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B i o l o g i c a l  Act iv i ty  of  F r a c t i o n s  f r o m  E m b r y o  E x t r a c t s  of D u r u m  Wheat  at 
Dif ferent  P h a s e s  of R i p e n i n g  1 

Seed d o r m a n c y  is t he  consequence  of me tabo l i c  
obs t ruc t i on ,  w h i c h  becomes  es t ab l i shed  d u r i n g  r ipen ing  
a n d  can  be r e m o v e d  as t imes  go on, e i t he r  s p o n t a n e o u s l y  
or b y  t he  a c t i v i t y  of phys ica l  fac tors  such  as l igh t  or 
t e m p e r a t u r e .  

The  onse t  of seed g e r m i n a t i o n  is t he  r e su l t  of a complex  
series of p h e n o m e n a  cont ro l led  b y  h o r m o n e s  h a v i n g  
a n t a g o n i s t i c  ac t iv i ty~.  T he  p reva lence  of one of t h e m  
d e t e r m i n e s  t h e  b lock  or t he  a c t i v a t i o n  of processes  which  
lead to  t he  new seedling.  

The  seeds of d u rum w h e a t  are cha rac t e r i zed  b y  pa r t i a l  
d o r m a n c y :  some of t h e m  are a lways  capab le  of slow 
g e r m i n a t i o n  3 b u t  t he i r  g e r m i n a t i o n  ene rgy  var ies  in  
d e p e n d e n c e  on  r ipen ing  phase  of seed 4. HUBAC 5 found  
t h a t  t he  lack of g e r m i n a t i o n  in t he  un r ipe  caryopses  of 
Tr i t i cum cv. Fy lg ia  was  due  to  t he  p resence  of a h i g h  
c o n t e n t  of prol ine .  MELETTI 4 in Tr i t i cum cv. Cappell i  
f ound  t h a t  t he  g e r m i n a t i o n  i n h i b i t o r y  power  modi f ied  its 
loca t ion  in t h e  caryopsis  (embryo  or endosperm)  as a 
consequence  of r i pen ing  phase .  Moreover ,  subs t ances  
h a v i n g  depress ive  a c t i v i t y  on  g e r m i n a t i o n  were i so la ted  
f rom unr ipe  e n d o s p e r m s  of th i s  cu l t i va r  6, and  t h e i r  a c t i v i t y  
seems cor re la ted  w i t h  t he  a c t i v a t i n g  subs t ances  capab le  
of d i f fus ing w h e n  t he  seeds are al lowed to g e r m i n a t e  in 
w a t e r  4. 

I n  t he  p r e sen t  research,  t he  p r o b l e m  of chemica l  con-  
t ro l  of seed g e r m i n a t i o n  was a p p r o a c h e d  b y  cons ider ing  
t he  w h e a t  e m b r y o s  a t  d i f fe ren t  phases  of r i pen ing  as a 
tool  to  u n d e r s t a n d  t he  m e c h a n i s m  of h o r m o n a l  con t ro l  of 
t h e  seed d o r m a n c y .  The  a im was to revea l  t h e  presence  
of subs t ances  h a v i n g  regu la t ion  a c t i v i t y  on  g e r m i n a t i o n  
an d  g r o w t h  processes, and  to eva lua t e  t he i r  possible  
v a r i a t i o n  d u r i n g  and  a f te r  t he  seed r ipening.  

Materials  and  methods. U n r i p e  seeds of Tr i t i cum d u r u m  
cv. Cappell i  f rom p lan t s  of 1973 crop a t  d i f fe rent  phases  of 
r ipen ing  (milky-r ipe,  waxy-r ipe ,  ful ly-r ipe  2 and  af ter -  
r ipe seeds ( n o n - d o r m a n t  seeds, 10 m o n t h s  a f te r  ha rves t )  
were  ut i l ized.  The  em br yos  f rom seeds f ixed in m e t h a n o l  
a t  4 ~ were homogen ized  and  cen t r i fuged  3 t imes  a t  8000 
rpm.  The  s u p e r n a t a n t  was d r y  r educed  and  t he  res idue 
dissolved in w a t e r  (crude ex t rac t ) .  F r a c t i o n a t i o n  was 
car r ied  ou t  b y  S e p h a d e x  G 10 co lumn  e lu ted  b y  w a t e r  a t  
p H  6.5. The  f ract ions ,  de tec ted  a t  256 nm,  were ut i l ized 
for  biological  assays  a t  c o n c e n t r a t i o n  of 100 embryos /ml .  
G e r m i n a t i o n  assay  was pe r fo rmed  b y  seeds of Lactuca 
saliva cv G r e a t  Lakes  al lowed to  ge rmina te ,  in  t he  d a r k  a t  
23 ~ in p las t ic  dishes  (5 cm ~)  on p a p e r  mo i s t ened  w i t h  
1 ml  of f ract ions .  G e r m i n a t i o n  f r equency  was e v a l u a t e d  

a f te r  14, !8 and  24 h. H y p o c o t h y l  a n d  roo t  of Lactuca 
seedlings,  f rom seeds g rown on w a t e r  a t  23 ~ in t h e  d a r k  
for 36 h, were used as g r o w t h  bioassay.  The  seedlings,  
w i t h  3-5 m m  long roots ,  were al lowed to grow on 3 ml  
of f rac t ions  to  assay,  u n d e r  ar t i f ic ia l  l igh t  (3500 L u x  b y  
Leuci  d a y l i g h t  f luorescen t  tubes)  a t  28~ for 5 days.  3 
r epea t s  of 12 p l a n t s  for  each  f rac t ion  were pe r fo rmed .  The  
a c t i v i t y  of f rac t ions  was  compared  w i t h  so lu t ions  of 
abscissic  acid (ABA) a t  5 ppm,  of cis 4-cyclohexene-1,  2- 
d i c a r b o x y m i d e  (Cis4)S, 9 a t  5 p p m  and  of gibberel l ic  
acid (GAa) a t  1 • 10 -5 M.  

Results.  F r o m  the  c rude  e x t r a c t  of mi lky- r ipe  embryos ,  
9 f rac t ions  were isolated.  All f rac t ions  were seen to h a v e  
n e i t h e r  depress ing  n o r  s t i m u l a t i n g  effects on  ge rmina t ion .  
The  f rac t ions  2, 3, 4, 5, 8 and  9 ex ib i ted  a s t i m u l a t i n g  
effect  on h y p o c o t h y l  growth ,  wh ich  was s ign i f i can t ly  
h ighe r  t h a n  con t ro l  for t h e  f rac t ions  3 a n d  4. The  f rac t ions  
1-6 a n d  7 m o d e r a t e l y  depressed  h y p o c o t h y l  (Figure  2). 
The  effects on  roo t  g r o w t h  ind ica t ed  t h a t  the  f rac t ions ,  
excep t  t he  f r ac t ion  1 w h i c h  depressed g r o w t h  modera t e ly ,  
h a d  s t i m u l a t i n g  ac t iv i ty ,  ve ry  h igh  for f rac t ions  3, 4 a n d  
9 (Figure 3). 

F ive  f rac t ions  were i so la ted  f rom waxy- r ipe  embryos .  
The  f r ac t ions  2-5  p roduced  an  in i t ia l  depress ive  effect  on  
seed ge rmina t ion .  All t h e  f rac t ions  s t i m u l a t e d  h y p o c o t h y l  
g r o w t h  which,  for Seedlings t r e a t e d  w i t h  the  f rac t ions  
1, 2 a n d  5, o v e r t o o k  t he  con t ro l  ones, b u t  was  infer ior  to  
t he  h y p o c o t h y l  of p l a n t s  t r e a t e d  b y  GA 3 so lu t ion  (Figure 
2). On roo t  g rowth ,  all f r ac t ions  ex ib i ted  a s t rong  s t i m u l a t -  
ing effect, g r ea t e r  t h a n  GA 3 so lu t ion  (Figure  3). 

A m o n g  t he  7 f rac t ions  isola ted f rom ful ly-r ipe embryos ,  
the  f r ac t ion  3 h a d  a d ras t i c  depress ing  effect  on ge rmina -  
t ion  (Figure 1) : o the r  f rac t ions  a p p e a r  to  be  s imi lar  to  t h e  
con t ro l  in water .  The  h y p o c o t h y l  g r o w t h  was s t i m u l a t e d  
b y  all f ract ions ,  and  h igh ly  so b y  the  f rac t ions  3 and  6. 
The  f r ac t ion  3 is cha rac t e r i zed  b y  a s ign i f ican t  depress-  
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Fig. 1. Germination percentage of Lactuca seeds 
allowed to grow for 14, 18 and 24 h in the isolated 
fractions. 
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Fig. 2. Hypocothyl elongation of Lactuca seedlings sown in the isolated fractions. 
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Fig. 3. Root growth of Lactuca seedlings sown in the isolated fractions. 

Fully-ripe 

270- [~ 

22( 1 

201~ 

16C 

14C 

12s 

I0( 

6oJ 

1 2 3 4 5 6 7  ~ 
C" 

After-ripe 
160" 

140 ~ _ .  

l 120 L...J 
- 

100 [ ~  - 

80" 

1 2 3 4 5  ~ < ' ~  ~.~ 
D' o 



15.10. 1975 Specialia 1163 

ing a c t i v i t y  on roo t  g r o w t h :  the  o t h e r  f rac t ions  s t i m u l a t e  
more  t h a n  cont ro l s  (Figure  3). 

F r o m  the  a f te r - r ipe  embryos ,  5 f rac t ions  were i so la ted  : 
on ly  t he  f rac t ion  3 e x h i b i t e d  a m o d e r a t e  depress ing  effect  
on seed ge rmina t ion .  The  f ract ions ,  w h e n  assayed  on  
h y p o c o t h y l  growth ,  showed  a v e r y  h i g h  s t i m u l a t i n g  
a c t i v i t y  (s ignif icant  values)  b u t  lower t h a n  GA 8 so lu t ion  
(Figure 2). The  b ioas say  on  l e t tuce  roo t  showed  t h a t  t h e  
f r ac t ion  3 s t rong ly  depressed  whi le  o the r  f rac t ions  s t imul -  
a t ed  g r o w t h  (Figure 3). 

Discussion. The  b e h a v i o u r  of w h e a t  seed d u r i n g  r ipen-  
ing is the  r e su l t  of effects  caused  b y  g r o w t h  subs t ances  
which  are ac t ing  e i the r  on i ts  e m b r y o  or endosperm.  T h e i r  
r e la t ionsh ips  r egu la te  a lo t  of e n z y m a t i c  r eac t ions  which  
lead to t he  a c c u m u l a t i o n  of p h o t o s y n t h e t i c  p roduc ts ,  t h e  
u t i l i za t ion  of s torage  p roduc t s  and  seedl ing growth .  The  
resul t s  o b t a i n e d  con f i rm  t he  exis tence  of a va r i a t ion ,  
d u r i n g  t he  seed r ipening ,  in t he  r egu la t ion  c a p a c i t y  on  
seed g e r m i n a t i o n  and  g r o w t h  b y  the  embryos .  

I n  t he  mi lky- r ipe  embryos ,  no f rac t ion  which  depressed 
g e r m i n a t i o n  was de tec tab le .  On t he  con t ra ry ,  t h e y  con ta in  
subs t ances  wh ich  s t i m u l a t e  h y p o c o t h y l  and  roo t  g rowth .  
Yet ,  since these  subs t ances  a p p e a r  to  h a v e  s t i m u l a t i n g  
eff iciency lower  t h a n  t he  assayed  gibberel l in ,  b u t  are 
capab le  of i nduc ing  a s t rong  s t i m u l a t i n g  effect  on  the  roo t  
g rowth ,  t h e y  m i g h t  con t a i n  cy tok in in l ike  p roduc t s  ~~ 
However ,  a t  t h i s  r i pen ing  phase ,  the  w h e a t  caryopsis ,  
be ing  capab le  of ge rmina t ion ,  ex ib i t s  a reduced  seedling 
growth .  Since t he  lack of a de t ec t ab le  i n h i b i t o r y  a c t i v i t y  
in t he  e x t r a c t  f rom unr ipe  em br yos  was de tec ted ,  t h e y  
m a y  be unab le  to uti l ize s torage  p roduc t s  wh ich  are  
a c c u m u l a t i n g  n,  ~2. T he  w a x y - e m b r y o s  show some frac- 
t ions  ( the 2nd a n d  5th) wh ich  m o d e r a t e l y  depress  t h e  
in i t ia l  phases  of g e r m i n a t i o n  b u t  are capab le  of s t i m u l a t i n g  
t he  h y p o c o t h y l  e longat ion .  

I t  appea r s  t h a t ,  j u s t  before  t he  w h e a t  seeds a t t a i n  t h e i r  
m a x i m u m  d ry  weight ,  t he  em br yos  possess a lot  of s t imula -  
t ing  subs t ances  wh ich  are no t  opposed b y  o the r s  h a v i n g  
depress ing  effects. "When the  seeds reduce  t he i r  w a t e r  
con ten t ,  t h e  e m b r y o s  ex ib i t  a f rac t ion  ( the 3rd in the  
ful ly-r ipe seed) wh ich  depresses  the  seed g e r m i n a t i o n  and  
roo t  g r o w t h  b u t  is capab le  of h igh ly  s t i m u l a t i n g  t he  
h y p o c o t h y l  g r o w t h  wh ich  depends  p r inc ipa l ly  on d is ten-  
sion. As the  aux ins  r ap i d l y  d i s appea r  when  the  w h e a t  
gra ins  get  r ipe n , t h e  effects of the  f rac t ion  could be due  
to  the  re la t ive  c o n c e n t r a t i o n  of ac t ive  subs t ances  p re sen t  

in  it, g iv ing  d i f fe rent  or oppos i te  effects in  t he  assayed  
tes t s  la. 

The  presence  of g e r m i n a t i o n  depress ing  subs t ances  in  
t h e  d i f fusa tes  f rom e m b r o y s  d u r i n g  t he  r ipen ing  phases  
has  been  de tec ted  4 : s imi la r  subs t ances  do n o t  diffuse f rom 
the  endosperms .  F r o m  our  e x p e r i m e n t  i t  appea r s  t h a t  
t h e  capac i ty  to  depress  g e r m i n a t i o n  increases,  w h e n  t he  
seed is r ipening,  reachs  i ts  m a x i m u m  in t he  r ipe seeds 
a n d  decreases  du r ing  t he  a f te r  r i pen ing  phase.  

The  ge rmina t ion -dep res s ing  a c t i v i t y  of f rac t ion  3 f rom 
ful ly-r ipe  e m b r y o s  appea r s  to  be  s imi lar  to  specific 
i nh ib i to r s  l ike A B A  or Cis4. These,  on  t he  con t ra ry ,  
ex ib i t  a depress ing  a c t i v i t y  on  seedl ing roo t  growth ,  
lower  t h a n  t h a t  de t ec t ed  for t he  f r ac t ion  3. 

The  d i f fe ren t  and  oppos i te  effects  - s t i m u l a t i n g  or 
depress ing  - due  to the  f rac t ion  3 could be  the  consequence  
of t he  s imu l t aneous  presence of d i f fe ren t  ac t ive  p roduc t s  
in th i s  f rac t ion  which,  w h e n  i so la ted  f rom r ipe and  af te r -  
r ipe  embryos ,  a p p e a r  to  be t he  same.  A p r e l i m i n a r y  
i nves t i ga t i on  to i den t i fy  the  ac t ive  p r o d u c t s  b y  reagen ts  
for g ibbere l l ins  and  aux ins  did  n o t  show the  presence  of 
such  p r o m o t o r s  in t he  f rac t ion  3. Di f fe ren t  p rocedures  
are be ing  t r i ed  to  eva lua t e  t he  presence  of g r o w t h  sub-  
s tances  in these  ex t rac t s .  

Summary.  Bioassay  of f rac t ions  f r o m  w h e a t  e m b r y o s  
revea led  t h a t ,  a t  all r ipen ing  phases ,  t h e y  posses n a t u r a l  
subs t ances  wh ich  s t i m u l a t e  h y p o c o t h y l  growth.  The  fully- 
r ipe  and  t he  a f te r - r ipe  e m b r y o s  ex ib i t ed  a ve ry  effect ive 
f r ac t ion  for depress ing  seed g e r m i n a t i o n  and  seedl ing 
roo t  g rowth ;  t he  o t h e r  f rac t ions  s t i m u l a t e  roo t  growth .  
The  resul t s  are discussed in r e l a t i on  to c u r r e n t  h y p o t h e s e s  
of physiological  ba l ance  be tween  a n t a g o n i s t  g rowth  sub-  
s tances .  
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Coniferyl  Alcohol  f r o m  Callus of Castanea sativa 

I n  v i t ro  cu l tu re  is be ing  used increas ing ly  in s tudies  of 
t he  m e t a b o l i s m  a n d  morphogenes i s  of forest  t ree  species, 
b u t  l i t t le  ha s  been  done  on t he  Fagaceae .  Some a u t h o r s  1-~ 
r epo r t ed  ti le successful cu l tu re  of Quercus sp., Fagus 
sylvatica L. a n d  Castanea saliva Mill. cal lus f rom camb ia l  
t issue, b u t  none  of t h e m  m a d e  s tudies  of t he  m e t a b o l i s m  of 
t i le callus. 

W e  o b t a i n e d  cal lus t issue f rom co ty ledons  of Castanea 
saliva Mill. wh ich  h a v e  been  m a i n t a i n e d  in subcu l tu re  for  
a year.  Th i s  p a p e r  descr ibes  a chemica l  s t u d y  of exuda t e s  
wh ich  a p p e a r  on t h e  surface of callus in  the  course of t h e i r  
deve lopmen t ,  one c o m p o n e n t  of which  has  been  ident i f ied  
as coniferyl  alcohol.  

Material and methods. Callus t issue of Castanea sativa 
which  o r ig ina ted  f rom co ty ledon  t issue was sub -cu l tu r ed  
eve ry  7-8 weeks. 7 -mon th -o ld  s tock  t issue was  used for 
exper imen t s .  The  basa l  m e d i u m  c o n t a i n e d  t he  MURA- 
SHI6E and  S~OOG 5 inorgan ic  c o m p o n e n t s  p lus  benzy l -  

Cultured in vitro 

adenine ,  0.5 p p m ;  indo le -3 -bu ty r i c  acid, 1 p p m ;  m-inosi tol ,  
500 p p m ;  v i t a m i n  B1, 1 p p m ;  C a - p a n t o t h e n a t e ,  0.5 p p m ;  
sucrose, 3% w/v  a n d  0.7% agar .  I n  o the r  e x p e r i m e n t s  
k i n e t i n  (0.5 ppm),  b u t  no t  benzy laden ine ,  was added.  
The  p H  of t he  m e d i u m  was a d j u s t e d  to 5.6 before  au to-  
claving.  The  cu l tures  were g rown  a t  25~ in t he  dark.  
Fo r  his tological  s tud ies  t he  exp l an t s  were f ixed in F A A  
a n d  m i c r o t o m e  sect ions  were processed in t he  c o n v e n t i o n a l  
m a n n e r  us ing  sa f r an in - fa s t  f reen as t he  s tain.  Fo r  i n su r ing  
local iza t ion  of l ignified tissues, po lar ized  l igh t  mic roscopy  
was per formed.  
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