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t h e  f o r m a t i o n  of new t u b e r s  on  t he  sprouts ,  wh ich  
d e m o n s t r a t e  t h e  i n c u b a t i o n  s t a t e  reached.  

Results and discussion. The  pe r iod  of i n c u b a t i o n  of 
t ube r s  fo rmed  oil b o t h  t e m p e r a t u r e s  are shown  in  t h e  
Table.  

T u b e r s  fo rmed  a t  27~ were classified in to  2 groups :  
n o r m a l  a n d  de fo rmed  t u b e r s  w i t h  seconda ry  growth .  
O b s e r v a t i o n s  were m a d e  periodical ly ,  m a i n t a i n i n g  t h e  
ve rmicu l i t e  h u m i d  a n d  check ing  t he  f o r m a t i o n  of l i t t l e  
t u b e r s  on  t h e  sprouts .  The  da t e  of t u b e r  f o r m a t i o n  was 
t a k e n  w h e n  on  t he  buds  of t he  sp rou t s  or on  rh izomes  
l i t t le  t u b e r s  of 3 m m  d i a m e t e r  a p p e a r e d  (Table).  

Th i s  would  d e m o n s t r a t e  t h a t  t h e  effect  of h igh  t e m -  
p e r a t u r e s  induces  a more  r ap id  i n c u b a t i o n  s t a t e  or 
accelera tes  t h e  process  of phys io log ica l  age of t h e  seed 
tubers .  

The  effect  of t h e  s t a t e  of i n c u b a t i o n  11,12 of t h e  seed 
t u b e r  a n d  sp rou t s  on  t u b e r  yie ld  has  been  s h o w n  b y  
t u b e r  g r o w t h  ana lys i s  curves.  P l a n t s  deve loped  f rom 
phys io logica l ly  old seeds are  weak,  e x h i b i t i n g  a poo r  
g r o w t h  a n d  yield.  

The  n o t i o n  of t h e  s t a t e  of i n c u b a t i o n  ref lects  more  
c lear ly  t h a n  phys io logica l  age t h e  capac i t y  of t h e  p o t a t o  
seed to  p roduce  h i g h  yields of p o t a t o  crops;  f u r t he r -  
more,  t h e  s t a t e  of i n c u b a t i o n  is also r e l a t e d  to  env i ron-  
m e n t a l  la-16 fac tors  ( t empera tu re ,  h u m i d i t y )  d u r i n g  
s torage  a n d  also i t  c an  be  def ined  b y  t h e  presence  of 
morpho log ica l  s t ruc tures .  T h e  g rea t  i n t r a -c lona l  v a r i a t i o n  
of t h e  yie ld  ~7, ~8 is n o t  on ly  due  to  chronologica l  age b u t  
also to o t h e r  fac tors  w h i c h  inf luence  t h e  physio logica l  
age of t h e  tubers .  

I t  can  be  conc luded  t h a t  t h e  eco-physiological  decl ine  
is o r ig ina t ed  because  of t h e  a l t e r a t i o n  of t h e  i n c u b a t i o n  
s t a t e  (physiological  age) b y  h a s t e n i n g  t h e  senescence of t he  
p l a n t s  t h r o u g h  h i g h  t e m p e r a t u r e s  d u r i n g  t h e  f o r m a t i o n  
of t u b e r s  t h a t  will  be  used  for seeds. 

Fig. 2. Tubers formed at 27~ after 33 days of initiation of tube- 
rization, a} Secondary tuber formation; b) norlnal tuber; c) tuber 
formed showing second growth. 

Resumen. E n  condic iones  especiales se indu jo  la 
fo rmac idn  de tubdrcu los  s in  follaje a t e m p e r a t u r a s  de 
20~ y 27~ Despuds  de la  b r o t a c i d n  se d e t e r m i n a  el 
e s t ado  de i n c u b a c i d n  de los tubdrcu los  fo rmados  a a m b a s  
t e m p e r a t u r a s .  Se concluye  que  la dec l inac idn  eco-fisiold- 
gica de los cu l t iva res  de p a p a  se debe  a la fo rmac idn  de 
los tubdrcu los  a a l t a s  t e m p e r a t u r a s .  Las  t e m p e r a t u r a s  de  
27 ~ i n d u c e n  u n  es t ado  de i n c u b a c i d n  (edad fisioldgica) 
avanzado .  
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Fig. 3. Tuber formed at 20 ~ after 33 days of initiation of tuberi- 
zation. Normal tubers were produced at this temperature. 
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Cell Wall Degradation in Senescing Tobacco Leaf Discs 

The  i n v o l v e m e n t  of h y d r o l y t i c  d e g r a d a t i o n  of cell wal l  
po lymers  in d e v e l o p m e n t a l  processes  such  as cell elon- 
gat ion,  senescence,  abscission,  a n d  cell fus ion ha s  been  
d e m o n s t r a t e d  in va r ious  in s t ances  ( s u m m a r y  in  MATILE 1). 
I n  t h e  case of cell e longat ion ,  t he  n o n  cellulosic poly-  
sacehar ides  seem to  be  chief ly  respons ib le  for t he  dyna -  
m i s m  of p l a n t  cell walls  ~. I n  con t ras t ,  t h e  su rpr i s ing ly  
ex tens ive  wal l  d e g r a d a t i o n  in t h e  senescing corol la  of 
Ipomoea tricolor obse rved  b y  WIEMKEN-GEI-IRIG 3 
compr ises  hemieel lu loses  as well  as (to a m i n o r  ex ten t )  
cellulose. I n  th i s  case, t he  d e g r a d a t i o n  of po lysacchar ides  
is m o s t  l ike ly  b r o u g h t  a b o u t  b y  a v a r i e t y  of hydro la ses  

whose  ac t iv i t i es  increase  cons ide rab ly  a t  t h e  onse t  of 
wi l t ing  *. I t  appea r s  t h a t  t h e  r ise of e n z y m e  ac t iv i t i e s  and  
t h e  c o n c o m i t a n t  lyr ic  even t s  r e p r e s e n t  p h e n o m e n a  of a 
precise ly  r egu la t ed  process  of senescence.  Indeed ,  t he  
h o r m o n a l  r egu la t ion  of one of t h e  hydro lases  poss ib ly  in- 
vo lved  iI1 wal l  m e t a b o l i s m  of senescing leaves,  a /~-l,3- 
glucanase,  has  r ecen t ly  been  inves t iga ted~.  I n  senesc ing  
leaf discs of Nicotiana glutinosa, i ts  a c t i v i t y  increases  
d r a m a t i c a l l y  in  t h e  course  of i n c u b a t i o n ;  however ,  t h e  
t r e a t m e n t  w i t h  abscis ic  acid, a senescence p r o m o t i n g  
ho~raone, r e su l t ed  in a m a r k e d l y  r ed u ced  a c t i v i t y  of 
glucanase.  Since t h e  co r re spond ing  changes  of wal l  con-  
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s t i t u e n t s  in  senesc ing  tobacco  leaf  discs h a v e  n o t  been  
de t e rmined ,  i t  seemed i m p o r t a n t  to  recover  t h i s  in  discs 
sub j ec t ed  to  h o r m o n e  t r e a t m e n t s  w h i c h  are k n o w n  to  
a l t e r  t h e  course  of ageing.  

M a t u r e  leaves  of Nicotiana tabacum (cu l t ivar  Alta) ,  
s imi la r  in  size a n d  colour,  were w a s h e d  w i t h  dist i l led 
water .  Discs (15 m m  in d iamete r )  were cu t  f rom t h e  
in t e rcos t a l  areas.  T h e y  were m i x e d  a n d  d iv ided  a t  r a n d o m  
in to  groups  of 24, which  were f loa ted  in P e t r i  d ishes  on 
e i t he r  d is t i l led  water ,  b e n z y l a d e n i n e  (BA, 10 -5 M )  or 
abscis ic  acid (A13A, 5 • 10-s M) .  T he  u p p e r  ep ide rmis  
of t h e  discs faced  t he  solut ion,  wh ich  was  changed  dai ly.  
T h e  i n c u b a t i o n  was car r ied  o u t  a t  27 ~ ill t h e  dark .  A t  
in te rva l s ,  samples  of 10 discs were col lected a n d  s to red  
a t  - 20  ~ Cell walls  were p r e p a r e d  b y  f i r s t  d i s i n t eg ra t i ng  
t he  discs in  a glass hom ogen i ze r  in  t h e  presence  of 0.5 M 
p h o s p h a t e  buf fe r  p H  7.0 s u p p l e m e n t e d  w i t h  10 m M  
ascorbic  acid a n d  0.5 % Tr i ton-x-100 .  Consecu t ive  
cen t r i f uga t i ons  (10 ra in  2 ,000•  a n d  resuspens ions  
(3 t i m e s  ill buffer ,  2 t i m e s  in dist .  wa te r )  y ie lded  a c rude  
p r e p a r a t i o n  whose  s t a r c h  c o n t e n t  was e l i m i n a t e d  upon  a 
t r e a t m e n t  w i t h  p a n c r e a t i c  amylase  (0 .02% amylase  in 
0.01 M p h o s p h a t e  buf fe r  p H  7.0; 2 h 37~ Af te r  
wash ings  in  buffer  and  dis t i l led  water ,  t h e  non-celIulosic  
po lysacchar ides  were e x t r a c t e d  w i t h  4 %  (w/v) K O H  
(3 consecu t ive  t r e a t m e n t s ,  each  a t  80 ~ for  15 rain).  The  
K O H - i n s o l u b l e  res idue  r ep re sen t ed  t he  cellulosic f rac t ion.  
Po lysaccha r ides  were e s t i m a t e d  us ing  t he  a n t h r o n e  
r eagen t  5, u ron ic  acids emp!oy ing  t he  carbazole  r eac t i on  6 

The  effect  of h o r m o n e  t r e a t m e n t s  on t h e  course of 
senescence appea r s  f rom t h e  F igure  A. As expected ,  t he  
t r e a t m e n t  w i t h  A B A  resul ted  in a n  acce le ra ted  ye l lowing 
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Effect of benzyladenine (BA) and abscisic acid (ABA) on seneseing 
tobacco leaf discs. Changes of chlorophyll content (A), noncellulosic 
cell waU polysaceharides (B), uronie acids present in the noneellulosic 
wall fraction (C) and cellulose (D). Each point represents the mean 
value of triplicate determinations. 

of t h e  discs as c o m p a r e d  w i t h  t he  in i t i a l ly  slow disap-  
pea rence  of ch lo rophy l l  in  t he  control .  I n  con t ras t ,  a 
m a r k e d l y  de layed  decrease  of ch lo rophy l l  charac te r i zes  
discs t r e a t e d  w i t h  t he  c y t o k i n i n  13A. These  f ind ings  are  
cons i s t en t  w i t h  t he  resul t s  r epo r t ed  f rom s imi la r  experi-  
m e n t s  w i t h  Nicotiana glutinosa 4. 

I n  t obacco  leaf  discs, senescence appea r s  to  be accom- 
p a n i e d  b y  conspicuous  changes  of c o n t e n t s  in  non-  
cellulosic wal l  cons t i t uen t s .  The  m o s t  p r o n o u n c e d  break-  
down  of these  po lysacchar ides  occurs  in t he  presence  of 
A B A :  a b o u t  50% of t he  1KOH-extrac table  wal l  f r ac t ion  
ha s  d i s appea red  a f t e r  7 days  of i n c u b a t i o n  (Figure  13 a n d  
C). Since t h e  cellulose c o n t e n t  is p rac t i ca l ly  c o n s t a n t  in  
t he  p resence  of ABA,  t h e  t o t a l  loss of cell wal l  mass  
a m o u n t s  to  a b o u t  40%.  In  con t ras t ,  t h e  t r e a t m e n t  w i t h  
13A no t  on ly  seems to  de lay  t h e  b r e a k d o w n  b u t  resu l t s  in a 
s l ight  ne t  increase  of hemicel lu loses  and  uron ic  acid 
c o n t e n t s  d u r i n g  t he  in i t i a l  p h a s e  of t he  expe r imen t .  
E v e n  t h e  c o n t e n t  of cellulose seems to  increase  s l igh t ly  
in  t he  presence  of cy tok in in .  

A p r e l i m i n a r y  a t t e m p t  to  cor re la te  t h e  obse rved  
d e g r a d a t i o n  of cell wal l  c o n s t i t u e n t s  w i t h  h y d r o l y t i c  
e n z y m e  ac t iv i t i es  p roduced  in t h e  senescing t i ssue  ha s  
y ie lded confus ing  resu l t s  so far.  Of t he  ac t iv i t i e s  t e s t ed  
in c rude  h o m o g e n a t e s  (~-glucosidase, ~-galactosidase,  
/3-xylosidase, ~- a n d  f i -mannos idase ;  p - n i t r o p h e n y l - s u b -  
s t ra tes)  increases  such  as obse rved  for f i -glucanase in  
Nicotiana glutinosa ~ or in  Ipomoea tricolor 3 did  n o t  
occur  or t he  ac t iv i t i es  were comple t e ly  absen t .  H i g h  
ac t iv i t i es  of fi-glucosidase and  c~-mannosidase p r e s e n t  in  
t he  e x t r a c t s  d id  no t  change  d r a m a t i c a l l y  in  t he  course 
of senescence.  I n  addi t ion ,  t he  lowest  of ~ -mannos idase  
ac t iv i t i es  were p re sen t  in  discs t r e a t ed  w i t h  A B A  in which  
t he  m o s t  p r o n o u n c e d  b r e a k d o w n  of hemicel lu loses  
occurred.  A s imi la r  effect  of A B A  on t h e  a c t i v i t y  of 
f l -glucanase ha s  b e e n  obse rved  in  Nicotiana glutinosa 4. 

E n z y m e  ac t iv i t i es  e s t i m a t e d  in c rude  h o m o g e n a t e s  do 
no t  necessar i ly  ref lect  t he  h y d r o l y t i c  p o t e n t i a l  p r e s e n t  
in  t he  cell walls. I n  t he  p r e sen t  s tudy ,  t h e  chromophor ic ,  
low molecu la r  we igh t  s u b s t r a t e s  of glycosidases  h a v e  
been  chosen  because  t h e y  al low one to  assess ex t ra -  a n d  
in t r ace l lu l a r  ac t iv i t i es  s epa ra t e ly  1. The  a p p a r e n t  l ack  of 
co r re l a t ion  be tween  po lysaccha r ide  d e g r a d a t i o n  a n d  t o t a l  
hydro lase  ac t iv i t i es  has,  therefore ,  to  be  r e e x a m i n e d  w i t h  
r ega rd  to  hydro la se  c o m p a r t m e n t a t i o n .  

Zusammen/assung. I n  a u s g e s t a n z t e n  B la t t s t f i cken  von  
Nicotiana labacum, welche ant W a s s e r  s c h w i m m e n d  
i n k u b i e r t  werden,  f inder  im Ver lau f  v o n  7 Tagen  ein 
be t r / t ch t l i cher  A b b a u  der  Hemize l lu lose  s ta r t .  Benzy l -  
a d e n i n  (10 .5 M) verz6ger t  den  A b b a u ,  Abscisins/~ure 
(5 • 10 -5 M) ve r s t / i rk t  ihn.  Der  G e h a l t  a n  Zellulose ver-  
~indert s ich im Ver lauf  der  A l t e r u n g  kaum:  
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