15 .5528

1053.9372 61 .9963

4221 .91

C. S t r a t i f i c a t i o n  i n  W ater and G e rm in a t io n  i n  AMO 1618

N.S,

N.S.
***

R e p l i c a t e s  1

E3Ç)osure P e r io d  a t  4 C (wks) 2

AM01618 C o n c e n t r a t i o n s  3

E r ro r  17

T o ta l  23

0,144531 0 .144531 0 .019604

337 .375  168.688 3.1834

2883.19 961 .063  18.1369

900 .8167  52.9892

4121 .52

D. S t r a t i f i c a t i o n  i n  W ater and G e rm in a t io n  i n  Ancymidol

N.S, 

N.S, 
* **

R e p l i c a t e s  1

Exposure  P e r io d  a t  4 C (wks) 2

Ancymidol C o n c e n t ra t io n s  2

E r ro r  12

T o ta l  17

23.8086 23.8086 4 .45053

82.0859 41 .043  2 .2842

2659.85  1329.92 74 .0172

215.6129 17 .9677

2981.36

N.S,

N.S,
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T a b le  7 . 7 .  The mean p e r c e n ta g e  g e r m in a t io n  o f  achenes  s t r a t i f i e d a t  4°C
i n  g ro w th  r e t a r d a n t s  a n d  g e rm in a te d  i n w a te r  (H-O) a t 20*C i n
th e d a r k . G e rm in a t io n  co u n te d  a f t e r  14 d a y s .

A. P e r c e n ta g e G e rm in a t io n

E xposure  P e r io d t
C o n c e n t r a t io n s  o f  B995

a t  4®C i n  weeks W ater (0) 0.0625mM 0.625mM 6.25mM

4 13 .5 15 .5 1 2 1 1

9 6 4 .5 51 .5 4 8 .5 47

1 2 6 7 .5 54 50 51

B. P e rc e n ta g e G e rm in a t io n

E xposure  P e r io d
^W ater ( 0 )

C o n c e n t r a t i o n s  o f  CCC

a t  4°C i n  weeks 0.0633mM 0.633mM 6.33mM

4 13 .5 16 1 4 .5 19

9 6 4 .5 49 2 5 .5 3 5 .5

1 2 6 7 .5 48 .5 44 4 4 .5

C. P e r c e n ta g e G e rm in a t io n

Exposure  P e r io d C o n c e n t r a t i o n s  o f  AMO1618

a t  4°C i n  weeks W ater  (0) 0 .0279mM 0 . 279mM 2.79mM

4 13.5 17 19 14

9 6 4 .5 46 48 36

1 2 6 7 .5 35 33 .5 38

D . P e r c e n ta g e G e rm in a t io n

E xposure  P e r io d +
C o n c e n t r a t i o n s  o f  Ancymidol

a t  4 ‘*C i n  weeks W ater (0) 0 .OOlmM 0 .OlmM

4 13 .5 2 0 2 0

9 6 4 .5 55.5 42 .5

1 2 6 7 .5 52 38

Mean of two r e p l i c a t e s ,  w ith  100 achenes per  r e p l i c a t e .
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Table 7 . 7 .

A n a ly s is  o f  R esu lts  : 2 F a c to r  V ariance

A, S t r a t i f i c a t i o n  i n  B995 and G e rm in a t io n  in  W ater

Source
Degree  o f  Sum o f  Mean 

Freedom S qua re  Square F
S i g n i f i c a n t

l e v e l

R e p l i c a t e s 1 9 .13281 9 .13281 1 .70555 N.S.

E xposure  P e r io d  a t  4°C (wks) 2 371 .82  185.91 2 .72 N.S.

B995 C o n c e n t r a t io n s 3 2528.39 842 .796 12. 34 ** *

E r r o r 17 1160.2223  68 .2483

T o ta l 23 4069 .56

B. S t r a t i f i c a t i o n i n  CCC and  G erm in a tio n  i n  Water

R e p l i c a t e s 1 0 .181641 0 .181641 0 .024418 N.S.

E xposure  P e r io d  a t  4°C (wks) 2 449.346  224.673 3 .4068 N.S.

CCC C o n c e n t r a t i o n s 3 1674.39 558.131 8 .4 6 **

E r ro r 17 1121.1062 65 .9474

T o ta l 23 3 245 .02

C. S t r a t i f i c a t i o n i n  AM01618 and  G e rm in a t io n  i n W ater

R e p l i c a t e s 1 0 .636719 0 .636719 0 .125175 N.S.

E xposure  P e r io d  a t  4 ^C (wks) 2 381 .016  190 .508 3 .0 3 N.S .

AM01618 C o n c e n t r a t i o n s 3 1469.08  489 .693 7 .788 **

E r ro r 17 1068.8031 62 .8707

T o ta l 23 2919 .53

D. S t r a t i f i c a t i o n  i n  Ancymidol and G e rm in a t io n  i n W ater

R e p l i c a t e s

E xposure  P e r io d  a t  4®C (wks) 

Ancymidol C o n c e n t r a t io n s  

E r ro r  

T o ta l

1 7 .74023 7 .74023 1.60048

2 211.082 105.541 3 .95

2 1951.94  9 7 5 .97  36 .58

12 320.1605 26 .68

17 2490.92

N.S
*

** *
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Table 7 . 8 . The mean p e rc e n ta g e  g e rm in a t io n  o f  achenes s t r a t i f i e d
a t  4°C i n  ImM ABA f o r  8 weeks and germ inated  a t  20*C i n  th e  d a rk .

Germ ination sc o re d  a f t e r  14 d ay s .

S e r i a l  
No. T re a tm e n ts

P e r c e n ta g e
R e p l i c a t e s

G e rm in a t io n  
Mean I

•y

Î

A S t r a t i f i c a t i o n i n W a te r /G e rm in a t io n  i n  W ater 77 65 71

B S t r a t i f i c a t i o n i n ABA/Germi n a t i o n in Wat er 67 67 67

C S t r a t i f i c a t i o n i n ABA/Germ ination i n ImM GAg 71 70 70 .5

D S t r a t i f i c a t i o n i n ABA/G ermi n a t i o n i n O.lmM . 
K in e t in

71 71 71

E S t r a t i f i c a t i o n in ABA/Germ ination i n
1 0

W ater + 
m in s . R

75 8 6 80 .5

F S t r a t i f i c a t i o n in ABA/Germination i n imM ABA 58 60 59

R e p l i c a t e  c o n s i s t s  o f  100 ac h en e s  p e r  p e t r i  d i s h .

F T re a tm e n t  : Growth o f  r a d i c l e s  r e t a r d e d

2A n a ly s i s  o f  R e s u l t s  : x ( C h i - s q u a re d )  T e s t

Source x ' P S i g n i f i c a n t  l e v e l *
■y
a

A vs  B 0.572698 P > 0 .05 N.S.

B vs C 0.418909 P > 0 .0 5 N .S . 1
B vs  D 0.57269 P > 0 .0 5 N.S. 1

a
B vs  E 8.72963 P < 0 . 0 1

** %y

B vs F 2 .41313 P > 0 .0 5 N.S.

I
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T ab le  7 . 9 . The mean p e r c e n ta g e  g e r m in a t io n  o f  achenes  s t r a t i f i e d  a t  4°C 

f o r  24 weeks i n  w a te r  and exposed  to  ImM ABA f o r  d i f f e r e n t  

d u r a t i o n s ,  t h e n  t r a n s f e r r e d  to  w a te r  and  g e rm in a te d  a t  20*C 

i n  t h e  d a r k .  G e rm in a t io n  c o u n te d  a f t e r  14 d a y s .

S e r i a l  
No, T re a tm e n ts

P e rc e n ta g e  
R e p l i c a t e s

G e rm in a t io n
Mean

A G e rm in a te d  c o n t in u o u s ly  i n  W ater 98 1 0 0 99

B G erm ina ted  c o n t i n u o u s ly  i n  ABA 6 8 56 62

C 24h i n  ABA T r a n s f e r r e d  to  W ater 1 0 0 92 96

D 48h i n  ABA T r a n s f e r r e d  t o  W ater 80 85 8 2 .5

E 24h i n  ABA -5- T r a n s f e r r e d  to  W ater  + lOmins R 8 8 85 94

F 48h i n  ABA T r a n s f e r r e d  to  W ate r  + lOmins R 1 0 0 84 92

t R e p l i c a t e  c o n s i s t s  o f  100 ach en es  p e r  p e t r i  d ish  

D = Dark G e rm in a t io n

A n a ly s i s  o f  R e s u l t s  : y (C h i- s q u a re d )  T e s t

S ou rce x ' P S i g n i f i c a n

A vs  B 84.8702 P < 0 . 0 0 1
* **

A vs C 2.5641 P > 0 .0 5 N .S .

A vs D 30 .4 9 6 6 P < 0 , 0 0 1
***

A vs E 5 .99556 0 .05>p>0.01 *

A vs  F 9 ,8313 P < 0 . 0 1
**
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CHAPTER 8

GENERAL DISCUSSION

U n c h i l l e d  Achenes : P h y s i c a l  and Chemica l  T rea tm en t s

I n t a c t  u n c h i l l e d  achenes  o f  Polygonum p e r s i c a r i a  p o s s e s s  an  i n n a t e

dormancy which  a p p e a r s  n o t  to  be  due to  t h e  im m a t u r i t y  o f  t h e  embryo b u t
■ fi

c o u ld  b e  a s s o c i a t e d  w i t h  t h e  p e r i c a r p .  The g e r m i n a t i o n  o f  i n t a c t  unc h i l l e d  i
î'î:"î

a c h e n e s  i s  a ro und  20 p e r c e n t  ( d ep e n d in g  on t h e  h a r v e s t )  a t  35°C i n  t h e  d a r k

and i s  improved i n  c o n t i n u o u s  l i g h t  a l m o s t  d o u b l in g  t o  a b o u t  40 p e r c e n t .  However

v i a b i l i t y ,  t e s t e d  by t é t r a z o l i u m  t r e a t m e n t ,  i n d i c a t e s  a  p o t e n t i a l  g e r m i n a t i o n  y'
1

of  80 p e r c e n t  o r  even  more.  " S u r g i c a l "  t r e a t m e n t s  such a s  removal  o f  an

ac hene  t i p ,  p u n c t u r i n g  o r  removal  o f  p e r i c a r p ,  r e s u l t  i n  s u b s t a n t i a l  g e r m i n a t i o n I
even  a t  20*C, a t  which  i n t a c t  achenes  do n o t  g e r m i n a t e .  I t  a p p e a r s  l i k e l y

t h a t  one  o f  t h e  ways ( i f  n o t  t h e  m a jo r  one)  t h rough  which t h e  p e r i c a r p  m a i n t a i n s  

dormancy i s  by a c t i n g  to  r e s t r a i n  t h e  growth  o f  t h e  embryo th ro u g h  m ec h a n ic a l  

means .  N o n e th e le s s  s e l e c t i v e  p e r m e a b i l i t y  t o  w a t e r  o r  g a s e s  i s  n o t  r u l e d  o u t .

The r e s u l t s  o b t a i n e d  w i t h  c e r t a i n  ch e m ica l s  shown p r e v i o u s l y  t o  enhance  

g e r m i n a t i o n  i n  o t h e r  s p e c i e s  do n o t  s u p p o r t  Hend r icks  and  T a y l o r s o n ' s  (1972)

3

3;

o r  R o b e r t s ’ (1973) h y p o t h e s e s .  The s t i m u l a t i o n  of  g e r m i n a t i o n  o b s e r v e d  by

t r e a t m e n t  w i t h  a rg u e s  more f o r  a  s c a r i f i c a t i o n  e f f e c t .  The view t h a t  ,

t h e  p e r i c a r p  c o n t a i n s  i n h i b i t o r  does  n o t  a p p e a r  l i k e l y ,  a l t h o u g h  t h e  r e s u l t s  

o b t a i n e d  cannot  a l low c o n c l u s i v e  a rgument  a g a i n s t  i t .

I
U n c h i l l e d  Achenes : T em pera tu re  and L i g h t  E f f e c t s

The r e s u l t s  p r e s e n t e d  i n  C h a p te r  4 d e m o n s t r a t e  t h a t  a p p r o x i m a t e l y  20 p e r c e n t

o f  t h e  p o p u l a t i o n  can g e r m i n a t e  a t  35°C i n  t h e  d a r k n e s s .  Another  s u b - p o p u l a t i o n #  

.c o n s i s t i n g  o f  a p p r o x i m a t e ly  a  f u r t h e r  2 0  p e r c e n t  can g e r m i n a t e  only  when ;£

i r r a d i a t e d  w i th  R o r  exposed  t o  w h i t e  l i g h t .  Th is  f r a c t i o n  was shown t o  be 

un d e r  phytochrome c o n t r o l  b e c a u s e  t h e  R p ro m o t io n  o f  g e r m i n a t i o n  o f  t h e s e
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achenes  was r e v e r s e d  by FR i r r a d i a t i o n .  P a r t  o f  t h e  r e m a in d e r  o f  t h e  

o r i g i n a l  p o p u l a t i o n ,  amoun ting t o  a b o u t  40 p e r c e n t  o f  t h e  t o t a l  c o u l d  e q u a l l y  

be  d i v i d e d  f u r t h e r  i n t o  two components ,  one r e s p o n d i n g  t o  a l t e r n a t i n g  

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

c o u p le d  w i t h  R o r  w h i t e  l i g h t  a t  t h e  u p p e r  t e m p e r a t u r e  p a r t  o f  t h e  c y c l e .

I f  a  sample  were s u b j e c t e d  t o  optimum g e r m i n a t i o n  c o n d i t i o n s  o f  15*C o r  20*C 

d a r k  f o r  8h/3S°C l i g h t  f o r  16h, t h e  p o t e n t i a l  g e r m i n a t i o n  e x p e c t e d  from 

v i a b i l i t y  t e s t  was r e a l i s e d .

From t h e  f o r e g o i n g  o b s e r v a t i o n s ,  t h e  e x i s t e n c e  o f  a t  l e a s t  4 p h y s i o l o g i c a l  

po ly m o rp h ic  t y p e s  i s  p o s t u l a t e d  w i t h i n  t h e  p o p u l a t i o n ,  nam e ly ,  s u b - p o p u l a t i o n s  

of

(1)  Dark component  g e r m i n a t i n g  a t  35*C i n  d a r k n e s s ,

(2 j  L i g h t  r e q u i r i n g  component g e r m i n a t i n g  a t  35 C i n  c o n t i n u o u s  l i g h t ,

(3 )  A l t e r n a t i n g  T e m p era tu re  da rk  component  g e r m i n a t i n g  a t  15°C o r  20®C ( 8 h) 

D a r k n e s s / 35°C (16h)  D a r k n e s s ,  and

(4)  A l t e r n a t i n g  Tem pera tu re  + ( p l u s )  l i g h t  r e q u i r i n g  component o f  15°C o r  

20*C ( 8 h) Darkness /35°C  (16h) L i g h t .

An h y p o t h e s i s  r e g a r d i n g  t h e  r o l e  o f  phytochrome i n  t h e  g e r m i n a t i o n  of  

Polygonum p e r s i c a r i a  must  t a k e  a c c o u n t  o f  t h e  s u b - p o p u l a t i o n s  which  have  been  

r e c o g n i s e d .  The f o l l o w i n g  s p e c u l a t i o n s  w ere  t a k e n  i n t o  c o n s i d e r a t i o n  i n  

t r y i n g  t o  e x p l a i n  t h e  mechanism o f  g e r m i n a t i o n  th ro u g h  phytochrome a c t i o n ,

(1)  A l e g a c y  o f  P f r  a t  m a t u r i t y  ( T a y l o r s o n ,  1982) .

(2) P f r  r e t a i n e d  i n  d ry  s e e d s  ( B e r r i e  e ^  , 1974; Hsiao and  V i d a v e r ,  1971) .

(3)  G e rm in a t io n  only  p o s s i b l e  a t  3 5 °C and w i t h  s u f f i c i e n t .  P f r  f o r  a  g iv e n  

t im e  o f  i m b i b i t i o n  ( T a y lo r s o n  and H e n d r ic k s ,  1971) .

(4)  P f r  d e s t r o y e d  more r a p i d l y  a t  35°C t h a n  20®C ( T a y lo r s o n  and H e n d r ic k s ,  

1969) .

I n  t h e  c a s e  o f  t h e  d a r k  g e r m i n a t i o n ,  i t  i s  s u g g e s t e d  t h a t  t h e r e  i s  

s u f f i c i e n t  P f r  p r e s e n t  a t  m a t u r i t y  t o  a l l o w  g e r m i n a t i o n .  Tha t  phytochrome 

can  p e r s i s t  in  s eeds  o f  l e t t u c e  ( L a c tu c a  s a t i v a  L. (Grand R a p id s )  t h a t  have 

undergone  h y d r a t i o n - d e h y d r a t i o n  phenomenon was r e p o r t e d  by B e r r i e  e t  a l .
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( 1 974 ) ,  and  Hsiao  and V id a v e r  ( 1 971 ) .  T h i s  might  i n p l y  t h a t  P f r  was f i x e d  

i n  t h i s  s u b - p o p u l a t i o n  d u r in g  s e e d  m a t u r a t i o n  and s u b s e q u e n t  d e h y d r a t i o n .

The s u b - p o p u l a t i o n  which  g e r m i n a t e s  a t  35®C b u t  r e q u i r e s  l i g h t  can be

c o n s i d e r e d  t o  have  s u f f i c i e n t  phy tochrome t o  g i v e  enough P f r  on i r r a d i a t i o n

to  p e r m i t  g e r m i n a t i o n  o r  i f  t h e r e  i s  i n s u f f i c i e n t  P t o  a l l o w  de novo
t o t  ------------

s y n t h e s i s  o f  phy tochrom e.  T a y lo r s o n  and Hendr icks  (1971) i n  Amaranthus 

r e t r o f l e x u s  r e p o r t e d  t h a t  s y n t h e s i s  o f  P f r  o c c u r s  a t  35®C and  n o t  a t  20°C. 

A l t e r n a t i v e l y ,  i t  c o u ld  be a rg u e d  t h a t  f u l l  r e a l i s a t i o n  o f  g e r m i n a t i o n  p o t e n t i a l  

was n o t  a c h ie v e d  a t  35®C i n  t h e  l i g h t  b e c a u s e  r a p i d  t h e rm a l  r e v e r s i o n  o f  P f r  

t o  P r  o c c u r s  and n u l l i f i e s  t h e  a c t i o n  even  o f  h i g h  l e v e l s  o f  P f r  p roduced  i n  

t h e  i l l u m i n a t e d  a c h en e s  b e f o r e  t h e i r  e f f e c t  co u ld  be e x p r e s s e d  as h a s  been  

s u g g e s t e d  by Gumming (1963)  i n  Chenopodium b o t r y s . The re  i s  a  p o s s i b i l i t y  

t h a t  s u p r a o p t im a l  amounts  o f  P f r  a r e  formed i n  c o n t i n u o u s  l i g h t  l e a d i n g  to  a 

r e d u c t i o n  i n  g e r m i n a t i o n ;  t h i s  was s p e c u l a t e d  by Gumming ( 1 963 ) .  Whether 

t h i s  i s  a p p l i c a b l e  to  P .  p e r s i c a r i a  i s  n o t  known b e c a u s e  g e r m i n a t i o n  i n  

c o n t i n u o u s  l i g h t  r e s u l t e d  o n l y  i n  abou t  40 p e r c e n t  g e r m i n a t i o n .

The f i n a l  s u b - p o p u l a t i o n  which r e q u i r e s  a l t e r n a t i n g  t e m p e r a t u r e  + l i g h t ,  

p r o b a b l y  r e q u i r e s  t h a t  t h e r e  be  ^  novo s y n t h e s i s  o f  phy tochrom e a t  35®C i n  

t h e  l i g h t .  However, a f t e r  a p r o l o n g e d  p e r i o d  a t  35®G, t h e r m a l  r e v e r s i o n  o f  

P f r  t o  P r  o c c u r s  and exceeds P f r  f o r m a t i o n .  C o n s e q u e n t ly  t r a n s f e r r i n g  achenes  

to  lower t e m p e r a t u r e s  r e d u c e s  o r  d e l a y s  t h e  c o n v e r s i o n  o f  P f r  t o  P r .  With 

s u b s e q u e n t  t r a n s f e r  t o  35°G i n  t h e  l i g h t ,  a s t e a d y  s t a t e  o f  P f r  i s  a g a i n  

e s t a b l i s h e d ,  t h u s  p r om o t ing  g e r m i n a t i o n .  Indeed ,  i n a c t i v a t i o n  o f  P f r  was 

fo u n d  t o  p r o c e e d  a b o u t  4 t im e s  more r a p i d l y  a t  25°G th a n  a t  20®C i n  Amaranthus 

r e t r o f l e x u s  seeds  ( T a y lo r s o n  and H e n d r i c k s ,  1969) .

An a l t e r n a t i v e  h y p o t h e s i s  t h a t  i s  c e n t r e d  on t h e  membrane a s  c o n t r o l l i n g  

e l e m e n t s  i n  t h e  g e r m i n a t i o n  co u ld  be  advanced .  Tha t  t h e  membrane migh t  be  

i n v o lv e d  i n  P.  p e r s i c a r i a  i s  s u g g e s t e d  by t h e  need f o r  a h igh  t e m p e r a t u r e  in  

t h e  g e r m i n a t i o n  o f  u n c h i l l e d  a c h e n e s .  I n  e x p l a i n i n g  t h e  mechanism o f  a c t i o n ,  

t h e s e  a s su m p t io n s  were t a k e n  i n t o  c o n s i d e r a t i o n ,  n a m e l y : -

(1) That  p r o m o t io n  o f  g e r m i n a t i o n / g r a d u a l  l o s s  o f  membrane i n t e g r i t y  o c c u rs
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a t  high t e m pera tu re  (Hendricks and Tay lorson ,  1976).

(2) That  t h e  r e o r g a n i z a t i o n  o f  membrane i n t e g r i t y  t a k e s  p l a c e  a t  t h e  lower
■

t e m p e r a t u r e  p a r t  o f  t h e  c y c l e  (H endr icks  and T a y l o r s o n ,  19 78 ) .

(3) That  de novo s y n t h e s i s  o f  P f r  o c c u r s  i n  t h e  l i g h t  ( T a y lo r s o n  and

H e n d r ic k s ,  1971) .

(4) That  t h e r m a l  i n a c t i v a t i o n  o f  P f r  t o  P r  i s  f a s t e r  a t  a h i g h e r  t e m p e r a t u r e  

(T a y lo r s o n  and H e n d r i c k s ,  1969) .
I"

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

membranes'  i n t e g r i t y  i s  l o s t .

I n  t h e  c a s e  o f  t h e  l i g h t - r e q u i r i n g  component ,  P f r  i n t e r a c t s  w i t h  t h e  

membrane (o r  p r im a r y  s i t e  o f  a c t i o n  x~ Duke e t  a l . ,  1977) b e f o r e  t h e  l o s s  o f  

membrane i n t e g r i t y  o r  b e f o r e  P f r  was i n a c t i v a t e d  to  P r  a t  t h e  h i g h  t e m p e r a t u r e  

o f  35®C. S
I n  t h e  t h i r d  p o p u l a t i o n ,  t h e  r e s u l t s  o f  g e r m i n a t i o n  o f  optimum

a l t e r n a t i n g  t e m p e r a t u r e  i n  t h e  d a rk  d i d  n o t  exceed  50 p e r c e n t ;  however .

when R o r  w h i t e  l i g h t  was i n c o r p o r a t e d  a t  t h e  u p p e r  t e m p e r a t u r e ,  g e r m i n a t i o n

was as  h ig h  a s  abou t  80 p e r c e n t .  T h a t  t h i s  e f f e c t i v e n e s s  oif a l t e r n a t i n g  

t e m p e r a t u r e  coup led  w i t h  l i g h t  o r  R m ig h t  i n d i c a t e  t h a t  P f r  i n t e r a c t s  w i t h  

membrane. H e nd r ic ks  and T a y l o r s o n  (1978) i n  Amaranthus r e t r o f l e x u s  seeds  

c o r r e l a t e d  membrane t r a n s i t i o n  w i t h  i n c r e a s e  i n  a m i n o - a c i d  l e a k a g e  and 

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

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

o r g a n i z a t i o n  o f  membranes and t h i s  enhances  P f r  a c t i o n  i n  c o n t r a s t  to  40®C, 

where membranes a r e  p o o r l y  o r g a n i s e d .  With r e g a r d  to  P .  p e r s i c a r i a ,  i t  

m ig h t  be s u g g e s t e d  t h a t  t h e  d i u r n a l  lower t e m p e r a t u r e  e x p o s u re  a l l o w s  

r e o r g a n i z a t i o n  o f  membrane i n t e g r i t y  which  has  be e n  a l t e r e d  by a p r o lo n g e d  

p e r i o d  a t  h ig h  t e m p e r a t u r e .  T h i s  a f f o r d s  an i n t e r a c t i o n  s i t e  f o r  P f r  which  

when produced  i n t e r a c t s  i m m e d i a t e l y  w i t h  i t s  p r i m a r y  s i t e  o f  A c t i o n  X a t  35°C 

i n  t h e  l i g h t .  However t h i s  s h o u l d  o c c u r  b e f o r e  t h e  l o s s  o f  membrane i n t e g r i t y
■

o r  t he rm a l  r e v e r s i o n  o f  P f r  t o  P r  a t  3 5 °C. Thus t h e  s i n g l e  p r o c e s s  o f  

membrane p e rm e a t io n  i s  b o t h  e x p e c t e d  to promote  and i n h i b i t  g e r m i n a t i o n  as

    _
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t e m p e r a t u r e s  a r e  changed o r  p e r m e a t i o n  c o n t i n u e s ,  and t h e s e  cou ld  l e a d  t o  

s e c o n d a r y  e v e n t s  such  as  a l t e r a t i o n  o f  membrane p o r e s ,  o r  change i n  a c t i v i t y  

o f  membrane-bound enzymes .

The t h i r d  component  o f  t i ie p o p u l a t i o n  ( i . e .  A l t e r n a t i n g  Tempera tu re  

d a r k  s u b - p o p u l a t i o n )  c o u l d  n o t  b e  d i s t i n c t i v e l y  o r  c l e a r l y  r e c o g n i s e d  b e c a u s e  

when achenes  were s u b j e c t e d  t o  an  a l t e r n a t i n g  t e m p e r a t u r e  + FR ( F i g u r e  4 . 1 3 ) ,  

t h e  p e r c e n t a g e  g e r m i n a t i o n  was s i m i l a r  t o  t h e  s u b - p o p u l a t i o n  I I ( i . e .  L ig h t  

g e r m i n a t i n g  a t  c o n s t a n t  35®C). I t  m igh t  b e  a rgued  t h a t  t h i s  component  o f  

t h e  p o p u l a t i o n  i s  t h e  same as  t h e  component t h a t  r e q u i r e s  c o n t i n u o u s  l i g h t  a t  

35®C, b e c a u s e  b o t h  had a lm o s t  s i m i l a r  p e r c e n t a g e  g e r m i n a t i o n .  I f  t h i s  i s  

t h e  s i t u a t i o n ,  t h e n  t h e  p o p u l a t i o n  m igh t  be  t h o u g h t  o f  a s  c o m p r i s in g  3 c l e a r l y  

d e f i n e d  s u b - p o p u l a t i o n s .

The mechanism o f  g e r m i n a t i o n  o f  t h e  whole p o p u l a t i o n  b a s e d  on  phytochrom e 

as  l a r g e l y  t h e  c o n t r o l l i n g  f a c t o r  has one d e f i c i e n c y .  T h a t  i s ,  a  l e g a c y  o f  

P f r  a t  m a t u r i t y  w i t h  r e g a r d  to  t h e  component  g e r m i n a t i n g  a t  35®C i n  d a r k n e s s .

I f  g e r m i n a t i o n  o f  t h i s  component  i s  due t o  t h e  a l r e a d y  p r e s e n t  P f r  a t  m a t u r i t y ,  

t h e n  i r r a d i a t i n g  w i t h  FR s h o u ld  r e s u l t  i n  r e d u c e d  g e r m i n a t i o n .  However, 

t h i s  i s  n o t  t h e  c a se  b e c a u s e  t h i s  s u b - p o p u l a t i o n  always g e r m i n a t e s  even when 

i r r a d i a t e d  w i t h  FR and i n c u b a t e d  a t  35®C i n  t h e  d a r k .  The mechanism o f  

g e r m i n a t i o n  m ig h t  n o t  be  d e p e n d e n t  on P f r .

O t h e r  t h e o r i e s  i n  r e s p e c t  o f  t h e  mechanism o f  a l t e r n a t i n g  t e m p e r a t u r e s  

have  be e n  adva nce d .  Cohen (1958) has  p r o p o s e d  an  e x p l a n a t i o n  b a s ed  on t h e  

p h y s i c a l  changes  o f  s t a t e  w i t h  maximum t e m p e r a t u r e  r e a c h e d  i n  the  h i g h e r  

t e m p e r a t u r e  o f  t h e  two t e m p e r a t u r e  p h a s e s .  T h i s  change,  h e  s u g g e s t e d ,  m igh t

i n v o l v e  t h e  c o n v e r s i o n  o f  an  i n a c t i v e  enzyme p r e c u r s o r  t o  an a c t i v e  s t a t e  o r  

r e s u l t  i n  a l t e r a t i o n s  i n  membrane p e r m e a b i l i t y  which  p e r m i t  i n t e r a c t i o n

be tw een  p r e v i o u s l y  s e p a r a t e d  compounds.  This a rg u e s  f o r  the  e x i s t e n c e  o f  a

p a r t i c u l a r  c r i t i c a l  t e m p e r a t u r e  t o  e f f e c t  t h e  r e q u i r e d  c h a n g es .  This i s  

p a r t l y  a p p l i c a b l e  t o  P .  p e r s i c a r i a , b e c a u s e  o f  t h e  need f o r  a c r i t i c a l

t e m p e r a t u r e  o f  3 5 ®C. However i t  d i d  no t  t a k e  i n t o  a c c o u n t  t h e  need f o r  l i g h t .

Toole  e t  a l .  (1955)  s u g g e s t e d  t h a t  t h e  h i g h  t e m p e r a t u r e  p a r t  o f  t h e  c y c l e
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i n c r e a s e s  r e s p i r a t i o n ,  hence  c r e a t e s  r e s p i r a t o r y  s u b s t r a t e s  o r  compounds ( e . g .  

s u b s t r a t e s  s u p p l y i n g  e n e rg y ;  h y d r o g e n - t r a n s f e r r i n g  i n t e r m e d i a t e s  and  i n t e r ­

m e d i a t e s  f o r  s y n t h e s i s ) .  These s u b s t r a t e s , w h i l e  u n f a v o u r a b l e  f o r  g e r m i n a t i o n  

a t  t h e  h i g h  t e m p e r a t u r e ,  m ig h t  be  f a v o u r a b l e  a t  t h e  r e a c t i o n  r a t e s  i n v o lv e d  

a t  t h e  lower t e m p e r a t u r e .  The o b s e r v a t i o n  t h a t  l o n g e r  d u r a t i o n  (16h) a t  t h e  

u p p e r  t e m p e r a t u r e  gave b e t t e r  g e r m i n a t i o n  t h a n  s h o r t  d u r a t i o n  ( 8 h) m ig h t  a rgue  

a g a i n s t  t h i s  t h e o r y ,  a t  l e a s t  i n  P. p e r s i c a r i a . A l so ,  t h e  above  a rgum en t  

c o u ld  be  advanced  a g a i n s t  Thompson's  (1969)  s u g g e s t i o n  t h a t  i t  would seem l i k e l y  

t h a t  t h e  need f o r  r e l a t i v e l y  l o n g  p e r i o d s  a t  low t e m p e r a t u r e  depends on t h e  

r a t e  o f  c o m p le t io n  o f  n e c e s s a r y  m e t a b o l i c  p r o c e s s e s  d u r i n g  t h a t  t ime  i n  

Lycopus eu ropa e us  L. Lang (1965)  has  s u g g e s t e d  t h a t  t h e  e f f e c t  o f  t e m p e r a t u r e  

changes  does no t  c o n s i s t  i n  t h e  removal  o f  s p e c i f i c  b l o c k s  to  g e r m i n a t i o n ,  b u t  

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

which e n a b l e s  t h e  l a t t e r  to g e r m i n a t e  more r a p i d l y  and  overcome a g e r m i n a t i o n  

b l o c k  i f  s u c h  i s  p r e s e n t .

The p h y s i o l o g i c a l  polymorphism e x h i b i t e d  by u n c h i l l e d  achenes  o f  P . 

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

t o  r e s p o n d  to  d i f f e r e n t  f a c t o r s  i s  o f  e c o l o g i c a l  a d v a n ta g e  i n  d i f f e r e n t
■

g e o g r a p h i c a l  l o c a t i o n s .  I t  e n s u r e s  a c o n t i n u i n g  seed  bank  o f  a c h e n e s  b e c a u s e  

n o t  a l l  would b e  e x p e c t e d  t o  g e r m i n a t e  i n  r e s p o n s e  t o  a  p a r t i c u l a r  dormancy 

b r e a k i n g  s t i m u l u s .

S t r a t i f i c a t i o n

The r e s u l t s  o f  C h a p t e r  5 i n d i c a t e d  t h a t  4°C and 10®C a r e  s t r a t i f y i n g  

t e m p e r a t u r e s .  Dormancy r e l e a s e  i s  f a s t e r  a t  4°C when compared to  10®C p r e ­

t r e a t m e n t ,  c o n s e q u e n t ly  4®C c o u ld  be  c o n s i d e r e d  a more e f f e c t i v e  s t r a t i f i ­

c a t i o n  t e m p e r a t u r e .  Higher  t e m p e r a t u r e s  o f  15®C, 20®C o r  25®C d i d  no t  b r e a k  

dormancy,  a nd  so a r e  c o n s i d e r e d  as  n o n - s t r a t i f i c a t i o n  t e m p e r a t u r e s .

When g e rm in a t e d  unde r  an a l t e r n a t i n g  t e m p e r a t u r e  o f  15®C(8h)/35®C(16h) 

i n  t h e  d a r k  g e r m i n a t i o n  was advanced ,  (About  90 p e r c e n t  g e r m i n a t i o n  was
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o b t a i n e d  a f t e r  2 weeks o f  s t r a t i f i c a t i o n  a t  4®C.) However,  40®C ( d a r k )  

c o m p l e t e l y  p r e v e n t e d  g e r m i n a t i o n ,  and can be  c o n s i d e r e d  i n h i b i t o r y .

The c o n d i t i o n s  w h ich  b r e a k  dormancy and p e rm i t  g e r m i n a t i o n  can be r e l a t e d  

t o  e v e n t s  i n  t h e  n a t u r a l  e n v i r o n m e n t ,  v i z .  t h e  s o i l .  Hence, i t  i s  o f  

e c o l o g i c a l  im p o r t a n c e .  The s o i l  t e m p e r a t u r e s  o f  t h e  w i n t e r  months m ig h t  be 

w i t h i n  t h e  t e m p e r a t u r e  r a n g e  o f  1®C~10®C, which  r e s u l t s  i n  t h e  l o s s  o f  dormancy 

w i t h o u t  s u b s e q u e n t  g e r m i n a t i o n ,  wh ich  o f  c o u r s e  a w a i t s  f l u c t u a t i n g  t e m p e r a t u r e s  

o f  t h e  s p r i n g  o r  summer m o n t h s . I n d e e d ,  a f t e r  on ly  two weeks o f  s t r a t i f i c a t i o n  

a lm o s t  c o m p l e t e  g e r m i n a t i o n  c o u ld  r e s u l t  i f  achenes  a r e  s u b j e c t e d  t o  a l t e r ­

n a t i n g  t e m p e r a t u r e s .  I f  t h e  s e e d  has t o  p r o v i d e  a  v i a b l e  s e e d l i n g  when 

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

S t r a t i f i c a t i o n  f o r  24 weeks ca n  o c c u r  w i t h o u t  d e t r i m e n t  t o  s u b s e q u e n t  g e r m i n a t i o n  

T h i s  d u r a t i o n  f a r  exceeds  normal  w i n t e r  p e r i o d s .

The p e r i c a r p  p l a y s  an i m p o r t a n t  r o l e  d u r i n g  t h e  w i n t e r  mon th s .  I t  

e n a b l e s  t h e  non-dorm an t  (dormancy b r o k e n  by low t e m p e r a t u r e  o f  t h e  w i n t e r  

months)  v i a b l e  d i s p e r s a l  u n i t  t o  s u r v i v e  c o n d i t i o n s  u n f a v o u r a b l e  t o  g e r m i n a t i o n .  

This  c a n  be a c h i e v e d  by t h e  p e r i c a r p  ( c o a t )  r e d u c i n g  t h e  p h y s i o l o g i c a l  c o n t a c t  

be tw een  embryo and t h e  env i ronm en t  to  a  minimum. Lack o f  c o a t  p r o t e c t i o n  

r e s u l t s  i n  r e a d y  g e r m i n a b i l i t y  and l o s s  o f  v i a b i l i t y .

I t  h a s  a l s o  be e n  d e m o n s t r a t e d  t h a t  an a n a e r o b i c  a tm o s p h e re  does n o t  r e t a r d  

t h e  s t r a t i f i c a t i o n  p r o c e s s ,  r a t h e r  s t r a t i f i c a t i o n  i n  t h e  p r e s e n c e  o f  n i t r o g e n  

i s  more e f f e c t i v e .  The e c o l o g i c a l  i m p o r ta n c e  i s  t h a t  t h e  n a t u r e  o f  t h e  h a b i t a t  

i n  which  achenes  a r e  found ,  t h a t  i s ,  m ar shy ,  p e a t y  o r  boggy p l a c e s ,  as  r e p o r t e d  

i n  t h e  Gene ra l  I n t r o d u c t i o n ,  m igh t  l a c k  a d e q u a t e  a e r a t i o n .  A n a e r o b i o s i s  i s  

no t  a s t a t e  t h a t  i n t e r f e r e s  w i t h  l o s s  o f  dormancy d u r i n g  t h e  w i n t e r  m o n t h s .

Achenes o f  d i f f e r e n t  h a r v e s t s  have be e n  shown t o  p o s s e s s  d i f f e r e n t  d e g r e e s  

o f  dormancy by t h e i r  r e s p o n s e  t o  s t r a t i f i c a t i o n  t r e a t m e n t .  Thus,  t h e  r e s u l t s  

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

s p e c i f i c  g e r m i n a t i o n  c o n d i t i o n s ,  b e c a u s e  achenes  o f  d i f f e r e n t  h a r v e s t s  were 

u s e d ,  even though c o l l e c t e d  a t  t h e  same s i t e .  N e v e r t h e l e s s ,  t h e  p a t t e r n  o f  

r e s p o n s e  t o  s p e c i f i c  s t i m u l i  i s  e s s e n t i a l l y  t h e  same. Hence,  g e r m i n a t i o n
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I t  has b e e n  shown i n  C h a p te r  6  t h a t  a  s u p r a o p t im a l  t e m p e r a t u r e  o f  4 0 “C 

does n o t  impose s e c o n d a r y  dormancy ,  r a t h e r  c a u s e s  c e l l u l a r  s t r e s s  l e a d i n g  to 

d e t e r i o r a t i o n  o f  t h e  a c h e n e s ,  t h e  e f f e c t  b e in g  on t h e  embryo.  The ha rm fu l  

e f f e c t  can be a m e l i o r a t e d  more by  k i n e t i n  t r e a t m e n t  i n  c o n t r a s t  t o  GA  ̂ o r  l i g h t  

However, d r y i n g  i s  c o n s i d e r e d  t o  impose t r u e  s e c o n d a r y  dormancy,  and t h i s  c a n

■
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r e s p o n s e  o f  d i f f e r e n t  h a r v e s t s  d i f f e r s  q u a n t i t a t i v e l y  and n o t  q u a l i t a t i v e l y .

The mechanism o f  low t e m p e r a t u r e  a c t i o n  ( e f f e c t )  i s  n o t  u n d e r s t o o d .  The 

r e s u l t s  of  s t r a t i f i c a t i o n  t r e a t m e n t s  d e m o n s t r a t e  t h a t  t h e  r e q u i r e m e n t  f o r  P f r  

d e c r e a s e s  w i t h  an  i n c r e a s e  i n  t h e  s t r a t i f i c a t i o n  t i m e . And d a rk  g e r m i n a t i o n  

o c c u r s  a t  20®C, a t e m p e r a t u r e  which  d i d  n o t  promote g e r m i n a t i o n  o f  u n c h i l l e d  

achenes  e i t h e r  i n  t h e  d a r k  o r  l i g h t .  I t  co u ld  b e  t h e n  a rg u e d  t h a t  c h i l l i n g  

a c t s  t o  remove t h e  P f r  r e q u i r e m e n t  o f  u n c h i l l e d  a c h e n e s .  Also  t h e  R p r o m o t iv e  

e f f e c t  d e c r e a s e s  w i t h  an i n c r e a s e  i n  s t r a t i f i c a t i o n  p e r i o d .  I t  i s  c l e a r  t h a t  '

s t r a t i f i c a t i o n  a b o l i s h e s  any l i g h t  r e s p o n s e .  I t  migh t  be  s p e c u l a t e d  t h a t  i f  

t h e  mechanism o f  a c t i o n  a s c r i b e d  t o  P f r  ( i n t e r a c t i o n  w i t h  membrane) i s  in d ee d
.

t h e  c a s e ,  t h e n  one can  i n f e r  t h a t  s t r a t i f i c a t i o n  t r e a t m e n t  m igh t  be  a f f e c t i n g  

t h e  membrane. Bewley and Black (1982)  have  s u g g e s t e d  t h a t  s t r a t i f i c a t i o n  

m igh t  a c t  on t h e  enzyme sys tem  o r  a f f e c t  t h e  s t r u c t u r a l  o r g a n i z a t i o n  o f  t h e  

membrane; however ,  t h e s e  s u g g e s t i o n s  a r e  y e t  to  b e  p roven  e x p e r i m e n t a l l y .

I n  some s p e c i e s ,  c h i l l i n g  h a s  b e e n  r e p o r t e d  to  cause  changes  i n  t h e  c o n t e n t  o f
■

c e r t a i n  m e t a b o l i t e s  and o f  some b i o c h e m ic a l  p r o c e s s e s ,  as  h a s  been  n o t e d  on 

page  16, a l t h o u g h  i t  i s  d i f f i c u l t  t o  r e l a t e  t h e s e  changes s p e c i f i c a l l y  t o  t h e  

p r im a r y  r e l e a s e  from dormancy.

S t r a t i f i c a t i o n  a c t s  t o  d e c r e a s e  t h e  h e t e r o g e n e i t y  o f  t h e  i n d i v i d u a l s  i n
■ ;;

t h e  p o p u l a t i o n  and makes them r e p o n s i v e  t o  a  s i n g l e  t r e a t m e n t .

be b roken  by a second p e r i o d  o f  c h i l l i n g  o r  a l t e r n a t i n g  t e m p e r a t u r e  and n o t  by 

k i n e t i n  o r  GA^. Drying m ig h t  be l e s s  l i k e l y  t o  a f f e c t  t h e  membranes and

embryo i n  c o n t r a s t  t o  40®C. I t  can be a rg u e d  t h a t  k i n e t i n  o r  GA^ a r e  n o t
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i n v o l v e d  i n  t h e  p r o c e s s (es )  r e l i e v i n g  s e c o n d a r y  dormancy.  The mechanism by 

which  s e c o n d a r y  dormancy i s  imposed by d r y i n g  i s  no t  known.

Dry s t o r a g e  a t  a t e m p e r a t u r e  o f  35®C cou ld  a l s o  r e l i e v e  p r im a r y  dormancy,  

by a  mechanism no t  u n d e r s t o o d .

The p r o m o t i v e  e f f e c t s  o f  h i g h  t e m p e r a t u r e  depend on t h e  n a t u r e  o f  t h e  

achenes  ( i . e .  e i t h e r  dormant  or  non -do rm a n t )  and t h e i r  s t a t e ,  t h a t  i s  w h e th e r  

imb i b  ed o r  d ry  ,

Though s o i l  t e m p e r a t u r e s  i n  t h e  summer months m igh t  r e a c h  h igh  v a l u e s ,  

t h e r e  i s  l i t t l e  l i k e l i h o o d  t h a t  t h e  achenes,  would b e  k i l l e d  o r  s e co n d a ry  

dormancy im posed .  E c o l o g i c a l l y ,  t h i s  would p r o v id e  f o r  summer g e r m i n a t i o n ,  

b u t  i f  t h e  achenes  d r y  o u t ,  t h e n  s e co n d a ry  dormancy i s  imposed ,  and in  t h i s  

e c o l o g i c a l  c i r c u m s t a n c e  non-dorm an t  achenes  ( i . e .  t h o s e  c h i l l e d  by w i n t e r  

months)  would be r e t u r n e d  t o  t h e  seed  b a n k ,  and g e r m i n a t e  when f a v o u r a b l e  

c o n d i t i o n s  p r e v a i l  o r  t h e  achenes  a r e  s u b j e c t e d  to  a s e cond  c h i l l i n g  t r e a t m e n t .

Hormone t r e a t m e n t s

The r e s u l t s  o b t a i n e d  i n  C h a p te r  7 w i t h  whole  ( i n t a c t )  o r  p u n c tu r e d

u n c h i l l e d  achenes  o f  P .  p e r s i c a r i a  when GA  ̂ o r  GA^  ̂^ was a p p l i e d  do no t  

i n d i c a t e  any r e g u l a t o r y  r o l e  f o r  t h e s e  hormones i n  dormancy b r e a k i n g  o f  

u n c h i l l e d  a c h e n e s .  The argument  t h a t  R i n i t i a t e s  t h e  s y n t h e s i s  o f  g i b b e r e l l i n  

i s  n o t  a p p l i c a b l e  to  u n c h i l l e d  ac hene s  o f  P .  p e r s i c a r i a  b e c a u s e  R + GÂ  

t r e a t m e n t  gave h i g h e r  g e r m i n a t i o n  t h a n  GA  ̂ b u t  n o t  R t r e a t m e n t .  However,  

k i n e t i n  t r e a t m e n t  promoted  s i g n i f i c a n t  g e r m i n a t i o n  o v e r  n o n - t r e a t e d  a c h e n e s .

But  a g a i n ,  de novo s y n t h e s i s  o f  c y t o k i n i n  by R i s  n o t  s u p p o r t e d  by t h e  r e s u l t s  

o b t a i n e d  when b o t h  a r e  g i v e n  t o g e t h e r ,  r a t h e r  a d d i t i v e  p r o m o t io n  o f  g e r m i n a t i o n  

a p p e a r s  to  b e  t h e  c a s e .  G e rm in a t io n  was g r e a t e s t  when R, GA^ and k i n e t i n  

were g i v e n  t o g e t h e r .  The above  o b s e r v a t i o n s  a rgue  a g a i n s t  s u b s t i t u t i o n  o r  

r e p l a c e m e n t  o f  one t r e a t m e n t  by a n o t h e r  t r e a t m e n t ,  and c o n s e q u e n t l y  do no t  

f a v o u r  common r e g u l a t o r y  mechanism,  a t  l e a s t  in  P.  p e r i s c a r i a . Bewley,

Negbi and  B lack  (1968) d e m o n s t r a t e d  t h a t  t h e  e f f e c t  o f  P f r  was e v i d e n t  w i t h i n
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5  m i n u t e s ,  which  a lm o s t  p r e c l u d e s  t h e  p o s s i b i l i t y  o f  t h e  mode o f  a c t i o n  o f

l i g h t  b e in g  t h e  i n i t i a t i o n  o f  t h e  s y n t h e s i s  o f  GA, s i n c e  t h e  ^  novo p r o d u c t i o n  

o f  GA would r e q u i r e  a l o n g e r  t im e  f o r  e x p r e s s i o n .  A l s o ,  t h e y  found t h a t  GA 

and l i g h t  a c t e d  s y n e r g i s t i c a l l y . The more r e c e n t  work by B e r r i e  and T a y lo r  

(1981)  where  1 i g h t - i n d u c e d  and GA-induced p o p u l a t i o n s  were a n a l y s e d  n u m e r i c a l l y  

l e d  them t o  t h e  same c o n c l u s i o n .  That  t h e  a b s o l u t e  amount o f  GÂ  was t h e  

f a c t o r  p r e v e n t i n g  g e r m i n a t i o n  was d i s p u t e d  by Metzger  ( 1 9 8 3 ) .  He o b s e rv e d  

t h a t  b o t h  unimbibed  dormant  and non-dorm ant  seed  o f  w i l d  o a t s  (Avena f a t u a  L . )  

seeds  c o n t a i n e d  s i m i l a r  amounts o f  GA^, a l t h o u g h  t h e  l e v e l  d e c l i n e d  f a s t e r  i n  

dormant  t h a n  non-dorm an t  s eeds  d u r i n g  i m b i b i t i o n .  He s u g g e s t e d  t h a t  g r e a t e r  

GA b i o s y n t h e s i s  m ig h t  be  h e ld  r e s p o n s i b l e  f o r  t h e  s lo w e r  r a t e  o f  d e c l i n e  in  

GA  ̂ l e v e l s  in  im b ib in g  non-dorm ant  s e e d s ,  and s p e c u l a t e d  t h a t  g e r m i n a t i o n  

m igh t  b e  r e g u l a t e d  by t h e  r a t e  o f  GA t u r n o v e r .  He c o n c lu d e d  t h a t  i n c r e a s e d  

GA b i o s y n t h e s i s  i n  im b ib ing  non-dorm ant  s e e d s  m igh t  b e  a  s econda ry  r a t h e r  t h a n  

a p r im a ry  e v e n t  a s s o c i a t e d  w i t h  g e r m i n a t i o n .

The t r e a t m e n t s  i n  which  achenes  were  s t r a t i f i e d  i n  GA  ̂ and  i r r a d i a t e d  w i th  R 

l i g h t ,  enhanced  g e r m i n a t i o n  t o  a  g r e a t e r  e x t e n t  t h a n  when e i t h e r  was g i v e n  

a lo n e .  Th is  does n o t  f a v o u r  t h e  h y p o t h e s i s  t h a t  R m igh t  a c t  t o  p rom ote  GA 

s y n t h e s i s .  I n d e e d ,  t h e  s t i m u l a t o r y  e f f e c t  o f  a p p l i e d  GÂ  i s  n o t  u n i v e r s a l .

I n  D io s c o re a  t o k o r o , i t  i n h i b i t e d  g e r m i n a t i o n  i n  t h e  d a r k  o r  when g i v e n  in  

c o m b in a t io n  w i th  R l i g h t  (Okagami and Kawai, 1977) .  Also GA^, w h i l e  p romot in g  

t h e  g e r m i n a t i o n  o f  some s e e d s  t h a t  r e q u i r e  c h i l l i n g ,  f a i l e d  t o  overcome 

dwarf i sm o f  u n c h i l l e d  s e e d l i n g s  ( V i l l i e r s  a n d  Ware ing,  1960) .

The o b s e r v a t i o n s  o f  a p p l y i n g  g rowth  r e t a r d a n t s  e i t h e r  d u r i n g  s t r a t i f i ­

c a t i o n  o r  a f t e r  m igh t  s u g g e s t  t h a t  s t r a t i f i c a t i o n  d i d  n o t  a c t  t o  promote  de 

novo s y n t h e s i s  o f  GA. %

The r e s u l t s  o f  a p p l i e d  ABA, and K a r s s e n ’s (1982)  o b s e r v a t i o n s  on t h e

in v o lv e m e n t  o f  endogenous ABA d u r i n g  s t r a t i f i c a t i o n ,  d i d  a rg u e  a g a i n s t  ABA

be in g  r e s p o n s i b l e  f o r  t h e  m a i n t e n a n c e  o f  p r im a ry  dormancy,  a l t h o u g h  r a d i c l e
,

e l o n g a t i o n  co u ld  be  i n h i b i t e d  a f t e r  the  g e r m i n a t i o n  p r o c e s s  has  s t a r t e d  i n



2 1 1

P.  p e r s i c a r i a .

The h y p o t h e s i s  t h a t  p ro m o t iv e  c o n d i t i o n s  a l l o w e d  t h e  p r o d u c t i o n  o f  

g i b b e r e l l i n ,  so i n i t i a t i n g  g e r m i n a t i o n ,  c a n n o t  b e  s u s t a i n e d  by t h e s e  

e x p e r i m e n t s .  W h i l s t  i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h e  g rowth  r e t a r d a n t s

CONCLUSION

I t  could be s u g g e s t e d  t h a t  where  i s o l a t e d  embryos,  o r  s e e d s  w i t h o u t  the  

p e r i c a r p ,  g e r m i n a t e ,  dormancy i n  t h i s  c a s e  m igh t  be  d e t e r m i n e d  by t h e  s e e d  

c o a t .  Th i s ,  however ,  i s  n o t  a lways c o r r e c t ,  b e c a u s e  t h e  dormant  s e ed  cou ld  

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

s t r a t i f i c a t i o n  o r  exogenous hormones ,  as  i n d e e d  i s  t h e  c a s e  w i t h  P.  p e r s i c a r i a . 

These dormancy b r e a k i n g  t r e a t m e n t s ,  i n  some c a s e s  e . g .  l i g h t ,  have been 

s u g g e s t e d  t o  a f f e c t  t h e  embryo o r  membranes ,

Thus, w h i l e  we must  c o n s i d e r  t h a t  t h e  p e r i c a r p  o f f e r s  some r e s i s t a n c e  to 

g e r m i n a t i o n ,  i t  i s  t h e  i n a b i l i t y  o f  t h e  embryo to  overcome t h i s  t h a t  c h a r a c t e r ­

i s e s  t h e  phenomenon o f  dormancy.  When t h e  embryo i s  i n  a s t a t e  o f  s u f f i c i e n t  

a c t i v i t y ,  e s t a b l i s h e d  by s p e c i f i c  e n v i r o n m e n ta l  c o n d i t i o n s ,  t h i s  dormancy i s  

b r o k e n ,  t h e  r e s i s t a n c e  overcome and  g e r m i n a t i o n  e x p r e s s e d .

a c t  by p r e v e n t i n g  t h e  s y n t h e s i s  o f  g i b b e r e l l i n ,  t h e r e  a r e  i n s t a n c e s  where 

GA s y n t h e s i s  i s  no t  c l e a r l y  i n h i b i t e d .  R e g a r d l e s s  o f  t h e  r o l e  t h e s e  growth  

r e t a r d a n t s  p l a y  i n  g i b b e r e l l i n  m e ta b o l i s m ,  i t  i s  a c c e p t e d  t h a t  t h e y  may 

i n f l u e n c e  t h e  g i b b e r e l l i n  " b a l a n c e  s h e e t " .

The r e l a t i v e  l a c k  o f  r e s p o n s e  o f  Polygonum p e r s i c a r i a  t o  exogenous 

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

would s t r e n g t h e n  t h e  c o n c e p t i o n  t h a t  g i b b e r e l l i n  i s  n o t  i n v o l v e d  i n  the  

g e r m i n a t i o n  o f  t h e s e  a c h e n e s .  S u b s t a n t i a t i n g  e v i d e n c e  c o u ld  o n ly  b e  o b t a i n e d  

by u n d e r t a k i n g  an  a n a l y s i s  f o r  endogenous g i b b e r e l l i n .

    _  -  I
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APPENDIX 

CHAPTER 3

The mean p e r c e n ta g e  g e rm in a t io n  o f  u n c h i l l e d  achenes o f  P . p e r s i c a r i a  t r e a t e d  

w i th  c h e m ic a l s .

T ab le  3 .4

Concen­
t r a t i o n s

ImM

lOmM

Calcium  h y p o c h l o r i t e  (Ca(C 1 0 ) 2 ) 

T re a tm e n ts

A

Im bibed i n  w a te r  a t  
20 C f o r  24h and th e n  
g e rm in a te d  i n  c h e m ica l

B

Imbibed in  chem ica l  
a t  20 C f o r  24h and 
th e n  g e rm in a te d  in  
w a te r

G erm ina ted  dry  
i n  chem ica l

OmMCĤ O) 31

27

38

38 

32 .33

38

34

40

4 0 .6 6

28

37

44

31

29

40

38

32 .33

31

32.33

40

41 .33

28

37

44

40 46 33

39 .6 6

43 54 52

4 9 .6 6

35 34 38

35 .6 6

I
1
ft
; 8 .
'iÿ':

' i l

I
■ f

I

8 : 1

ft
Table  3 .5 Hydrogen P e ro x id e  CH2 O2 )

Concen­
t r a t i o n s A

0  volume

5 volumes

1 0  volumes

15 volumes

2 0  volum es

50 volumes

33 38

3 5 .5

58 57

57 .5

65 6 8

66.5

42 27

34 .5

0 0

0

0 0

0

33

28

49

42

69

83

35 .5

28.5

4 8 .5

46

69

8 2 .5

38

29

48

50

69

82

35 32

3 3 .5

65 69

67

76 65

70 .5

22 19

20.5

0 0

0

0 0

0

i
ft?

fti?
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T a b le  3 .6  

C o n c e n t r a t io n s

P o ta s s iu m

A

n i t r a t e (KNO^)

B C

OmMCĤ O) 31 38 28 31 38 28 40 46 33

32.33 32 .33 39 .66

ImM 39 50 43 29 29 35 43 53 53

44 31 4 9 .6 6

■ 1 OmM 40 48 35 37 2 2  ' 37 52 40 51

41 32 4 7 .6 6

lOOmM 0 0 0 49 35 48 0 0 0

0 44 0

T a b le  3 .7 P o ta ss iu m n i t r i t e (KNO^)

C o n c e n t râ t  io n s A B C

OmMCĤ O) 31 38 28 31 38 28 40 46 33

32.33 32 .33 39 . 6 6

ImM 57 57 56 43 40 33 64 59 59

56.66 3 8 .6 6 60. 6 6

lOmM 62 69 64 53 50 55 72 70 69

65 52 .66 70 .33

lOOmM 0 0 0 6 8 64 79 0 0 0

0 70 .33 0

T ab le  3 .8 Hydro xylam ine h y d r o c h l o r id e  (NH^OH.HCl)

C o n c e n t ra t io n s A B C

OmMCĤ O) 33 38 33 38 35 32

3 5 .5 3 5 .5 33 .5

ImM 49 49 27 41 40 33

49 34 3 6 .5

lOmM 0 0 52 48 31 29

0 50 30

lOOmM 0 0 48 50 32 17

0 49 24.5

' ■ - • ••’ ' ft' ' fti 1..'. V
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Table 3.9

C o n c e n t r a t i o n s

OmMCHgO)

ImM

lOmM

lOOmM

T hiou rea  (CS(NIl2 ) 2 ) 

A B

33 38

3 5 .5

39 36

3 7 .5

39 42

4 0 .2

45 42

4 3 .5

33 38

3 5 .5

26 33

2 9 .5

35 34

34 .5

45 38

41 .5

35 32

33.5

25 34

29 .5

25 18

21 . 8

33 52

4 2 .5

I
1
y
Î

-«f

T ab le  3 .1 0 Sodium Cyanide (NaCN)

C o n c e n t r a t io n s

33

35 .5 35 .5 33.5

O.lmM 36 16 36 31

3 1 .5 33 .5

O.SmM 30

ImM 32

18 .5 4 0 .5

20

25 .5

5mM 28 43 36

28 .5 39 .5

lOmM 45

15.5 42

:
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Table 3.11

C o n c e n t r a t io n s A

Sodium a z id e  (NaN^)

B

OmMCHgO)

O.lmM

0. 5mM

ImM

3irM

5mM

lOmM

33 38

35 .5

41 20

3 0 .5

33 38

3 5 .5

16 27

21.5

27 21

24

32 31

31 .5

41 41

41

50 43

4 6 .5

41 29

35

35 32

3 3 .5

33 40

36 .5

43 47

45

0 0

F ig u re  3 .1  The P e r c e n ta g e  W ater U ptake  a t  20°C i n  t h e  d a r k .

T re a tm e n ts

Exposure  Time in  h________ I n t a c t  Achenes________ Achenes w i th  t i p s  c u t  o f f

0 (M o is tu re  c o n te n t )  

1  

4 

8  

16 

24 

36 

48

11.538

25.892

32.51

34 .994

36.09

3 9 .202

3 8 .682

37 .105

10 .69

22.269

30.667

36.809

4 0 .9 7 8

4 0 .598

43 .462

42 .918

I

I
I
I

Î
;¥

: . , 1 4
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F ig u re  ,3-2 E f f e c t o f  d i f f e r e n t  oxygen c o m p o s i t io n s  on t h e  g e rm in a t io n ."it;

o f  a c h e n e s .

G e rm in a t io n a t  30 ®C d a rk SE
1 :hA tm osphe r ic  P r e s s u r e  74cm o f  Hg

P e r c e n ta g e  o f Gaseous C om posit ion P e r c e n ta g e  G e rm in a t io n %
Gaseous C om posit ion i n cm R e p l i c a t e s . Ï

Hg
° 2

1 2 3 4 Mean
1

1 0 0  p e r c e n t  0 ^ 0 - 74 8 8 8 18 10 .5 ?;
S!

75 ” " 0 1 8 .5 5 5 .5 1 0 16 1 0 14 1 2 .5
Si"
1

50 " " 0 37 37 S 2 8 4 5 .5
1

125 " " 0 55 1 8 .5 8 2 0 1 2 8 1 2

A ir  ( C o n t ro l ) - - - 0 0 4 4 2
g

1

G e rm in a t io n a t  35 °C d a rk

s

Es

1 0 0  p e r c e n t  0 ^ 0 — 74 .5 52 52 30 34 42 S
f

75 "  " 0 18 . 6 55.9 44 44 40 40 42
i,:

50 ” " 0 3 7 .3 3 7 .3 34 30 28 34 31 .5
Ss'S
I:

25 " 0 55.9 18 .6 32 38 44 30 36 ?

A ir  (C o n t ro l ) - - 32 28 36 30 31 .5 ' 1

s|
■■ :

E f f e c t o f  d i f f e r e n t c a rb o n  d io x id e  c o m p o s i t io n s  on t h e  g e rm in a t io n
s
1

o f  a c h e n e s . t|l

G erm in a t io n a t  30 °C i n  t h e d a rk #
g,s

P e rc e n ta g e  o f A tm ospheric  P r e s s u r e  73. 5 cm o f  Hg 1Gaseous C om posit ion Gaseous C om posit ion P e rc e n ta g e G e rm in a t io n i
i n cm R e p l i c a t e s

.sr'

Hg
" 2

CO2 1 2 3 4 Mean 1 "'„S:
si

1 0 0  p e r c e n t 0 73. 5 0 0 0 0 0 0 .

4 " CO^ 0 70. 5 2 .9 0 0 0 0 0
1

2 ” CO 0 72 1 .5 0 0 0 0 0

1  " CO2 0 7 2 .8  0 .7 0 0 0 0 0 ÎviS
A ir  (C o n t ro l ) 2 2 0 0 1
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CHAPTER 4 î
; i | i

Figure 4 .1  The mean p ercen tage  germ ination  o f  u n c h i l le d  achenes s u b je c te d

to  d i f f e r e n t  a l t e r n a t in g  regim es in  a 24h d iu r n a l  c y c le .  

Counted a f t e r  14 c y c l e s .

Percentage Germination  
a . b .

A lte r n a t in g  8h a t  the  Upper Temperature 16h a t  the Upper Temperature

S e r ia l  Light a t  the  Dark a t  th e  L ight a t  the Dark a t  the
Number d iu rn a l  c y c l e  Temp. Upper Temp. Upper Temp. Upper Temp,
____________________  R e p l ic a te s_______R e p l ic a te s  R e p l ic a t e s  R e p l ic a te s

( 1 )

( 2 )

(3)

(4) 

C5) 

( 6 )

(7)

( 8 ) 

(9)

( 10)

(11)

( 12)

(13)

5°C/15°C 

5*C/20°C 

5°C/25*C 

5°C/35°C 

10°C/1S°C  

1 0 oC/ 2 0 °C 

10°C/25°C  

10°C/35°C 

15°C/20°C  

15°C/25 C 

15 C/35°C 

20°C/25*C 

20°C/35°C

0

0 .5

30

3 .5

35
40

48 48
48

12

54

54

12

61

1 .5

57 .5

12

67

61

0

0 .5

0 .5

11

21

1 .5

28.5

1 1
1

2 6
4

28 29
28.5

0 1
0 .5

18 21
19 .5

0 0  0

4 .5

10

66
65

7 .5

11
9 .5

36 43

50

4 ■

10

70 67
68 .5

0 2
1

41 35
38

0

64 17

0 0

13
15

57 19

2 .5

3 .5

21 .5
24

1 3
2

3 2
3 .5

21 26
23 .5

0

14

0

12
13

ÎI

- i

•I
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F igu re  4 .2  The mean percen tag e  g e rm in a t io n  o f  u n c h i l l e d  achenes s u b je c te d

to  d i f f e r e n t  a l t e r n a t i n g  tem p era tu re  regim es in  a 24h d iu r n a l

c y c le .  Counted a f t e r  18 c y c le s .

P e r c e n ta g e  G erm ina tion  

T rea tm en t  4 . 2 a .  T re a tm e n t  4 .2 b .

A l t e r n a t i n g  th e  Upper T em p era tu re  16h a t  th e  Upper T em pera tu re

T em pera tu re^  L ig h t  a t  t h e  Dark a t  th e  L ig h t  a t  t h e  Dark a t  th e
S e r i a l  i n  a  24h Upper Temp. Upper Temp. Upper Temp. Upper Temp.
Number d i u r n a l  c y c l e  R e p l i c a t e s  R e p l i c a t e s _______ Rep1 i c a t e s  R e p l i c a t e s

(1) 5°C/35*C 17 24 11 13 85 82 35 33
2 0 .5  12 83 .5  34

(2) 10°C/35°C 27 48 25 30 84 77 54 46
37 .5  27 .5  8 0 .5  50

(3) 15°C/35°C 6 6  53 43 32 91 91 54 55
5 9 .5  3 7 .5  91 54 .5

(4) 20°C/35°C 52 65 2 2  29 79 79 29 36
58 .5  25 .5  79 32 .5

(5) 25°C/35°C 53 62 20 21 67 85 39 38
57 .5  20 .5  76 33 .5

The mean p e r c e n ta g e  g e rm in a t io n  o f  u n c h i l l e d  achenes  k e p t  a t  

c o n s t a n t  t e m p e r a tu r e  o f  35®C. Counted a f t e r  18 c y c l e s .

35®C C ontinuous 8 h L ig h t /1 6 h  Dark 16h L i g h t / 8 h Dark 35®C
Dark a t  35®C a t  35®C C on tinuous  L ig h t

29 10 36 37 42 31 39 41

1 9 .5  3 6 .5  3 6 .5  40
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F ig u re  4 .5  E f fe c t  o f  d i f f e r e n t  p e r io d  o f  i l l u m in a t io n  a t  35°C (Upper

t e m p e ra tu re  p a r t  o f  t h e  c y c le )  i n  a 24h d i u r n a l  a l t e r n a t i n g  

t e m p e r a tu r e .  C ounted  a f t e r  14 c y c l e s .

P e r c e n ta g e  G erm in a t io n

G e rm in a t io n  C o n d i t io n s  

15°C /  35*C 35®C c o n s t a n t

L ig h t  P e r io d  
a t  35®C

L ig h t  g iv e n  a t  35*C C ontinuous  d a rk n e s s
R e p l i c a t e s _______ Mean R e p l i c a t e s _____ Mean R e p l i c a t e s  Mean

Oh - - - -* ■" - 25 17 17 1 9 .6 6

4h 2 0 19 16 1 8 .33 1 0 4 8 7 .3 3 33 41 30 34.66

8 h 48 49 44 47 15 1 2 19 1 5 .33 32 33 39 3 4 ,6 6

16h 69 65 73 69 27 29 27 28 40 44 39 41

2 0 h 64 6 8 71 6 8 28 36 27 30.33 44 39 41 41 .3 3

24h - - - — — _ - ». 36 41 44 40 .33

F ig u r e  4 .4  E f f e c t  o f  red u c e d  l i g h t  i n t e n s i t y  (40%) on t h e  g e r m in a t io n  o f

u n c h i l l e d  ach en es  a t  d i f f e r e n t  t e m p e r a t u r e s .  Counted a f t e r  10 c y c l e s

G e rm in a t io n  
Temp e r a t u r e / C o n d i t i o n s

P e r c e n ta g e G erm ina tion

40% i l l u m i n a t i o n  
R e p l i c a t e s  Mean

1 0 0 % i l l u m i n a t i o n  
R e p l i c a t e s  Mean

3 5 ®C C o n s ta n t  d a rk 14 26 16 18 .66 25 17 17 18 .33

16h L i g h t / 8 h Dark a t  
c o n t in u o u s  35®C 47 42 53 47 .33 40 44 39 41

35®C C on tinuous  L ig h t 51 52 50 51 36 41 44 40 .33

15°C(8h) dark/35®C(16h) d a rk  38 41 42 40.33 27 29 27 28 .00

15*C(8h) d a r k / 3 5 “C(16h) L ig h t  78 76 70 74 .66 69 65 73 69



F igu re  4 .5  E f f e c t  o f  l i g h t  re sp o n se  to  im b ib i t io n  on th e  g e rm in a t io n  o f

u n c h i l l e d  achenes a t  d i f f e r e n t  T em p era tu re s /C o n d it io n s .

Counted a f t e r  10 c y c le s .

IX

G e rm in a t io n I m b i b i t i o n  Time a t  15 C ( d a r k )  i n  Days

Temp e ra tu re /C o  nd i t i o n 0 0 .5 1 2 3 1 0

3 5 ®C (d a rk )  C o n s ta n t 13 19 16 18 19 19 18 17 13 15 7 2

1 6 .0 17 19 17 .5 14 4 .2

35®C ( l i g h t )  C o n s ta n t 33 50 41 43 37 46 47 48 30 38 2 2 14
4 1 .5 42 41. 5 47 .5 34 18

1 6 h ( l i g h t ) / 8 h ( d a r k ) 35 41 46 46 52 50 51 50 28 32 19 2 1

a t  35*C 38 46 51 SO .5 30 2 0

15*C(8h)Dark/35*C(16h) 1 2  2 1 38 38 46 42 48 38 20 29 1 0 1 2

Dark 16 .5 38 44 43 24.5 1 1

15°C (8h)D ark /35°C (16h) 57 4 5 70 6 8 71 6 6 63 6 8 50 52 30 32
L igh t 51 69 6 8 . 5 65 .5 51 31

F ig u r e  4 .6  Response o f  u n c h i l l e d  a c h en e s  t o  an  a l t e r n a t i n g  te m p e ra tu re  o f  

35®C/20®C w i th  l i g h t  i l l u m i n a t e d  a t  20°C f o r  8 h i n  a  24h d i u r n a l  

c y c l e .  Counted a f t e r  14 c y c l e s .

I m b ib i t io n  Time 
a t  35°C (dark)  

i n  hou rs

P e r c e n ta g e  

Dark T rea tm en ts  

R e p l i c a t e s ________ Mean

G erm ina tion

L ig h t  T rea tm en ts  

R e p l i c a t e s  Mean

2 19 25 2 1 2 1 . 6 6 79 75 78 77.33

4 2 1 2 0 30 23 .66 84 8 6 80 83.33

6 34 27 2 2 27 .66 78 72 74 7 4 .6 6

1 2 2 1 15 28 21 .33 78 79 79 7 8 .66

16 18 2 2 2 1 20 ,33 8 6 81 77 81 .33

24 26 2 1 2 0 22.33 79 72 78 76 .33

36 23 16 15 18 77 71 67 71 . 6 6



F igure  4 .7  E f f e c t  o f  24h d iu r n a l  c y c l i c  tem p era tu re  rhythm op th e

g e r m in a t io n  o f  u n c h i l l e d  achenes  a t  d i f f e r e n t  t e m p e r a t u r e s .  

Counted a f t e r  14 c y c l e s .

I m b i b i t io n  Time 
a t  15®C d a rk  

in  ho u rs

P a t t e r n  o f  Exposure  
from s t a r t  o f  

i m b i b i t i o n

15*C ( 8 h) /  35*C (16h)

P e rc e n ta g e

Dark a t  35®C 
R e p l i c a t e s  Mean

G erm in a t io n

L ig h t  a t  35*C 
R e p l i c a t e s  Mean

LT - HT - LT 

HT -  LT - HT

39 38 35

42 40 46

37 .33

4 2 .6 6

73 70 70 

6 6  65 58

71

63

24 LT - HT - LT 23 45 40 36 73 62 6 6 67

24 HT - LT - HT 52 43 36 44 53 6 8 60 60 ,33

35°C C o n s ta n t  T em pera tu re

I m b i b i t i o n  Time 
a t  15*C d a rk  

i n  h o u rs

P a t t e r n  o f  Exposure  
from s t a r t  o f  

i m b i b i t i o n

P e rc e n ta g e

Dark t r e a tm e n t  
R e p l i c a t e s  Mean

G e rm in a t io n

L ig h t  t r e a tm e n t  
R e p l i c a t e s  Mean

0 HT - LT -  HT 12 14 10 1 2 45 45 40 4 0 .3 3

24 LT - HT - LT 18 16 2 1 18 .33 45 46 45 4 5 .3 3

24 HT - LT - HT 12 14 10 1 2 34 58 50 47 .33

16h ( L ig h t )  /  8 h (Dark) a t  C o n s ta n t  35®C

I m b i b i t i o n  Time 
a t  15°C d a rk  

i n  h o u rs

P a t t e r n  o f  Exposure 
from s t a r t  o f  

i m b i b i t i o n

P e rc e n ta g e

16h L ig h t  /  8 h 
R e p l i c a t e s

G erm in a t io n

Dark a t  35*C 
Mean

0 HT -  LT - HT 46 50 48 48

24 LT - HT - LT 47 49 47 4 7 .6 6

24 HT - LT - HT 40 41 44 4 1 .6 6

L = L igh t T rea tm en t

D = Dark Trea tm en t

LT - HT - LT C y c lin g  s t a r t e d  from low te m p e ra tu re  t o  h ig h  and th e n  t o  low 
in  a  24h d i u r n a l  c y c l e .

HT - LT -  HT = C y c l in g  s t a r t e d  from h ig h  t e m p e ra tu re  t o  low and th e n  t o  h ig h  
i n  a  24h d i u r n a l  c y c l e .



XI

F ig u re  4 . 8  G e rm in a t io n  R esponse  o f  ach en es  im b ibed  a t  20®C (d a rk )  and  

i r r a d i a t e d  w i th  50 m in u te s  Red ( l i g h t )  R and s u b s e q u e n t ly
1

g e rm in a te d  a t 55®C and 2 0 °C d a rk .

I m b i b i t i o n  
Time a t  2 0 *C 

d a rk

30 m in u te s  
Red (R) l i g h t  
i r r a d i a t i o n

2 0 ° C d a rk  
R e p l i c a t e s

P e rc e n ta g e

G erm ina tion
Mean

G erm in a t io n

35°C d a rk  G e rm in a t io n  
R e p l i c a t e s  Mean

C o n t ro l - 0 0 0 17 17 17 II
4h R 0 0 0 32 19 2 5 .5  1

8 h If
0 0 0 40 33 3 6 .5  1 

1

16h If
0 0 0 40 35 3 7 .5  i !

24h It
1 0 0 .5 36 31 3 3 .5  1

36h ft
1 0 0 .5 34 33 3 3 .5  :

40h It
0 2 1 23 34

!
28 .5  I

48h It
0 0 0 2 2 25 23 .5  1

F ig u re  4 ,9 The p e r c e n ta g e  g e r m in a t io n r e s p o n s e  o f  u n c h i l le d -  achenes i r r a d i a t e d

w i th  d i f f e r e n t d u r â t ion o f R l i g h t  and g e rm in a te d  a t  35° C in  t h e  d a rk . .

D u r a t io n  o f  Exposure 
to  R i n  m inu tes

P e rc e n ta g e

Non- I r r a d i a te d  
R e p l i c a te s  Mean

G erm ina tion

30 m inu tes  R i r r a d i a t i o n  
R e p l i c a t e s _________ Mean

0 17 2 2 19 .5 17 2 2 19 .5

3 18 19 18 .5 28 23 25.5

5 2 0 2 0 2 0 30 31 30 .5

1 0 17 2 1 1 9 .0 40 47 4 3 .5

2 0 2 0 23 21 .5 38 40 39

30 18 2 1 19 .5 40 41 4 0 .5

60 2 0 15 17 .5 37 41 39
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F ig u re  4 .1 0 a^b . G erm ination  o f  u n c h i l l e d  achenes to  10 minutes i r r a d i a t i o n

o f  R, FR, R+FR, and R+FR+R a t  20°C and 35°C in  th e  d a rk .

P e rc e n ta g e  G e rm in a t io n

1 0  m in u te s  i r r a d i a t i o n 30 m in u tes  i r r a d i a t i o n

Type o f  I r r a d i a t i o n R e p l i c a t es Mean Repl i c a t e s Mean

C o n tro l 18 2 1 1 9 .5 15 23 19

R 40 50 45 39 43 41

PR 2 2 17 19 .5 13 14 1 3 .5

R+FR 2 2 18 2 0 14 20 17

R+FR+R 35 46 4 0 .5 31 30 3 0 .5

F ig u r e  4 .1 1  E f f e c t o f  d i f f e r e n t  f r e q u e n c ie s  o f  30 m in u tes  Red l i g h t t r e a tm e n t

on th e g e r m in a t io n  o f  u n c h i l l e d  achenes a t 3 5 °C (d a rk )  a f t e r  16h

i m b i b i t i o n  a t 20°C (da rk ) •
'

P e r c e n ta g e  G erm in a tio n

30 m inu tes  R Non- i r r a d i a t e d I r r a d i a t e d

i r r a d i a t i o n  = IR R e p l i c a t es Mean R e p l i c a te s Mean

1 X 30 m in u te s  R 1 2 19 15.5 41 27 34

2 X 30 m in u tes  R 15 15 15 37 36 3 6 .5

3 X 30 m inu tes  R 17 19 18 37 39 38

4 X 30 m in u te s  R 25 18 21 .5 47 33 40

Î



X III

F ig u re  4 .12 I n t e r a c t i o n  o f  a l t e r n a t i n g  tem p era tu re  w i th  10 m inutes R

i r r a d i a t i o n ,  and g e rm in a te d  a t  an  a l t e r n a t i n g  t e m p e ra tu re  o f  

20°C ( 8 h) R /  35°C (16h) : 1 c y c l e .

;>-
a#

T rea tm en t  
S e r i a l  T em pera tu re  °C/ 
Number C o n d i t io n s

1 0  m in u te s  
Red (R) l i g h t  

i r r a d i a t i o n

■i

P e r c e n ta g e  G erm in a t io n  

R e p l i c a t es Mean

1 20°C C on tinuous - 0 0 0

2 20°C " 1 X R 0 0 0

3 35°C " - 2 2 2 2 2 2

4 35°C " 1 X R 32 31 3 1 .5

5 1 C yc le  (20°C(8h)R/ 
35°C(16h)

- 1 2 1 .5

6 1 C ycle  ” 1 X R 6 9 7.5

7 3 C ycles  " - 9 7 8

8 3 " " 3 X R 41 33 37

9 6  " " _ 4 4 4

1 0 6  ” " 6 X R 57 48 52 .5

1 1 9 " " - 15 7 1 1

1 2 9 " " 9 X R ' 51 53 52

I

:

Î

' 7 - . = !
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F ig u r e  4 .1 3  I n t e r a c t i o n  o f  a l t e r n a t i n g  t e m p e r a tu r e  w i th  10 m in u tes  R o r  FR 

i r r a d i a t i o n  g iv e n  a t  d i f f e r e n t  p o i n t s  d u r in g  t r a n s f e r  t o  low er  

„ , o r  uppe r  t e m p e ra tu re  i n  a 24h d i u r n a l  c y c le  -  20°C (8 h ) /3 5 °C  (16h)

G e rm in a t io n  T e m p era tu re s /  
C o n d i t io n s

P o in t  and f re q u e n c y  o f  R 
o r  FR i r r a d i a t i o n

P e r c e n ta g e  G e rm in a t io n  
R e p l i c a t e s _________ Mean

35®C d a rk - 18 23 18 1 9 .6 6

11 II 10 m in u te s  R 27 2 2 30 26.33

ti II It 11 P R 7 13 14 11 .33

20°C (8h)/35°C C l6h) 18 18 28 21.33

II 4 X 10 m in u te s  R; 
b e f o r e  e v e ry  3 5 °C

R 76 62 6 6 6 8

II 4 X 10 m in u te s  R; 
a f t e r  e v e ry  35°C

R 49 61 65 58

II 4 X 10 m in u tes  R; R 
b e f o r e  8  a f t e r  ev e ry  35°C

62 64 58 61 .33

11 4 X 10 m in u te s  FR; 
b e f o r e  e v e ry  3 5 °C

FR 13 13 18 14 .66

II 4 X 10 m in u tes  FR; 
a f t e r  ev e ry  35°C

FR 17 2 1 19 19

II 4 X 10 m in u te s  FR; FR 18 23 13 18
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CHAPTER 5

F igu re  5.1 The mean p e rce n tag e  g e rm in a t io n  o f  achenes exposed to  D i f f e r e n t

Tem perature P re t re a tm e n t  f o r  d i f f e r e n t  p e r io d s  in  weeks and

germ inated  a t  d i f f e r e n t  te m p e ra tu re s .

P r e t r e a t m e n t  a t  4°C Dark 

G e rm in a t io n  T em pera tu res

P r e t r e a t m e n t  
Time a t  4°C 4°C 10°C 15°C .20°C 25°C 35°C

15°C(8h) V ia -  
Dark/35°C b i l i t y  

40°C (16h)D ark  T e s t

2 weeks 0 0 5 3 40 40 31 30 33 28 44 46 0 0 8 8  92
0 4 40 3 0 .5 3 0 .5 45 0 90 1 0 0

4 weeks 0 0 6  6 56 55 64 60 70 6 6 6 6  6 8 0 0 97 100
0 6 5 5 .5 62 6 8 67 0 9 8 .5 1 0 0

8 weeks 0 0 26 2 1 71 74 77 65 87 82 78 83 0 0 100 95
0 23 .5 7 2 .5 72 84.5 8 0 .5 0 9 7 .5 1 0 0

1 2 weeks 2 2 72 70 81 82 80 8 6 90 82 80 82 0 0 93 96
2 71 81 .5 83 8 6 81 0 94 .5 95

16 weeks 3 8 w iM. 87 85 _
3.5 8 6

24 weeks 18 18 _ - 94 94 98 96
18 94 97 1 0 0

P r e t r e a t m e n t  
Time a t  10°C

P r e t r e a t m e n t  a t  10°C Dark 

G e rm in a t io n  T em pera tu res

15®C(8h) V ia -  
Dark /35°C  b i l i t y

da rk 4"C 10°C 15 °C 2 0 °C 25° C 35° C 40°C (16h)D ark T e s t

2 weeks 0 0 0  0 8 2 3 7 6 1 2 36 46 0 0 64 63
0 0 5 5 9 41 0 63 .5 1 0 0

4 weeks 0 0 0  0 2 2 1 1 9 5 8 46 51 0 0 81 83
0 0 2 1 0 6 . 5 4 6 . 5 0 82 75

8 weeks 0 0 0  0 2 1 3 4 0 2 24 31 0 0 80 85
0 0 1 .5 3 .5 1 27. 5 0 82 .5 1 0 0

1 2 weeks 0 0 15 14 47 52 54 55 51 55 6 8 60 0 0 82 87
0 14 .5 49 .5 54 .5 53 64 0 84 .5 1 0 0

16 weeks 0 0 17 16 30 53 65 58 58 63 67 74 0 0 8 6  82
0 16 .5 41 .5 61 .5 60. 3 70 .5 0 84 1 0 0

24 weeks - 26 24 - 9 8 /1 0 0 / — - 0 0 9 6 /9 2 /

25
98

9 8 .6
92

93 .33 95



Figure  5.1 con td .

XVI

P r e t r e a t m e n t  
Time a t  15°C

d a rk  4°C

P re tre a tm e n t  a t  15°C Dark

G erm ination Temperatures

10°G 15°C 20°C 25°C 35°C

15°C(8h) V ia 4  
D ark/35°C  b i  l i t )  

40°C (16h)D ark  T e s t

2  weeks 0  0  0  0  0  0

0 0 0

4  weeks 0  0  0  0  0  0

0 0 0

8  weeks 0  0  0  0  0  0

0 0 0

1 2  weeks 0  0  0  0  0  0

0 0 0

24 weeks 0  0  0  0 0  0
0 0 0

0 0 0 0 9 12
0 0 1 0 .5

0  0  0  0  1 2  16
0 0 14

0 0 2 4 1 2
0 4 1-5

0 0 0 0 4 3
0 0 3 .5

0 0 0 0 16 7
0 0 1 1 .5

0 0 37 31
0 34 1001

0 0 41 36
0 3 8 .5  90

0  0  26 1 1

0 18 .5  85

0 0 14 9
0 11 .5  50

0 0 10 11
0 10 .5  75

P r e t r e a t m e n t  
Time a t  20°C

d a rk  4°C

P r e t r e a t m e n t  a t  20°C Dark 

G erm in a t io n  Tem pera tu res

10°C 15°C 20°C 25°C 35°C

15°C(8h) V ia -  
Dark/35°C b i l i t )  

4Q°C C16h)Dark T e s t

2  weeks 0  0

0

4 weeks 0 0
0

8  weeks 0  0

0

1 2  weeks 0  0

0

24 weeks 0 0
0

0 0 0 0 0 0 
0 0 0

0 0 0 0 0 0 
0 0 0

0 0 0 0 0 0 
0 0 0

0 0 0 0 0 0 
0 0 0

0 0 0 0 0 0 
0 0 0

0 0 4 5 0 0 10 11
0 4 .5  0 1 0 .5  100

0 0 20 12 0 0 28 ' 35
0 16 0 3 1 .5  75

0 0 5 2 0 0  11 6

0 3. 5 0 8. 5 80

0 0 0 0 0 0  1 0
0 0 0 0 . 5  60

0 0 4 2 0 0  0 2
0 3 0 1 70
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F ig u re  5.1 contd

P r e t r e a t m e n t  a t  25®C Dark

G e rm in a t io n  T em pera tu res

P r e t r e a t m e n t  15°C(8h)
Time a t  25®C Dark/35®C V i a b i l i t y

d a rk  4®C 10®C 15®C 20°C 25®C 35®C 40®C (16h)D ark  T e s t

2 weeks 0 0 0 0 0  0 0  0 0  0 8  7 0  0 29 36
0 0 0 0 0 7 ,5  0 3 2 .5  100

4 weeks 0 0 0  0 0  0 0  0 0  0 13 10 0 0 32 34
0 0 0 0 0 11 .5  0 33 75

8  weeks 0 0 0  0 0  0 0  0 0 0 3  3 0  0 31 31
0 0 0 0 0 3 0 31 100

1 2  weeks 0 0 0 0 0 0 0  0 0 0 0 0 0 0  0  0

0 0 0 0 0 0  0  0  80

24 weeks 0 0 0 0 0 0 0  0 0 0 1 2 0 0  1 0
0 0 0 0 0 1 .5  0 0 .5  63

F ig u re  5 .2  E f f e c t  o f  d i f f e r e n t  amounts o f  R o r  FR i r r a d i a t i o n  a f t e r  s t r a t i f i ­
c a t i o n  on th e  g e r m in a t io n  o f  achenes a t  20 C in  t h e  d a r k .

P r e t r e a t m e n t  I r r a d i a t i o n
Time a t  4®C 5 min 1 0 min 30 min; . 60 min. 5 min 1 0 min 3 0 .min 60 min C on tre]

d a rk R R R R PR FR FR FR

0.5  weeks 8 5 7 8 13 14 1 1 5 4 3 5 5 4 3 4 3 4 4
(3.5 7 .5 13,5 8 3. 5 5 3. 5 3. 5 IL

], week 6 8 1 0 14 13 17 14 1 1 4 3 4 5 5 4 3 5 4 5
7 1 2 15 12.5 3. 5 4 .5 8 . 5 4 4 ,.5

Ih weeks 17 2 2 15 17 17 13 2 0 29 8 1 0 8 1 0 9 1 1 8 7 1 0 6

19 .5 16 . 15 24 .5 9 9 1 0 7, 5 8

2 weeks 17 19 16 18 10 15 15 13 5 6 7 8 14 2 2 13 15 6 1 0

18 17 1 2 .5 14 5. 5 7 .5 18 14 8

3 weeks 18 2 1 18 27 28 29 29 24 16 16 2 2 15 16 1 0 2 0 26 17 16
19 .5 22 .5 28.5 26 .5 16 18 .5 13 23 16 .5

6 weeks 44 57 53 50 54 58 55 60 49 50 42 50 39 41 52 53 44 42
5 0 .5 5 1 .5 56 5 7 .5 49 .5 46 40 52. 3 43

1 2 weeks _ 6 ' 8  60 mm mm _ 6 8 60 _ 63 50
64 64 56..5

15 weeks _ 74 76 - _ _ 76 79 « 63 70
75 77. 5 6 6 ..5

2 0 weeks - 79 80 - ... - 82 81 64 74
79 .5 81 . 5 69
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F ig u re  5 .5  G erm ination re sp o n se  o f  8 weeks p r e t r e a t e d  ( c h i l l e d )  achenes a t

4°C to 30 m inutes R, FR, o r  R+FR and germ inated a t  20°C o r  35°C
in  th e  d a rk .

G e rm in a t io n  T re a tm e n ts
T em pera tu res  N o n - i r r a d i a t e d  30 m in u te s  R 30 m in u tes  FR 50 m in u te s  R+FR

20°C (da rk )  

35°C (d a rk )

F ig u r e  5 .4

G erm in a t io n
T e m p era tu re /

45 41 42 55 50 54 39 35 47
42% 53% 40%

35 36 30 49 51 40 33 33 33
34% 47( 33%

44 47 48
46%

40 35 38
38%

G e rm in a t io n  r e s p o n s e  o f  8  weeks p r e t r e a t e d  ( c h i l l e d )  a chenes  a t  

4°C to  30 m in u te s  R o r  FR i r r a d i 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 .

P e r c e n ta g e  G erm ina tion
C o n d i t io n s I r r a d i a t i o n  T rea tm en t R e p l i c a te s Mean

C o n s ta n t  20°C D None 44 50 58 5 0 ,66

It II R o n ly 6 6 6 8 62 65.33

II II FR o n ly 45 49 50 48

" 35*C D None 34 44 54 44

” 35°C D R on ly 40 60 60 53.33

" 35°C D FR o n ly 26 34 40 33.33

5 C yc les  o f  20°C
(16h)D/35°C(8h)D None 6 6 74 74 71 .33

II It 5 X R o n ly  
b e f o r e  t r a n s f e r  to  35°C 92 84. 94 90

II II
a f t e r

5 X R o n ly  
t r a n s f e r  to  3S°C 94 8 6 94 9 1 .33

It II 5 X FR o n ly 62 6 8 64b e f o r e t r a n s f e r  t o  35°C 6 6

II II
a f t e r

5 X FR o n ly  
t r a n s f e r  to  35°C 70 6 8 64 67

E:

I

I
I
E#

■I

Î

I
Ï'

eI
I

E " . ■■ '--- :
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F ig u r e  5 .5  E f f e c t  o f  S t r a t i f i c a t i o n  a t  4 °C f o r  8  weeks i n  gas  m ix tu re s  o f  

c a rb o n  d i o x id e  and n i t r o g e n .  Counted a f t e r  14 d a y s .

S t r a t i f i c a t i o n  
a tm o sp h e res  a t  4°C

P e r c e n ta g e  G e rm in a t io n  a t  20°C d a rk  

________ R e p l i c a t e s _______   Mean

A ir  ( C o n t ro l ) 60 6 8 60 6 2 .66

1 0 0  p e r c e n t  N2 84 81 92 8 5 .66

1  p e r c e n t  00^ /99  p e r c e n t  Ng 80 76 6 6 74

4 p e r c e n t  COu/Ob p e r c e n t  N„ 58 60 60 59 .33

F ig u r e  5 .6  G erm ina tion  r e s p o n s e  o f  d i f f e r e n t  h a r v e s t  (1981 /1982) t o  4°C and 

g e rm in a te d  a t  d i f f e r e n t  t e m p e r a t u r e s .

1981 HARVEST

S t r a t  i f i  c a t  io n  
P e r io d  a t  4°C G e rm in a t io n  T em pera tu res

(wks) 15°C Mean 20°C Mean 25°C Mean 35°C Mean

2 weeks 0 0 0 0 1 0 1 1.33 1 2 2 3 .33 6 7 9 14 . 6

4 weeks 0 0 0 0 3 9 8 13 .33 5 4 7 1 0 . 6 8 14 1 1 2 2

8 weeks 3 2 8 8 . 6 6 23 2 2 2 1 44 2 0 16 19 43 1 1 17 7 23

1 2 weeks 17 24 23 4 2 .6 34 31 36 67 38 26 34 65 33 25 36 62 .66

1982 HARVEST

S t r a t i f i c a t i o n  
P e r io d  a t  4°C

(wks) 15 °C Mean 2 0 °C Mean 25° C Mean 35 °C Mean

2 weeks 40 40 40 31 30 3 0 .5 33 28 30 .5 44 46 45

4 weeks 56 55 55 .5 64 60 62 70 6 6 6 8 6 6 6 8 67

8 weeks 71 74 72 .5 77 65 72 87 82 84 .5 78 83 8 0 .5

1 2 weeks 81 82 8 1 .5 80 8 6 83 90 82 8 6 80 82 81

I
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a-ÎAPTER 6

Tab le  6 ,1  The mean p e rce n tag e  g e rm in a t io n  o f  9 weeks c h i l l e d  achenes a t

4®C, then  exposed to  40®C f o r  d i f f e r e n t  tim es in  hours and

germ inated  a t  20°C in  th e  d a rk .

a .

Time a t  
40*C i n  

hours

P e r c e n ta g e  G erm ina tion

T re a tm e n t  A p p l ie d  During 40*C I n c u b a t io n

0 (H2 O) ImM GAg O.lmM K in e t in  30 m in u te s  R
R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean

0 57 63 60 57 6 8 6 2 .5 50 60 55 .5 70 85 77 .5

6 70 60 65 60 64 62 74 61 67 .5 70 72 71

1 2 57 49 53 67 58 6 2 .5 67 61 64 72 65 6 8 .5

24 40 40 40 54 6 6 60 72 70 71 60 62 61

36 45 52 48 .5 57 63 60 56 56 56 55 53 54

48 40 46 43 63 56 59 .5 67 52 59 .5 50 45 4 7 .5

72 25 25 25 43 38 4 0 .5 38 43 4 0 .5 36 34 35

40® C
0 0 0 0 0 0 0 0 0 0 0 0

b . P e r c e n ta g e  G erm in a tio n  

T rea tm en t  A p p l ie d  A f t e r  4 0 ‘f! I n c u b a t io n

0 57 63 60 50 60 55 .5 57 6 8 6 2 .5 70 85 7 7 .5

6 70 60 65 67 72 6 9 .5 67 6 8 6 7 .5 70 79 7 4 .5

1 2 57 49 53 77 64 7 0 .5 62 6 8 65 85 70 7 7 .5

24 40 40 40 58 57 57 .5 63 80 71 .5 61 61 61

36 45 52 48 .5 54 50 52 47 50 48 .5 60 60 60

48 40 46 43 50 47 4 8 .5 33 39 36 54 56 55

72 25 25 25 19 36 27 .5 32 28 30 2 2 28 25

40° C 
Constan t 0 0 0 0 0 0 0 0 0 0 0 0
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T ab le  6 .2

Exposure  
Time a t  
40®C i n  

hou rs

The mean p e rce n tag e  germ in a tio n  o f  12 weeks c h i l l e d  achenes a t

4®C, th e n  exposed t o  40®C (d a rk )  f o r  d i f f e r e n t  t im e s  in  h o u rs  in

GAg, k i n e t i n  o r  i r r a d i a t e d  w i th  Red l i g h t  and g e rm in a te d  in

d i s t i l l e d  w a te r  a t  20°C i n  t h e  d a rk .

P e r c e n ta g e  G erm in a t io n

T rea tm en t  A p p l ied  D uring 40°C I n c u b a t io n

0 CH2 O) IraM GA^ O.lmM K in e t in  30 m in u te s  R
R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean

0 71 80 75 .5 81 78 79 .5 70 78 74 80 87 8 3 .5

48 47 50 4 8 .5 85 81 83 61 64 6 2 .5 47 47 47

60 40 40 40 70 75 72 .5 60 55 5 7 .5 50 45 47 .5

72 37 38 37 .5 44 46 45 42 43 4 2 .5 34 42 38

T ab le  6 .3  The mean p e rc e n ta g e  g e r m in a t io n  o f  12 weeks c h i l l e d  ac h en e s  a t  

4°C, t h e n  exposed to  40°C f o r  d i f f e r e n t  t im es  i n  h o u rs  i n  GA^, 

k i n e t i n  o r  GAg+ k i n e t i n  and g e rm in a te d  in  d i s t i l l e d  w a te r  a t  

20®C ( d a r k ) .

Exposure  
Time a t  
40°C i n  
h o u r s

?

I

P e r c e n ta g e  G erm in a t io n

T rea tm en t  A p p l ied  D uring  40°C I n c u b a t io n

0 (H2 O) ImM G A O.lmM K in e t in  ImM GA„+O.lmM K in e t in
R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean

0 80 8 6 83 89 91 90 79 81 80 96 94 95

16 80 82 81 84 79 8 1 .5 85 74 79 .5 83 8 6 8 4 .5

30 81 80 80 .5 8 6 85 8 5 .5 84 SO 82 83 81 82

54 71 64 67 .5 74 70 72 78 76 77 71 73 72

72 57 52 54.5 6 6 64 65 80 78 79 60 69 6 4 .5

1 .

J!
6
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Table 6.3

b .

Exposure  
Time a t

The mean p e r c e n ta g e  g e r m in a t io n  o f  12 weeks c h i l l e d  a chen es  a t  

4®C, t h e n  exposed to  40®C (d a rk )  f o r  d i f f e r e n t  t im e  i n t e r v a l s  in  

hours  and g iv e n  a second  p e r io d  o f  s t r a t i f i c a t i o n  a t  4®C and 

s u b s e q u e n t ly  s u b j e c t e d  to  1 0  c y c le s  o f  a l t e r n a t i n g  t e m p e r a tu r e s  o f  

15®C (8 h ) /3 3  C (16h) i n  a  24h d i u r n a l  c y c l e .

P e r c e n ta g e

G e rm in a t io n

G erm in a t io n

C o n d i t io n s

4 wks a t  4®C->15®C(8h)D/ 
40*C i n  15®C(8h)D/35°C(16h)D 15®C(8h)D/35®C(16h)L 35®C(16h)D.

h o u rs  R e p l i c a t e s _______Mean R e p l i c a t e s _______Mean R e p l i c a t e s __________ Mean

0 93 97 95 96 1 0 0 98 94 1 0 0 97

16 8 8 84 8 6 90 89 8 9 .5 94 96 95

30 85 85 85 85 8 8 8 6 .5 89 8 8 8 8 .5

54 77 70 73 .5 85 8 6 85 .5 84 8 6 85

72 52 53 52 .5 54 59 56 .5 31 38 34 .5

T a b le  6 .4  The mean p e r c e n ta g e  g e r m in a t io n  o f  12 weeks c h i l l e d  ach en es  a t

4®G and th e n  k e p t  d ry  a t  room t e m p e ra tu re  (20*C i n  t h e  d a rk )  and 

s u b s e q u e n t ly  g e rm in a te d  a t  d i f f e r e n t  t e m p e r a t u r e s .

Exposure  
' P e r io d  
Kept d ry  
a t  2 0 ®C 
i n  d a rk

0  day 
( 0  h)

1  day 
(24 h)

3 dayg 
(72 h )

1 0  days 
(240 h )

P e r c e n ta g e

G e rm in a t io n

G erm ina tion

C o n d i t io n s

15°C(8h)D/ 15°C(8h)D/ 4°C f o r  4 wks
20*C Dark 35®C(16h)D 35®C(16h)L ^  20®C Dark

R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a te s  Mean R e p l i c a t e s  Mean

80 8 6 83 93 96 94 .5 98 97 97 .5 87 85 8 6

62 54 58 90 98 94 90 98 94 90 74 82

6 6 58 62 92 98 95 92 98 95 90 8 6 82

42 43 4 2 .5 87 82 84 .5 87 82 8 4 .5 72 8 8 80

a
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Table 6 .5  The p e rce n tag e  g e rm in a t io n  o f  achenes s t r a t i f i e d  a t  10°C (dark)

f o r  24 weeks and kep t d ry  a t  20°C (dark) f o r  20 d a y s .

P e rcen tage Germination

S e r i a l  Exposure P e r io d
Number G erm in a t io n  T e m p e ra tu re /C o n d i t io n  k e p t  d ry  a t  20*C R e p l i c a t e s  Mean I

%

I
1 20°C Dark 2 0  days 62 62 62 62

2 20®C Dark i n  O.lmM K in e t in ft 75 61 6 6 6 7 .33

3 20°C Dark i n  ImM GA^ •I 77 73 72 74

4 15°C (8h)D ark /35°C (1 6h)D ark 11 96 94 8 8 92 .6 6

5 15°C (8 h )D ark /3 5 °C (1 6 h )L ig h t 11 96 84 92 9 0 .6 6

6 20°C Dark “ 98 1 0 0 98 98 .6

7 15°C (8h)D ark /35°C ( 1 6h)Dark ~ 96 92 92 9 3 .33

F ig u re  6 .1  The mean p e r c e n ta g e  g e r m in a t io n  o f  achenes  s t o r e d  d ry  a t  -20*C 

(d a rk )  o r  35*C (d a rk )  and g e rm in a te d  a t  15®C(8h)/25°C(16h) i n  

a  24h d i u r n a l  c y c l e .

"s'

P e r c e n ta g e  G e rm in a t io n

a  b

15°C ( 8 h) /  25°C (16h) 3 5 °C C o n s ta n t  Dark

S to ra g e  -20°C S to ra g e  35°C S to ra g e  -20*C S to ra g e  35°C S to ra g e
P e r io d  Dark L ig h t  Dark Dark Dark Dark
i n  wks R e p l i c a t e s  R e p l i c a t e s  R e p l i c a t e s  R e p l i c a t e s  R e p l i c a t e s  R e p l i c a t e s

16

24

1 0
0 .5

0 1
0 .5

2 2
2

1 0
0 .5

5 2
3 .5

6  5
5 .5

11 15
13

13 10
11-5

13 8

1 0 .5

13 14
13 .5

30 28
29

26 26
26

28 26
27

33 38
35 .5

58 59
58 .5

54 50
52

19 19
19

5 11

21 23
22

18 25
21 .5

30 27
28 .5

28 2 2

25

25 33
29

48 49
4 8 .5

;

:
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Table 7 .4  The mean p e rce n tag e  g erm ina tion  o f  achenes s t r a t i f i e d  a t  4°C in
o r

F ig u r e  7 .3  

A.

P e r io d

GAg and g e rm in a te d  in  w a te r  a t  20°C in  th e  d a r k .

Counted a f t e r  14 d a y s .

P e r c e n ta g e  G erm ina tion  

S t r a t i f i c a t i o n  a t  4'*C i n  GA  ̂ and G erm ina tion  in  W ater

a t  4 '’C 
i n  wks

O.OlmM GA 
R e p l i c a te s  Mean

O.lmM GA 
R e p l i c a t e s ^Mean

ImM GA 
R e p l i c a te s Mean

0 (H O) 
R e p l i c a t e s Mean

2 2 2 24 23 2 1 19 2 0 2 1 19 2 0 6 1 0 8

4 19 23 2 1 16 14 15 31 23 27 15 18 1 6 .5

6 41 53 47 53 54 5 3 ,3 54 48 51 44 42 43

1 2 60 64 62 54 54 54 64 62 63 63 50 56 .5

15 75 6 8 71 .5 70 63 6 6 . 0 74 71 72 .5 63 70 66 .5

B.
S t r a t i f i c a t i o n a t 4°C i n GA3 . 30 m inu tes  R ->• Germinated in  Water

2 27 23 25 29 29 29 34 38 36 1 0 15 12 .5

4 35 35 35 32 34 33 46 54 50 27 25 2 6

6 65 55 60 57 65 61 63 60 61 .5 54 58 56

1 2 81 70 75 .5 79 80 7 9 .5 72 73 72 .5 6 8 60 64

15 74 76 75 67 78 72 .5 8 6 84 85 74 76 75

C.
S t r a t i f i c a t i o n  a t 4°C i n  GAg + 30 m in u te s  FR -> Germ inated in  W ater

2 25 25 25 24 23 23 .5 18 24 2 1 14 2 2 18

4 31 30 5 0 .5 28 32 30 36 40 38 29 31 30

6 47 43 45 53 52 52 .5 53 47 50 39 41 40

1 2 67 70 68 .5 6 6 6 8 67 67 63 65 65 65 65

15 62 62 62 6 8 6 8 6 8 72 72 72 76 79 77 .5

I

I

'  1
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Table 7 .5  
o r

F ig u re  7 .4

P e r io d  
a t  4°C

The mean p e rcen tage  g erm ina tion  o f  achenes s t r a t i f i e d  a t  4®C in

w ater  and germ inated ii
Counted a f t e r  14 d ays .
w a te r  and g e rm in a te d  in  GA  ̂ a t  20°C i n  t h e  d a r k .

P e r c e n ta g e  G e rm in a t io n  

S t r a t i f i c a t i o n  a t  4°C in  Water and G erm inated  in  GA,

O.OlmM GA O.lmM GA ImM GA, 0 (W ater)
in  wks R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean

2 2 0 28 24 25 24 24.5 19 19 19 6 1 0 8

4 33 42 37 .5 31 33 32 37 42 3 9 .5 15 18 1 6 .5

6 47 54 50 .5 56 55 55.5 55 57 56 44 42 43
1 2 79 78 78 .5 78 74 76 75 80 7 7 .5 63 50 56 .5

15 75 77 76 77 77 77 80 83 8 1 .5 63 70 66 .5

2 0 63 63 63 71 77 74 80 78 79 64 74 69

T ab le  7 . 6 The mean p e rc e n ta g e  g e rm in a t io n  o f  achenes s t r a t i f i e d a t  4°C i n
o r

F ig u re 7 .5 W ate r , t r a n s f e r r e d  to  g ro w th  r e t a r d a n t s  and g e rm in a te d  a t  2 0 ° C
i n  t h e d a r k . Counted a f t e r  14 d a y s .

P e rc e n ta g e G erm ina tion

P e r io d C o n c e n t r a t io n s  o f B995

a t  4°C 
in  wks

0.0625mM 
R e p l i c a t e s  Mean

0 .625mM 
R e p l i c a t e s Mean

6.25mM 
R e p l i c a te s Mean

0 (W ater) 
R e p l i c a t e s Mean

4 24 32 28, 23 25 24 2 2 26 24 15 1 2 13 .5
9 43 46 44.5 53 56 54 .5 51 50 5 0 .5 6 6 63 64 .5

1 2 6 8 71 69 .5 67 6 6 6 6 ,5 65 65 65 64 71 6 7 .5

P e r c e n ta g e G e rm in a t io n

P e r io d C o n c e n t r a t io n s  o f CGC

a t  4°C 
i n  wks

0.0633mM 
R e p l i c a t e s  Mean

0.633mM 
R e p l i c a te s Mean

6.33mM
R e p l i c a t e s Mean

0 (Water) 
R e p l i c a t e s Mean

4 27 17 2 2 17 2 1 19 19 25 2 2 15 1 2 13.5
9 65 56 60 .5 61 6 6 63 .5 39 35 37 6 6 63 64 .5

1 2 65 65 65 63 64 6 3 .5 76 63 6 9 .5 64 71 6 7 .5

■1:î

'I
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Table 7 .6  o r  F igu re  7 .5  con td .
XXVI

P e r io d

Percen tage  Germination

C o n cen tra t io n s  o f  AMO 1618

a t  4°C 
i n  wks

0.0279mM
R e p l ic a te s Mean

0 . 279mM 
R e p l i c a t e s  Mean

2.79mM 
R e p l i c a te s  Mean

0

Repl
' (W ater) 
i c a t e s  Mean

4 19 2 1 2 0 28 25 26 .5 13 25 19 15 12 13 .5
9 63 62 6 2 .5 6 8  64 6 6 57 52 54 .5 6 6 63 64 .5

1 2 64 6 8 6 6 69 65 67 67 59 63 64 71 6 7 .5

P e r c e n ta g e G erm ina tion

P e r io d C o n c e n t r a t i o n s  o f  Ancymidol

a t  4°C 0 . OOlmM O.OlmM 0 (Water)
i n  wks R e p l i c a te s Mean ■ R e p l i c a t e s Mean ‘ R e p l i c a te s Mean

4 2 0 24 2 2 2 1  2 2 21 .5  15 1 2 13.5
9 53 62 57 .5 47 55 51 6 6 63 64.5

1 2 67 77 71 .5 52 53 52 .5  64 71 67.5

T ab le  7 .7 The mean p e rc e n ta g e  g e rm in a t io n  o f  achenes  s t r a t i f i e d a t  4°C i n
o r

F ig u re 7 .5 grow th  r e t a r d a n t s  and  g e rm in a te d  in  w a te r  a t  2 0 ° C in t h e  d a r k .

P e rc e n ta g e G erm ina tion

P e r io d C o n c e n t r a t io n s  o f  B995

a t  4°C' 0,0625mM 0 .625mM 6.25mM 0 (W ater)
i n  wks R e p l i c a te s Mean R e p l i c a t e s  Mean R e p l i c a te s  Mean R e p l i c a t e s  Mean

4 18 13 15 .5 13 11 12 1 2  1 0  1 1 15 12 13 .5
9 50 53 51 .5 50 47 4 8 .5 53 41 47 6 6 63 64 .5

1 2 58 50 54 48 52 50 50 52 51 64 71 6 7 .5

P e rc e n ta g e G erm ina tion

P e r io d C o n c e n t r a t io n s  o f  CCC
a t  4°C 0.0633mM 0 . 633mM 6 . 33mM 0 (W ater)
in  wks R e p l i c a te s Mean R e p l i c a t e s  Mean R e p l i c a te s  Mean R e p l i c a te s  Mean

4 16 16 16 16 13 14 .5 18 2 0  19 15 12 13 .5
9 56 42 49 26 25 25 .5 32 39 3 5 .5 6 6 63 64 .5

1 2 46 57 4 8 .5 45 43 44 46 43 4 4 .5 64 71 67 .5

.

I
I
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T a b le  7 .7  
o r

F ig u re  7 .5  c o n td .

P e r io d  
a t  4°C 
i n  wks

P ercen tage  Germination
C on cen tra t io n s  o f  AMO 1618

0.0279mM 0.279mM 2.79mM 0 (W ater)
R e p l i c a te s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean R e p l i c a t e s  Mean

4 15 19 17 19 19 19 16 1 2 14 15 1 2 13.5

9 47 45 46 46 50 48 32 40 36 6 6 63 64 .5

1 2 37 33 35 30 37 3 3 .5 41 35 38 64 71 67 .5

P e r io d  
a t  4°C 0 .0 0 ImM

P e r c e n ta g e  G erm ina tion  

C o n c e n t r a t io n s  o f  Ancymidol 

0 .OlmM 0 (Water)
i n  wks R e p l i c a t e s Mean R e p l i c a t e s Mean Repl i c a t e s Mean

4 2 2 18 2 0 23 17 2 0 15 1 2 1 3 .5

9 55 56 55 .5 47 38 42 .5 6 6 63 64 .5

1 2 50 54 52 40 36 38 64 71 67 .5

■I

#
#

I«
.1 '
I

3

i
f

F ig u re  7 .1 The mean p e rc e n ta g e  g e rm in a t io n  o f  u n c h i l l e d  achenes  t r e a t e d  w i th  

exogenous e th y l e n e  ( E t h r e l )  and g e rm in a te d  a t  d i f f e r e n t  c o n d i t i o n s .  

Counted a f t e r  14 d a y s .

E th r e l  P e r c e n ta g e  G erm ina tion
c oncen -  25°C 15°C (8h)/25°C (16h)  35°C 15°C (8h)/35*C (16h)
t r a t i o n s  C o n s ta n t  L ig h t  a t  25°C C o n s ta n t  L ig h t  a t  35°C
i n  ppm_______L ig h t___ Dark______L igh t  Dark______L igh t  Dark L ig h t  Dark

0

100
( 0 . 1 m l/

1 0 0 0 ml)

1000
( 1 ml/
1 0 0 0 ml)

0 0 0 0 5 2 1 0 48 48 22 23 76 83 33 37

3 .5

6  3 0 0
4 .5  0

3 .5  0 .5 48 22 .5 79 .5  35

3 2 0 0 6  4 0 0 51 47 17 15 6 8  74 23 29
49 16 71 26

5 8  0 0 52 42 22 29 85 76 38 30
6 .5  0 47 25 .5  80 .5  34
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F igu re  7 .2  The mean p e rce n tag e  g erm ina tion  o f  u n c h i l l e d  achenes t r e a t e d

w ith  exogenous Nonanoic Acid (C9) and ge rm in a te d  un de r  d i f f e r e n t  

c o n d i t i o n s .  Counted a f t e r  14 d a y s .

Concen­
t r a t i o n  o f  
Nonanoic 
Acid (C9) ' 

i n  mM L ig h t  Dark

P e r c e n ta g e  G erm ina tion  

25°C 15°C (8h)/25°C (16h)  35°C

C o n s ta n t  L ig h t  a t  25°C C o n s ta n t
L igh t  Dark L igh t Dark

15°C (8h)/35°C (16h)

L ig h t  a t  3 5 °C 
L ig h t  Dark

0 (H O ) 7 9 10 O i l  19 27 16 4 0 4  48 48 56 18 22 19 85 77 83 28 28 32

8 .66 0.66 20 .66 2 .6 6  50.65 19 .66 81 .66 29.33

O.lmM 14 8 10 7 0 0 23 17 23 5 4 7 60 39 46 13 23 18 82 84 82 44 35 41

10.66  2 .33  21 5 .33  48 .33  18 8 2 .6 6  40

ImM 11 7 4 0 2 0 22 11 23 7 4 0 35 33 42 18 24 14 94 - 83 33 37 36

7 .33  0 .6 6  18 .6 6  3 .6 6  3 6 .66  1 8 .66  8 8 .5  35.33
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