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Influence of Temperature During the Formation of Tubers in Relation with their Incubation 
State (Physiological  Age) and Seed Value 

I t  is well es tab l i shed  t h a t  po ta toes  grown unde r  h igh  
t e m p e r a t u r e s  show an ecological decline as a resul t  of 
physiological  response  to t he  growing condi t ions  of the  
tubers  t h a t  will be used la ter  as seeds. 

Research  ~,2 has  d e m o n s t r a t e d  t h a t  t ube r s  fo rmed  a t  
h igh t e m p e r a t u r e s  give a cons iderably  smal ler  yield t h a n  
p l an t s  f rom tuber s  deve loped  a t  low t empera tu r e .  
S tudies  8 carr ied out  in J a p a n  show t h a t  t he  decline of 
p roduc t iv i ty  of po t a to  crops is re la ted  to t he  physiolog-  
ical age of t he  seed tube r s  and  can be p r e v e n t e d  by  using 
tube r s  of the  p roper  age, of 4 to 6 m o n t h s  af ter  the  
harves t .  P o t a t o  crops grown in cool m o u n t a i n  4-~ areas  
produce  p lan ts  t h a t  yield more  t h a n  those  grown on plains.  
The shape,  qua l i ty  and  yield of 3 cul t ivars  s-~0 of tube r s  
were also af fec ted  by  h igh  soil t empera tu res .  

M a t e r i a l  a n d  method.  In  the  p resen t  p a p e r  the  effect  of 
t e m p e r a t u r e  dur ing tube r  fo rma t ion  w i thou t  foliage was 
s tudied.  A schemat ic  d iagram of the  procedure  is shown 
in Figure  1. Tubers  (cv  Ka tahd in )  ha rves t ed  in March 
1971 were kept  in ju te  sacks a t  low t e m p e r a t u r e  (2-4~ 
for 11 months .  On F e b r u a r y  1972 the  tubers  were t r ans -  
ferred to  wooden  t r ays  on h u m i d  vermicul i te  a t  room 
t e m p e r a t u r e  (20~ and  darkness .  At  th is  t ime  tube r s  
p resen ted  sprou ts  1 cm long and  w i t h  m a n y  branches .  
Af te r  10 days  the  shor t  sp rou ts  began  to  d i f fe ren t ia te  in to  
tubers .  The essay was s t a r t ed  a t  th is  t ime.  Wooden  t r ays  
wi th  50 tube r s  covered wi th  h u m i d  vermicul i te  were  
placed in cul ture  chamber s  a t  20 ~ and  27 ~ in darkness .  
Observa t ions  were  made  per iodical ly  checking t h e  forma-  
t ion of new tuber s  on the  sprouts .  Af te r  15 days  the  

developing tube r s  reached  a d iamete r  of 5 cm a t  20~ " 
whereas  the  tube r s  developed a t  27 ~ h a d  wider  d iamete r s ;  
some tuber s  showed deformat ions  and  secondary  growth.  
Af te r  1 week, t h e y  p roduced  secondary  tubers  (Figure 2). 
By  t h e  same da te  t he  t ube r s  a t  20~ showed normal  
g rowth  (Figure 3). On Apri l  20, 1972, 55 days  af ter  the  
e x p e r i m e n t  was  s ta r ted ,  the  tube r s  deve loped  a t  the  
2 t e m p e r a t u r e s  were harves ted .  

The tubers  of b o t h  var iables  were kep t  a t  room 
t e m p e r a t u r e  (20~ for sprout ing .  Tubers  began  to  
sp rou t  on Ju ly  21, 1972. On Augus t  23, t hey  all p resen ted  
sprou ts  1 cm in l eng th ;  no differences in t h e  sp rou t ing  
da t e  were observed;  only t h a t  the  tubers  fo rmed a t  27 ~ 
had  larger b ranch ing  sprou ts  t h a n  those  fo rmed  a t  20 ~ 

The tube r s  were now set  in wooden  t r ays  again, w i t h  
h u m i d  vermicul i te  in a room ch amb er  a t  20 ~ for checking 
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Fig. 1. Diagram showing the course of the essays. 

Determination of incubation time 
Harvest placed at 20~ (physiological age) 
for sprouting observation in both treatments 

in darkness 

Sprouting 

April 24.1972 August 25.1972 

Treatment ~ Incubation 

Beginning of 50 % of tubers 100 % of tubers 
tuberization with tuber formation with tuber formation 

Date No. days Date No. days Date No. days 

Tubers formed without foliage 
at 27 ~ with secondary growth 

Tubers formed without foliage 
at 27 ~ normal tubers 

Tubers formed without foliage 
at 20 ~ normal tubers 

20.10.1972 58 19.11.1972 88 15.12.1972 114 

20.10.1972 58 18.11.1972 87 15.12.1972 114 

26.11.1972 95 24.12.1972 123 10.1.1973 140 

Placed on incubation conditions on August 23, 1972 at 20 ~ and darkness. 
50% of the tubers formed at 27~ reached the state of incubation 36 days earlier than tubers developed at 20~ No differences in the state 
of incubation in tubers formed at 27 ~ in both normal and deformed, with secondary tuber, were observed. 
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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-  


