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Summary

This  t h e s i s  c o n ta in s  a d e s c r i p t i o n  and d i s c u s s io n  o f  work c a r r i e d  

ou t  t o  i n v e s t i g a t e  th e  use o f  i r r a d i a t i o n  a s  a means o f  i n h i b i t i n g  th e  

s p r o u t in g  o f  p o t a to e s  d u r in g  ex tended  s t o r a g e .  In  p a r t i c u l a r  sane  

em phasis  was pu t  on a com parison  between i r r a d i a t i o n  and th e  chem ical 

t r e a tm e n t s  c u r r e n t l y  used f o r  th e  c o n t r o l  o f  p o t a to  s p r o u t in g .

In  C hap te r  2 th e  r e l a t i o n s h i p  between i r r a d i a t i o n  dose and th e  

deg ree  o f  s p r o u t  i n h i b i t i o n  o b se rv ed  was i n v e s t i g a t e d .  The l o g i s t i c  

r e g r e s s i o n  te c h n iq u e  and l i n e a r  r e g r e s s i o n  o f  t h e  s q u a re  r o o t  o f  th e  

p e rc e n ta g e  s p r o u t in g  by w eigh t were found t o  be u s e f u l  in  m o d e l l in g  

th e  d o s e - i n h i b i t i o n  r e l a t i o n s h i p  f o r  two c u l t i v a r s ,  c v .  Record and cv . 

D e s i r e e .

I r r a d i a t i o n  t r e a tm e n t  h a s  been shown t o  cau se  i n c r e a s e s  i n  t h e  f r e e  

su g a r  c o n te n t s  o f  p o t a t o e s .  T h is  i s  o f  concern  a s  th e  p r o c e s s in g  o f  

p o t a to e s  w ith  h ig h  f r e e  su g a r  c o n te n t s  r e s u l t s  in  low q u a l i t y  

p r o d u c t s .  In  C hap te r  3 a s to r a g e  ex p e r im en t  was c a r r i e d  o u t  to  

compare th e  f r e e  su g a r  c o n te n t s  o f  i r r a d i a t e d  and c h e m ic a l ly  t r e a t e d  

p o t a t o e s .  The i n i t i a l l y  h igh  l e v e l s  o f  r e d u c in g  s u g a rs  and s u c ro s e  

o b se rv ed  i n  i r r a d i a t e d  p o ta to e s  when compared t o  c o n t r o l s  f e l l  

g r a d u a l ly  d u r in g  s t o r a g e .  A f t e r  a p p ro x im a te ly  5 months s to r a g e  a t  8°C 

th e  su g a r  l e v e l s  i n  i r r a d i a t e d  p o ta to e s  were com parable  w i th  c o n t r o l  

and c h e m ic a l ly  t r e a t e d  p o t a t o e s .  S e n e sce n t  sw ee ten in g  d id  no t  appear  

t o  be a c c e l e r a t e d  by i r r a d i a t i o n  t r e a tm e n t  a l th o u g h  some d i f f e r e n c e  in  

t h e  b e h a v io u r  o f  th e  two c u l t i v a r s  was n o te d .

In  C hap te r  4 th e  r a t e s  o f  w eigh t l o s s  from s p ro u t  su p p re sse d  

p o ta to e s  s to r e d  a t  8°C were i n v e s t i g a t e d .  I r r a d i a t e d  p o t a t o e s ,  

d e l i b e r a t e l y  wounded b e fo re  t r e a tm e n t ,  were found t o  l o s e  w a te r  a t  a

(vi)



g r e a t e r  r a t e  th an  c o n t r o l s .  Wounded p o ta to e s  t r e a t e d  w ith  

Chlorpropham o r  m e thano l,  a commonly used s o lv e n t  i n  t h e  a p p l i c a t i o n  

o f  Chlorpropham, were a l s o  found t o  l o s e  w eigh t more q u ic k ly  th an  

c o n t r o l s .  I r r a d i a t i o n  and Chlorpropham t r e a tm e n t  d id  n o t  a f f e c t  

w eight l o s s  from non-wounded p o ta to e s  cu red  a t  25°C b e fo re  t r e a tm e n t .  

T h is  s u g g e s t s  t h a t  i r r a d i a t i o n  and Chlorpropham t r e a tm e n t  a f f e c t  th e  

development o f  p o t a to  pe ride rm  a f t e r  h a r v e s t  and adds f u r t h e r  w e igh t  

t o  th e  recommendation t h a t  t h e i r  u se  shou ld  be de layed  u n t i l  a f t e r  

c u r in g  has  ta k e n  p l a c e .

A ttem pts i n  C hap ter  5 t o  m easure th e  e f f e c t  o f  t r e a tm e n t s  on p o ta to  

p e ride rm s  by i s o l a t i n g  p e r ide rm s  from t r e a t e d  t u b e r s  and m easuring  

t h e i r  p e r m e a b i l i t i e s  were i n c o n c lu s iv e .  I t  was found t h a t  t h e r e  was a 

g r e a t  d e a l  o f  v a r i a b i l i t y  i n  t h e  p e r m e a b i l i t i e s  measured in  p e r ide rm s  

i s o l a t e d  from t u b e r s  w i th in  a t r e a tm e n t  and a l s o  in  pe ride rm s  

i s o l a t e d  from i n d i v i d u a l  t u b e r s .  The v a r i a b i l i t y  o b se rved  was to o  

g r e a t  f o r  any e f f e c t  o f  t r e a tm e n t  on pe ride rm  p e r m e a b i l i t y  to  be 

d e t e c t e d .

The com bina tion  o f  i r r a d i a t i o n  and chem ica l  t r e a tm e n t s  i s  

a n t i c i p a t e d  i n  t h e  work c a r r i e d  ou t  i n  C hap ter  6. S o lu t io n s  o f  two 

s p ro u t  s u p p r e s s a n t s ,  Chlorpropham and T ecnazene , were i r r a d i a t e d  in  

m ethanol and hexane s o l u t i o n s  and t h e  r a t e s  o f  t h e i r  d e g ra d a t io n  in  

th e  two s o lv e n t s  m easured . Commercial f o rm u la t io n s  o f  Tecnazene were 

a l s o  i r r a d i a t e d  and th e  r a t e  o f  Tecnazene d e g ra d a t io n  i n  th e  

f o rm u la t io n s  a s s e s s e d .  The d i f f e r i n g  s e n s i t i v i t i e s  o f  th e  s p ro u t  

s u p p r e s s a n ts  t o  i r r a d i a t i o n  i n  th e  two s o lv e n t s  and i n  th e  

f o rm u la t io n s  a r e  d i s c u s s e d .  S e v e ra l  r a d i o l y t i c  p r o d u c ts  o f  

Chlorpropham and Tecnazene were obse rved  when s o l u t i o n s  were
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i r r a d i a t e d  w i th in  th e  0 - 5 0  kGy dose r a n g e .  The predom inant 

r a d i o l y t i c  p ro d u c t  o f  Chlorpropham in  m ethanol and hexane s o l u t i o n  was 

i d e n t i f i e d  a s  Propham and a p o s s ib l e  mechanism f o r  i t s  fo rm a t io n  i s  

s u g g e s te d .  The r e le v a n c e  o f  such s t u d i e s  t o  c u r r e n t  p o t a to  s to r a g e  

p r a c t i c e s  i s  d i s c u s s e d .

Recommendations f o r  f u r t h e r  work a r e  made in  C hap ter  7 and th e  

v i a b i l i t y  o f  th e  use  o f  i r r a d i a t i o n  a s  a means o f  s p r o u t  i n h i b i t i o n  in  

th e  U.K. i s  d i s c u s s e d .
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C hap ter  1

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

1.1 The need f o r  food i r r a d i a t i o n

On th e  2 1 s t  o f  June  1989 th e  M in i s t e r  o f  A g r i c u l t u r e ,  F i s h e r i e s  and 

Food, a t  t h a t  t im e  Mr. John MacGregor, announced in  t h e  House o f  

Commons th e  Government’ s i n t e n t i o n  o f  p e r m i t t i n g  th e  p r e p a r a t i o n  and 

s a l e  o f  i r r a d i a t e d  food i n  th e  U .K .. Much o f  t h e  c o n te n t io u s  d e b a te  

su rro u n d in g  th e  i n t r o d u c t i o n  o f  food  i r r a d i a t i o n  c e n t r e s  on w hether  

food t r e a t e d  i n  t h i s  way i s  wholesome and n u t r i t i o u s .  I r o n i c a l l y ,  in  

h i s  s ta te m e n t  t o  t h e  House, Mr. MacGregor j u s t i f i e d  l i f t i n g  th e  ban on 

i r r a d i a t e d  food a s  a means o f  im prov ing  food s a f e t y .  I n  h i s  s ta te m e n t  

Mr. MacGregor s a i d  t h a t ,  ’’i r r a d i a t i o n  h a s  a u s e f u l  c o n t r i b u t i o n  t o  

make . . .  t o  t h e  r e d u c t io n  o f  fo o d -b o rn e  d i s e a s e ” (Anon., 1989a).

Concern has  a r i s e n  ove r  t h e  i n c r e a s i n g  in c id e n c e  o f  b a c t e r i a l  

c o n ta m in a t io n  o f  some f o o d s ,  f o r  example, c o n ta m in a t io n  o f  eggs and 

p o u l t r y  w i th  S a lm one lla  sp p .  and v a r io u s  foods w ith  L i s t e r i a  s p p . .

Such co n cern  has  p rov ided  a t im e ly  o p p o r tu n i ty  f o r  p ro p o n en ts  o f  

i r r a d i a t i o n  t o  c a l l  f o r  i t s  i n t r o d u c t i o n ,  a s  i r r a d i a t i o n  has  been 

shown t o  be a b l e  t o  reduce  th e  b a c t e r i a l  c o n ta m in a t io n  o f  food .

C o n tro l  o f  S a lm one lla  c o n ta m in a t io n  o f  p o u l t r y  has  been dem o n s tra ted  

u s in g  doses  o f  a p p ro x im a te ly  5 kGy bu t a  com parable  r e d u c t io n  i n  eggs 

r e s u l t s  i n  u n a c c e p ta b le  o r g a n o l e p t i c  d e t e r i o r a t i o n  (U rba in ,  1986).

The p ro c e s s  o f  food i r r a d i a t i o n  can be d e f in e d  a s  t h e  exposure  o f  

food to  i o n i s i n g  r a d i a t i o n  to  a f f e c t  some change in  t h e  food . The 

o b j e c t  o f  t h i s  s tu d y ,  hcw ever, i s  n o t  t o  i n v e s t i g a t e  t h e  use  o f  

i r r a d i a t i o n  a s  a  s t e r i l i s a t i o n  o r  p a s t e u r i s a t i o n  te c h n iq u e .  Food
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i r r a d i a t i o n  can be used t o  induce  o t h e r  changes i n  fo o d s .  Amongst th e  

proposed  u ses  o f  food i r r a d i a t i o n  a r e ;  c o n t r o l  o f  m ic r o b ia l  s p o i l a g e ,  

i n a c t i v a t i o n  o f  p a th o g e n ic  o rg an ism s , i n s e c t  d i s i n f e s t a t i o n ,  d e la y  o f  

r i p e n i n g  and sen esc e n c e  o f  f r u i t s  and v e g e ta b le s  and i n h i b i t i o n  o f  

s p r o u t in g  o f  some v e g e t a b l e s .  E x c e l l e n t  rev ie w s  o f  th e  food  

i r r a d i a t i o n  p ro c e s s  and i t s  u s e s  have been p u b l is h e d  by Josephson  and 

P e te r s o n  (1983) and U rbain  (1986).

The c e n t r a l  theme o f  t h i s  t h e s i s  i s  th e  s tu d y  o f  sane  o f  th e  

consequences  o f  i r r a d i a t i n g  p o t a t o e s .  I r r a d i a t i o n  o f  p o t a to e s  has 

been shown to  be an e f f e c t i v e  method o f  s p ro u t  c o n t r o l  ( t h i s  e f f e c t  i s  

more f u l l y  d i s c u s s e d  in  C hap te r  2 ) .  C o n tro l  o f  s p r o u t in g  i s  r e q u i r e d  

when p o ta to e s  a r e  t o  be s to r e d  over  a p e r io d  o f  m onths. At p r e s e n t  

p o t a to  s p r o u t in g  i s  n o rm a l ly  c o n t r o l l e d  by th e  use  o f  s p ro u t  

s u p p re s s a n t  c h e m ic a ls .  Concern has  been e x p re s se d  t h a t  t h e  r e s i d u e s  

o f  s to r a g e  ch e m ica ls  i n  food  ought t o  be  reduced  where p o s s i b l e .  

I r r a d i a t i o n  t r e a tm e n t  h a s  been s u g g e s te d  a s  an a l t e r n a t i v e  t o  chem ica l  

s p ro u t  c o n t r o l  t r e a tm e n t s .

I f  i r r a d i a t i o n  t r e a tm e n t  i s  to  r e p l a c e  chem ica l  t r e a tm e n t  a s  a 

means o f  s p ro u t  c o n t r o l  a  com parison  o f  t h e  r e l a t i v e  m e r i t s  o f  th e  

t r e a tm e n t s  must be made. Some e lem en ts  o f  t h a t  com parison w i l l  

h o p e fu l ly  be made i n  t h i s  s t u d y .  I n  o rd e r  t o  make such a judgement i t  

i s  n e c e s s a ry  t o  f i r s t  d i s c u s s  th e  methods o f  s p ro u t  c o n t r o l  a v a i l a b l e  

a t  p r e s e n t .
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1.2 Methods o f  s p ro u t  s u p p re s s io n

In  most c o u n t r i e s  t h e  l i m i t a t i o n s  o f  th e  c l im a te  mean t h a t  a 

co n tin u o u s  growing season  i s  n o t  p o s s i b l e .  Crops must t h e r e f o r e  be 

s to r e d  from h a r v e s t  u n t i l  th e y  a r e  r e q u i r e d ,  o r  im ported  from o t h e r  

l o c a l i t i e s  w i th  d i f f e r e n t  growing s e a s o n s .  In  th e  U.K. p o t a to e s  a r e  

s to r e d  by th e  m a n u fa c tu re r s  o f  p ro c e s s e d  p o ta to  p ro d u c ts  d u r in g  th e  

p e r io d  between h a r v e s t s  i n  o r d e r  t o  avo id  p u rc h a s in g  more e x p e n s iv e  

im ported  produce .

During t h e s e  months o f  s to r a g e  l o s s e s  o c c u r .  One o f  th e  p r i n c i p a l  

c o n t r i b u t i o n s  t o  s to r a g e  lo s s e s  i s  th e  s p r o u t in g  o f  p o t a t o e s .  P o ta to  

s p r o u t s  r e p r e s e n t  a n  economic l o s s  a s  any w e ig h t  in  th e  s p ro u t  a t  th e  

t im e  o f  p r o c e s s in g  w i l l  be l o s t  when th e  p o t a to e s  a r e  trim m ed. 

A d d i t i o n a l l y ,  w a te r  l o s s ,  and hence w eigh t l o s s ,  i s  g r e a t e r  th rough  

s p ro u t  t i s s u e  th a n  th rough  th e  p o ta to  s k i n .  This  i s  d i s c u s s e d  in  

g r e a t e r  dep th  i n  C hap te r  4. These l o s s e s  a r e  im p o r ta n t  when t h e  f i n a l  

p ro ce s se d  p ro d u c t  i s  s o ld  by w e ig h t .

Such l o s s e s  have le d  t o  th e  development o f  s e v e r a l  methods f o r  

c o n t r o l l i n g  s p r o u t in g  d u r in g  s t o r a g e .  The methods o f  s p r o u t  c o n t r o l  

c u r r e n t l y  employed in c lu d e  th e  c o n t r o l  o f  s to r a g e  t e m p e ra tu re  o r  

s to r a g e  a tm osphe re ,  d i f f u s e  l i g h t  c o n t r o l ,  chem ica l  s p ro u t  i n h i b i t i o n  

and , in  s e v e r a l  c o u n t r i e s ,  i r r a d i a t i o n .
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1 .2 .1  I n h i b i t i o n  o f  s p r o u t in g  by th e  c o n t r o l  o f  s to r a g e  te m p e ra tu re

A f te r  h a r v e s t  p o t a to  t u b e r s  o f t e n  do no t  s p ro u t  im m ed ia te ly ,  th e y  

undergo a p e r io d  o f  dormancy. D e f in i t i o n s  o f  dormancy vary  bu t  i t  i s  

e s s e n t i a l l y  th e  p e r io d  o f  t im e between h a r v e s t  and th e  i n i t i a t i o n  o f  

s p ro u t  growth ( H a r r i s ,  1978). At s to r a g e  t e m p e ra tu re s  below 5°C th e  

b reak  o f  dormancy o f  p o t a to e s  and th e  su b seq u e n t  growth o f  s p r o u t s  

from them w i l l  be s low . Sprou t growth can t h e r e f o r e  be i n h i b i t e d  by 

th e  s to r a g e  o f  p o ta to e s  a t  low te m p e ra tu re s  t o  a  l e v e l  where i t  does 

n o t  r e p r e s e n t  a n  econom ica l ly  im p o r ta n t  l o s s .  (S to ra g e  te m p e ra tu re s  

below 0°c can r e s u l t  i n  damage due to  t h e  f r e e z i n g  o f  w a te r  w i th in  

p o t a t o e s ) .

S to ra g e  o f  p o t a to e s  a t  lew te m p e ra tu re s  has  some im p o r ta n t  

d i s a d v a n ta g e s .  R e f r i g e r a t i o n  o f  l a r g e  s t o r e s  i s  e x p e n s iv e .  A g r e a t  

d e a l  o f  work h a s  been c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  s to r a g e  

te m p e ra tu re  on th e  r e d u c in g  su g a r  c o n te n t  o f  p o t a to e s  and i t s  

i n f lu e n c e  on th e  q u a l i t y  o f  p ro c e s se d  p o t a t o  p r o d u c t s .  T h is  s u b je c t  

i s  d i s c u s s e d  more f u l l y  i n  C hap ter  3, however i t  can be s t a t e d  h e re  

t h a t  t h e  a d v e rs e  e f f e c t  o f  low s to r a g e  t e m p e ra tu re s  on s u g a r  c o n te n t s  

o f  s to r e d  p o ta to e s  i s  a m ajor drawback to  th e  use  o f  t e m p e ra tu re  

c o n t r o l l e d  s p ro u t  i n h i b i t i o n  in  long  term  s to r a g e .

1 .2 .2  I n h i b i t i o n  o f  s p r o u t in g  by th e  use  o f  d i f f u s e  l i g h t i n g

Exposure t o  l i g h t  i s  a  method w id e ly  used t o  c o n t r o l  t h e  s p r o u t in g  

o f  p o t a t o e s ,  p a r t i c u l a r l y  o f  seed  p o ta to e s  (S ho rt  and S h o t to n ,  1968; 

Nash, 1978; Bishop and Maunders, 1980; McGee e t  a l . , 1987). D i f fu s e  

l i g h t  s t o r a g e  i s  a u s e f u l  method o f  i n h i b i t i n g  th e  s p r o u t in g  o f  seed  

p o ta to e s  a s  i t  i s  r e v e r s i b l e .  On r e t u r n i n g  tu b e r s  whose s p r o u t in g  had 

been c o n t r o l l e d  by exposu re  t o  l i g h t  t o  d a rk  c o n d i t io n s  i t  was found
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t h a t  t h e  a b i l i t y  o f  th o s e  t u b e r s  t o  s p ro u t  had no t been pe rm anen tly  

im pa ired  by s to r a g e  i n  th e  l i g h t  (McGee e t  a l . , 1987). I t  i s  assumed 

t h a t  th e  e f f e c t  o f  l i g h t  on s p r o u t in g  i s  m edia ted  th ro u g h  t h e  

phytochrome system  ( H a r r i s ,  1978).

R e v e r s i b i l i t y  i s  an e s s e n t i a l  re q u i re m e n t  f o r  t e m p o r a r i ly  

i n h i b i t i n g  s p r o u t in g  in  th e  s to r a g e  o f  seed  p o ta to e s  as  seed  must be 

a b le  t o  grow norm ally  a f t e r  s t o r a g e .  However, when s t o r i n g  ware g rade  

p o ta to e s  t h e  a b i l i t y  t o  overcome any s p ro u t  i n h i b i t i o n  a t  a l a t e r  d a te  

i s  n o t  r e q u i r e d  and i n  f a c t  i s  a d i s t i n c t  d isa d v a n ta g e  as  com plete  

c o n t r o l  f o r  th e  d u r a t i o n  o f  s to r a g e  i s  th e  aim. C o n tro l  o f  th e  

s p r o u t in g  o f  ware p o t a to e s  u s in g  d i f f u s e  l i g h t  has f u r t h e r  

d i s a d v a n ta g e s .  To c o n t r o l  s p r o u t in g  by t h i s  method d i f f u s e  l i g h t  must 

f a l l  on a l l  o f  th e  p o ta to e s  t o  be i n h i b i t e d  ( i n  seed  s t o r e s  p o t a to e s  

a r e  l a i d  o u t  on t r a y s ) .  Th is  would r e q u i r e  a c o s t l y  r e - d e s ig n  o f  

s t o r e s  i f  t h e  method were t o  be a p p l i e d  t o  p o t a to e s  t o  be used  in  

p r o c e s s in g ,  r e s u l t i n g  i n  t h e  use  o f  much l a r g e r  s t o r e s .  The q u a n t i t y  

o f  p o t a to e s  t o  be s t o r e d  i n  t h i s  way i s  a l s o  much g r e a t e r  th a n  t h a t  

s to r e d  f o r  seed  and a d d i t i o n a l  h a n d l in g  c o s t s  would a l s o  be i n c u r r e d .

A f u r t h e r  problem caused  by th e  s to r a g e  o f  p o t a to e s  in  t h i s  way i s  

t h a t  exposure  o f  p o t a to e s  t o  l i g h t  has  been shown t o  s t i m u l a t e  t h e  

p ro d u c t io n  o f  c h lo r o p h y l l  and t h e  p o isonous  a l k a l o i d  s o la n in e  (B urton , 

1966). The p re s e n c e  o f  c h lo r o p h y l l  c a u se s  a marked g reen  

d i s c o l o u r a t i o n  in  p o t a to e s  making t h e  p o t a to e s  u n m ark e ta b le .  The 

consum ption o f  p o ta to e s  w i th  h ig h  s o la n in e  c o n te n t s  can cau se  a l k a l o i d  

p o is o n in g .  As seed  p o ta to e s  a r e  n o t  e a te n  th e  p re se n c e  o f  c h lo r o p h y l l  

and s o la n in e  i s  o f  no concern  i n  t h e  s to r a g e  o f  seed  p o ta to e s  by 

exposure  t o  d i f f u s e  l i g h t i n g .  They would, however, cause  g rav e
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problem s in  th e  m anu fac tu re  o f  p o t a to  p ro d u c ts  from ware p o t a to e s  

s to r e d  in  t h a t  way.

1 .2 .3  Chemical s p ro u t  s u p p re s s a n ts

A wide ran g e  o f  c h e m ica ls  have been i n v e s t i g a t e d  f o r  t h e i r  a b i l i t y  

t o  c o n t r o l  s p r o u t in g  ( D a l z i e l ,  1978; B everidge  e t  a l . , 1981a), however 

on ly  a few a r e  used co m m erc ia l ly .  The v a s t  bu lk  o f  p o t a to e s  whose 

s p r o u t in g  i s  i n h i b i t e d  c h e m ic a l ly  a r e  t r e a t e d  w ith  one o f  on ly  f o u r  

s p ro u t  s u p p r e s s a n t s ;  M ale ic  H ydrazide  (MH), Tecnazene (TCNB), 

Chlorpropham (CIPC) o r  Propham (IPC ).

M aleic  H ydrazide

M aleic  H ydrazide  ( 6 -h y d ro x y -3 (2 H )-p y r id a z in o n e )  i s  a c o l o u r l e s s

c r y s t a l l i n e  n o n - v o l a t i l e  m ono-basic  a c id  which i s  n o rm a l ly  fo rm u la ted

a s  i t s  d ie th a n o la m in e  o r  po tass ium  s a l t .  M ale ic  H ydrazide  i s

e x c e p t io n a l  w i th in  th e  group o f  chem ica l  s p ro u t  s u p p re s s a n ts  a s  i t  i s

a p p l i e d  t o  th e  growing p o ta to  p l a n t  i n  t h e  f i e l d  r a t h e r  th a n  d i r e c t l y

t o  t h e  h a rv e s te d  t u b e r s .  M ale ic  H ydrazide  i s  n o rm a l ly  a p p l i e d  a t  a
_ 1

r a t e  o f  a p p ro x im a te ly  4 kg h e c t a r e  . A p p l ic a t io n  o f  M ale ic  H ydrazide 

i s  c a r r i e d  o u t  a few weeks b e fo re  h a r v e s t  and th e  t im in g  o f  th e  

a p p l i c a t i o n  i s  o f  c r i t i c a l  im portance  i f  i t  i s  to  have th e  d e s i r e d  

e f f e c t  (Nash, 1978). M ale ic  H ydrazide  i s  ab so rb ed  th rough  th e  le a v e s  

o f  t h e  p o t a t o  p l a n t  and t r a n s l o c a t e d  v i a  t h e  xylem and phloem t o  th e  

t u b e r s .  W ith in  t u b e r s  M aleic  H ydrazide i s  th o u g h t  t o  c o n t r o l  

s p r o u t in g  by i n h i b i t i n g  c e l l  d i v i s i o n  i n  s p ro u t  t i s s u e  a s  i t  has  been 

shown t o  i n h i b i t  c e l l  d i v i s i o n  i n  o th e r  s p e c i e s  (Nooden, 1972). The 

mode o f  a c t i o n  o f  t h i s  chem ica l  i s  one o f  th e  co n c e rn s  which has  

l im i t e d  i t s  i n t r o d u c t i o n  a s  a p o t a t o  s p ro u t  s u p p re s s a n t  i n  th e  U .K .. 

T h is  a s p e c t  o f  chem ica l  s p ro u t  i n h i b i t i o n  w i l l  be d i s c u s s e d  l a t e r  i n
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t h e  t e x t .

As M ale ic  H ydrazide  i s  a p p l i e d  t o  t h e  f o l i a g e  o f  th e  p l a n t  t h e  

amount o f  t h e  chem ica l  r e a c h in g  t h e  s i t e  o f  a c t i o n  in  t h e  t u b e r s  i s  

dependent on th e  evenness  o f  a p p l i c a t i o n  o f  th e  ch em ica l  and an even 

d i s t r i b u t i o n  amongst th e  t u b e r s  o f  an i n d i v i d u a l  p l a n t  ( D a l z i e l ,

1978). To m a in ta in  even a p p l i c a t i o n  M aleic  H ydrazide  must be a p p l i e d  

under s t a b l e  c l i m a t i c  c o n d i t i o n s :  d r y ,  w in d le s s  c o n d i t io n s  a r e  

p r e f e r r e d  ( P e r l a s c a ,  1956).

S ta b le  c l i m a t i c  c o n d i t io n s  may o c c u r  a t  th e  a p p r o p r i a t e  p o in t  in  

t h e  growing se aso n  in  some p a r t s  o f  th e  w o r ld ,  f o r  example in  t h e  

U .S .A .,  however th e  v a r i a b l e  c o n d i t io n s  which p redom ina te  i n  t h e  U.K. 

s e v e r e ly  l i m i t  t h e  u s e f u ln e s s  o f  M aleic  H ydraz ide .  O ther  s p r o u t  

s u p p re s s a n t  c h em ica ls  have u n t i l  now been chosen  in  p r e f e re n c e  t o  

M ale ic  H ydrazide  f o r  t h i s  r e a s o n  in  t h e  U .K .. A r e s t r i c t e d  a c re a g e  

h a s ,  however, been approved f o r  M ale ic  H ydraz ide  a p p l i c a t i o n  a s  p a r t  

o f  a  r e c e n t  f e a s i b i l i t y  s tu d y ,  th e  r e s u l t s  o f  which shou ld  be o f  some 

i n t e r e s t  ( t'AcKe.nx.ve.j

Tecnazene

Tecnazene ( 1 , 2 , 4 ,5 - t e t r a c h l o r o - 3 - n i t r o b e n z e n e )  i s  a  c o l o u r l e s s

c r y s t a l l i n e  compound which i s  a p p r e c ia b ly  v o l a t i l e  a t  room

te m p e ra tu re .  Tecnazene was i n i t i a l l y  i n t r o d u c e d  a s  a  f u n g ic id e  f o r

th e  c o n t r o l  o f  Fusarium  sp p .  th e  c a u s a t iv e  a g e n t  o f  t h e  fu n g a l  dry  r o t

o f  p o t a t o e s .  I t s  s p ro u t  s u p p re s s a n t  p r o p e r t i e s  were s u b s e q u e n t ly
_ 1

observed  and an a p p l i c a t i o n  r a t e  o f  135 g tonne  p o t a t o e s  i s  

recommended f o r  s p ro u t  c o n t r o l  o f  bo th  ware and seed  p o t a t o e s ,  

a l th o u g h  i t  i s  a p p l i e d  t o  seed  p o ta to e s  nom ina lly  a s  a f u n g ic id e .
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I n c o r r e c t  u se  o f  Tecnazene on seed  p o ta to e s  can r e s u l t  i n  reduced  

y i e l d  and d e la y e d  em ergence. These e f f e c t s  can be m inim ised by 

c h i t t i n g  b e fo re  p l a n t i n g .  P o ta to e s  a r e  c h i t t e d  by l a y in g  them ou t  

under d i f f u s e  l i g h t i n g  on wooden t r a y s  i n  a w e l l  v e n t i l a t e d  s t o r e  a t  4 

-  12°C. This  i n i t i a t e s  s p ro u t  growth b u t  a l s o  en co u rag es  t h e  

fo rm a tio n  o f  th e  s h o r t  v ig o ro u s  s p r o u t s  r e q u i r e d  f o r  p l a n t i n g .

D a l z ie l  (1978) recommends a c h i t t i n g  p e r io d  o f  6 -  8 weeks a t  10°C to  

a l l e v i a t e  t h e  e f f e c t s  o f  Tecnazene by a l lo w in g  th e  chem ica l  to  

v o l a t i l i s e  i n t o  th e  a tm osphere .

Tecnazene i s  no rm ally  a p p l i e d  t o  p o t a to e s  a s  a d u s t  o r  g r a n u la r  

f o rm u la t io n  from which i t  i s  s lo w ly  r e l e a s e d .  The mode o f  a c t i o n  by 

which i t  i n h i b i t s  s p r o u t in g  i s  n o t  known. T ecnazene1s s p ro u t  

s u p p re s s a n t  e f f e c t  l a s t s  on ly  a s  long  a s  an e f f e c t i v e  c o n c e n t r a t i o n  o f  

th e  chem ica l  i s  i n  c o n ta c t  w i th  t h e  p o t a to  s p r o u t s .  Thus th e  l e n g t h  

o f  th e  s p ro u t  c o n t r o l  p e r io d  depends on th e  d e s ig n  of t h e  s t o r e  and 

the ra te  of v e n t i l a t i o n  from i t .  G e n e ra l ly  s p e ak in g  by th e  

b e g in n in g  o f  Jan u a ry  in  th e  U.K. s i g n i f i c a n t  s p ro u t  growth has 

o c c u r re d  on Tecnazene t r e a t e d  t u b e r s  and f u r t h e r  s t e p s  must be ta k e n  

t o  c o n t in u e  s p ro u t  i n h i b i t i o n  i n  ware s t o c k s .  The r e - a p p l i c a t i o n  o f  

Tecnazene would in v o lv e  c o s t l y  h a n d l in g  l o s s e s  and so a l t e r n a t i v e s  a r e  

u s u a l l y  so u g h t .  Commercial ware s to r a g e  reg im es  o f t e n  combine th e  

t r e a tm e n t  o f  p o t a to e s  a t  h a r v e s t  w i th  Tecnazene fo l lo w e d  by 

Chlorpropham/Propham t r e a tm e n t s  a t  a l a t e r  d a t e .

Propham and Chlorpropham

Propham ( i s o p r o p y l  pheny lca rbam ate )  and Chlorpropham ( i s o p r o p y l  

3 -c h lo ro p h en y lc a rb a m a te )  a r e  c r y s t a l l i n e  compounds of  a p p r e c i a b l e  

v o l a t i l i t y  a t  room te m p e ra tu re .  They were f i r s t  in t ro d u c e d  a s  members
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o f  t h e  pheny lca rbam ate  group o f  p re-em ergence  h e r b i c i d e s  and have

s u b s e q u e n t ly  been used  t o  i n h i b i t  s p r o u t in g  i n  p o t a to e s  (Sawyer and

D a l ly n ,  1956). T h e ir  u se  a s  s p ro u t  s u p p r e s s a n ts  has  been

review ed by Boyd (1 988 ) .  Propham i s  seldom a p p l i e d  i n d i v i d u a l l y ,

bu t  i s  used i n  some c o u n t r i e s  i n  a combined fo rm u la t io n  w i th

Chlorpropham. At t h e  p r e s e n t  t im e  Chlorpropham i s  th e  most commonly

used  s p ro u t  s u p p re s s a n t  i n  th e  s to r a g e  o f  p o t a to e s  f o r  p r o c e s s in g  i n

Europe. In  t h e  U.K. i t  i s  n o rm ally  a p p l i e d  a t  a r a t e  o f  between 10 
_ 1

and 30 g tonne  p o t a t o e s .

Chlorpropham i s  no rm ally  a p p l i e d  t o  p o ta to e s  a s  a fo g  d i s s o lv e d  in  

a s u i t a b l e  o rg a n ic  s o lv e n t  such a s  m ethanol o r  d ic h lo ro m e th a n e .  In  

some s t o r e s  Chlorpropham o r  Chlorpropham/Propham i s  a p p l i e d  in  a 

s i n g l e  d o se ,  i n  o t h e r s  i t  i s  a p p l i e d  i n  s e v e r a l  s m a l le r  doses  

th ro u g h o u t  t h e  s to r a g e  p e r io d .  S p ro u t in g  can be c o n t r o l l e d  f o r  th e  

f u l l  s to r a g e  p e r io d  r e q u i r e d  by p r o c e s s o r s  w i th  t h e  p ro v is o  t h a t  a 6 

week d e la y  i s  obse rved  between th e  f i n a l  dose and u s e .

Chlorpropham h as  been shown t o  i n h i b i t  t h e  norm al wound h e a l in g  

p ro c e s s  i n  p o t a to e s  a f t e r  h a r v e s t .  (T h is  s u b je c t  i s  cove red  in  

g r e a t e r  d e t a i l  in  C hap te r  4 ) .  For t h i s  r e a s o n  th e  a p p l i c a t i o n  o f  

Chlorpropham i s  f r e q u e n t l y  d e layed  so t h a t  wound h e a l i n g  can p roceed  

no rm a lly  and Tecnazene i s  o f t e n  a p p l i e d  a s  a combined f u n g ic id e  and 

s p ro u t  s u p p re s s a n t  f o r  t h e  i n i t i a l  p e r io d  o f  s to r a g e .

Chlorpropham i n h i b i t s  c e l l  d i v i s i o n ,  and hence s p r o u t i n g ,  by 

i n t e r f e r i n g  w ith  t h e  c o r r e c t  f u n c t io n  o f  m ic ro tu b u le  o r g a n i s a t i o n  

c e n t r e s  d u r in g  th e  d i v i s i o n  o f  c e l l s  ( O l iv e r  e t  a l . , 1978). Evidence 

f o r  s i m i l a r  e f f e c t s  caused  by Propham were found by H ep ler  and Jackson  

(1969).  As Chlorpropham and Propham have a l s o  been shown t o  a f f e c t
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th e  c e l l  d i v i s i o n  o f  human c e l l s  i n  v i t r o  (Timson, 1970) t h e r e  has  

been some c c n c e rn  t h a t  t h e  i n g e s t i o n  o f  t h e s e  c h em ica ls  th rough  th e  

consumption o f  p ro c e s se d  p o ta to  p ro d u c ts  may be harm fu l (Timson, 1970; 

O l iv e r  e t  a l . , 1978).

1 .2 .4  O ther  methods o f  s p ro u t  s u p p re s s io n

As s t a t e d  p r e v io u s ly  s e v e r a l  chem ica ls  have been s u g g e s te d  a s  

p o t e n t i a l  p o t a t o  s p ro u t  s u p p r e s s a n t s .  B everidge  e t  a l . ( 1981a) 

a s s e s s e d  th e  s p ro u t  i n h i b i t i n g  p r o p e r t i e s  o f  some 20 v o l a t i l e  

s u b s ta n c e s  t h e  most p ro m is in g  o f  which were b e n z o th ia z o le  and 1 ,4- 

d im e th y ln a p h th a le n e . I n v e s t i g a t i o n s  o f  t h e  s p ro u t  i n h i b i t i n g  

p r o p e r t i e s  o f  n a p h th a len e  d e r i v a t i v e s  h a s  been c a r r i e d  ou t  by s e v e r a l  

w orkers  (Hartmans and Van Es, 1986; Duncan, 1986; O’Hagan e t  a l . ,

1987; A s h a l l ,  1988). N aphtha lene  d e r i v a t i v e s  have th e  ad v an tag e  o f  

b e in g  n a t u r a l l y  produced by th e  p l a n t  i t s e l f ,  t h e i r  a p p l i c a t i o n  may be 

more a p p e a l in g  th an  th e  use  o f  nove l  o rg a n ic  ch e m ica ls  on fo o d .

C u rren t  advances  i n  th e  f i e l d  o f  p l a n t  b r e e d in g  may p ro v id e  

c u l t i v a r s  i n  th e  f u t u r e  w ith  low f r e e  s u g a r  c o n te n t s  a l lo w in g  s to r a g e  

o f  p o t a to e s  t o  t a k e  p la c e  a t  lower t e m p e ra tu re s  t h u s  e l i m i n a t i n g  th e  

need f o r  s p ro u t  s u p p re s s a n t  t r e a tm e n t s .  S tu d ie s  a r e  a l s o  b e in g  

c a r r i e d  o u t  t o  deve lop  c u l t i v a r s  w ith  long  dormancy p e r io d s  w ith  which 

s p r o u t in g  can be  avo ided  d u r in g  s t o r a g e ,  a l th o u g h  problem s may a r i s e  

i n  s t i m u l a t i n g  th e  growth o f  seed  p o ta to e s  o f  long  dormany c u l t i v a r s .

Another p o t e n t i a l  t e c h n iq u e  which may be used  f o r  t h e  i n h i b i t i o n  o f  

s p r o u t in g  i n  s to r e d  p o ta to e s  i s  th e  c o n t r o l  o f  th e  c o n te n t  o f  th e  

s t o r e  a tm o sp h e re .  I t  h a s  been found t h a t  a carbon  d io x id e  c o n te n t  o f  

g r e a t e r  th a n  15% o f  th e  s to r a g e  a tm osphere  a t  10°C i n h i b i t s  s p r o u t in g  

(B u r to n ,  1960). S p ro u t in g  i s  a l s o  i n h i b i t e d  by an in c r e a s e  i n  th e
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oxygen c o n te n t  o f  th e  s t o r e  a tm osphere  above t h e  normal a tm o sp h e r ic  

c o n te n t  a l th o u g h  in c r e a s e d  r o t t i n g  may o ccu r  a t  oxygen c o n te n t s  

g r e a t e r  th a n  50% a t  10°C (B ur ton , 1960).

The above t e c h n iq u e s  a r e  s t i l l  un d e rg o in g  developm ent and t h e r e f o r e  

any judgement o f  t h e i r  c a p a b i l i t i e s  must l i e  in  th e  f u t u r e .

1 .3  The e f f e c t  o f  i r r a d i a t i o n  t r e a tm e n t  on food

The fo l lo w in g  d i s c u s s io n  i s  a b r i e f  d e s c r i p t i o n  o f  how th e  exposu re  

t o  i o n i s i n g  r a d i a t i o n  can cause  changes i n  fo o d s  a t  th e  m o le c u la r  

l e v e l .  T h is  i s  a complex phenomenon and th e  t r e a tm e n t  t h a t  f o l lo w s  i s  

n o t  d e f i n i t i v e  b u t  i s  g iv en  a s  an i n t r o d u c t i o n  t o  t h e  s u b je c t  which i s  

covered  i n  g r e a t e r  d ep th  i n  Hughes (197 3 ) ,  Swallow (197 3 ) ,  E l i a s  and 

Cohen (1977 ),  E l i a s  and Cohen (1983 ),  Jo sephson  and P e te r s o n  (1983) 

and U rbain  (1986).

Three forms o f  i o n i s i n g  r a d i a t i o n  have been used t o  i r r a d i a t e  food;

x - r a y s ,  gamma r a y s  and h igh  speed  e l e c t r o n s  g e n e ra te d  by , f o r  example,

l i n e a r  e l e c t r o n  a c c e l e r a t o r s .  The most commonly used o f  th e s e  methods

i s  th e  exposure  o f  food t o  a s o u rc e  o f  gamma ra y s  such  a s  ^ C o  o r  

137Cs. The r a d i a t i o n  s o u rc e  used i n  t h e  ex p e r im e n ts  in  t h i s  s tu d y  was

^°Co. ^°Co i s  an e m i t t e r  o f  gamma pho tons  which can be th o ugh t  o f  a s

e le c t r o m a g n e t ic  waves, p a r t  o f  t h e  e le c t r o m a g n e t ic  sp e c tru m . Gamma

18r a y s  a r e  o f  v e ry  h igh  f re q u e n c y ,  >10 Hz, and a s  a consequence o f  

e q u a t io n  1.1 a r e  o f  h igh  e n e rg y .

E = h X f  ( e q u a t io n  1.1)

where E i s  t h e  energy  o f  an e le c t r o m a g n e t ic  wave, f  i s  i t s  

f re q u e n c y  and h i s  a u n i v e r s a l  c o n s ta n t  ( P l a n c k 's  c o n s t a n t ) .
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When food i s  exposed t o  a so u rc e  o f  gamma pho tons  one o f  two e v e n ts  

w i l l  o c c u r .  As m a t te r  i s  v e ry  l a r g e l y  open sp a c e ,  an i n d i v i d u a l  

photon may s im ply  p ass  th ro u g h  th e  food c a u s in g  no change. 

A l t e r n a t i v e l y  a photon may be a bso rbed  by i t s  i n t e r a c t i o n  w i th  a

c o n s t i t u e n t  atom o f  th e  fo o d . I f  a photon  i s  abso rbed  some o r  a l l  o f

i t s  energy  i s  t r a n s f e r r e d  t o  th e  atom w i th  which i t  i n t e r a c t s .

Three ty p e s  o f  ene rgy  t r a n s f e r  e f f e c t s  a r e  im p o r ta n t  i n  

i r r a d i a t i o n ;  th e  p h o t o e l e c t r i c  e f f e c t ,  t h e  Compton e f f e c t  and p a i r  

p r o d u c t io n .  The p h o t o e l e c t r i c  e f f e c t  o c c u r s  when a gamma pho ton  

i n t e r a c t s  w i th  an e l e c t r o n  in  an  atom o f  th e  fo o d . A ll  o f  th e  

p h o to n ’ s energy  i s  t r a n s f e r r e d  t o  th e  e l e c t r o n  which i s  th e n  e m i t te d  

a t  h igh  speed  from th e  atom. The Compton e f f e c t  o c c u rs  when a photon 

lo s e s  on ly  p a r t  o f  i t s  energy  t o  t h e  e l e c t r o n .  I t  r e s u l t s  i n  th e

e m iss io n  a t  h ig h  speed o f  t h e  e l e c t r o n  and th e  s c a t t e r i n g  o f  t h e  gamma

pho ton . P a i r  p ro d u c t io n  o c c u rs  when a gamma photon i s  abso rbed  n e a r  

t h e  n u c le u s  l o s i n g  a l l  o f  i t s  ene rgy  in  t h e  em iss io n  o f  an e l e c t r o n -  

p o s i t r o n  p a i r .  Photons e m i t te d  by a ^ C o  gamma ray  so u rc e  a r e  of  

e n e r g i e s  o f  1.17 and 1.33 MeV. For pho tons  o f  th e s e  e n e rg ie s  t h e  

p r i n c i p a l  mechanism f o r  th e  t r a n s f e r  o f  t h e i r  en e rg y  t o  food i s  by th e  

Compton p r o c e s s .

In  a l l  t h r e e  o f  th e  above p ro c e s s e s  t h e  a b s o r p t io n  o f  a gamma

photon  l e a d s  t o  t h e  t r a n s f e r  o f  energy  and th e  r e l e a s e  o f  a h ig h  speed

e l e c t r o n .  I t  i s  t h e s e  e l e c t r o n s  which c a u se  t h e  chem ical changes  i n

i r r a d i a t e d  fo o d .  High energy  e l e c t r o n s  a r e  a l s o  produced i n  food by

exposu re  t o  x - r a y s  and th e  u se  o f  l i n e a r  e l e c t r o n  a c c e l e r a t o r s ,  t h u s  

a l l  t h r e e  i r r a d i a t i o n  t e c h n iq u e s  r e l y  on th e  p ro d u c t io n  o f  h igh  speed 

e l e c t r o n s  w i t h in  food .
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High speed e l e c t r o n s  a r e  v e ry  r e a c t i v e  a s  they  a r e  o f  h igh  en e rg y  

and c a r r y  a n e g a t iv e  c h a rg e .  Any t a r g e t  m olecu le  t h a t  th ey  r e a c t  w i th  

may be changed i n  a number o f  ways. The t a r g e t  m o lecu le  may undergo a 

change in  r e a c t i v i t y  a s  i t  a b so rb s  t h e  energy o f  t h e  e l e c t r o n .  I t  

may, a l t e r n a t i v e l y ,  be broken down t o  form r a d i o l y t i c  p r o d u c t s .  Some 

p o s s ib l e  r e a c t i o n s  o f  h ig h  speed  e l e c t r o n s  w ith  t a r g e t  m o lecu le s  a r e  

shown below . ( M \ s  <\ ho \ecu\e^  ^  (V'A &

(1) C ap tu re  by p o s i t i v e  io n s

+  -  V *M + e -------- f  M ( e x c i t e d  s p e c ie s )

(2) C ap ture  by a n e u t r a l  m olecu le

M + e" --- > M"

(3) C ap ture  by a n e u t r a l  m o lecu le  and d i s s o c i a t i o n

M + e~ --------- ^  A + B- o r  A* + B* r a d i c a l s

Many o f  th e  s p e c i e s  produced by th e  r e a c t i o n s  o f  e l e c t r o n s  may 

th em se lv e s  r e a c t  f u r t h e r  r e s u l t i n g  in  many p o s s ib l e  end p r o d u c t s .  In  

p h y s i o l o g i c a l l y  a c t i v e  foods  such a s  p o t a to e s  t h e s e  r e a c t i o n s  can 

c ause  a l t e r a t i o n s  w i t h in  im p o r ta n t  b io ch e m ic a l  pa thw ays. I f  a g r e a t  

enough r a d i a t i o n  dose i s  r e c e iv e d  t h i s  may a l t e r  t h e  p ro g re s s  o f  

normal p h y s io l o g i c a l  p r o c e s s e s .  One example o f  t h i s  i s  th e  i n h i b i t i o n  

o f  normal s p r o u t in g  o f  p o ta to e s  a f t e r  e x posu re  t o  r a d i a t i o n .
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I r r a d i a t i o n  dose

When u s in g  r a d i a t i o n  t o  a l t e r  th e  b eh av io u r  o f  b i o l o g i c a l  sy s tem s, 

f o r  example when i r r a d i a t i n g  food t o  k i l l  b a c t e r i a  o r  i n h i b i t  

s p r o u t in g ,  i t  i s  im p o r ta n t  t o  q u a n t i f y  t h e  e x te n t  t o  which th e  

b i o l o g i c a l  system  h a s  been exposed t o  r a d i a t i o n  i n  o r d e r  to  d e te rm ine  

how l a r g e  th e  e f f e c t  o f  i r r a d i a t i o n  may be .  The e x te n t  o f  exposure  t o  

r a d i a t i o n  i s  d e f in e d  as  " r a d i a t i o n  d o se " .  The exposure  t o  i r r a d i a t i o n  

can be r e l a t e d  t o  th e  e f f e c t  o f  such exposure  by e x p re s s in g  " r a d i a t i o n  

dose"  a s  th e  number o f  ion  p a i r s  produced p e r  u n i t  mass o f  th e  sample 

i r r a d i a t e d .  An io n  p a i r  i s  s im ply  one p a i r  o f  charged  s p e c i e s  

produced by th e  a b s o r p t io n  o f  r a d i a t i o n  on a m olecule  o f  t h e  fo o d .

As th e  a v e ra g e  e n e rg y  r e q u i r e d  f o r  t h e  fo rm a t io n  o f  an ion  p a i r

does n o t  depend on th e  energy o f  t h e  r a d i a t i o n  u se d ,  th e  amount o f

energy  t r a n s f e r r e d  from r a d i a t i o n  t o  r e s u l t a n t  i o n i s a t i o n  i s  a l s o  a

measure o f  " r a d i a t i o n  dose"  term ed "abso rbed  d o se " .  T h is  i s  more

co n v e n ie n t  a s  i t  a v o id s  th e  measurement o f  th e  number o f  io n  p a i r s

p roduced . "Absorbed dose" i s  d e f in e d  a s  th e  q u a n t i t y  o f  energy

t r a n s f e r r e d  from t h e  i n c i d e n t  r a d i a t i o n  p e r  u n i t  mass o f  m a t e r i a l

exposed t o  t h e  r a d i a t i o n .  The S . I .  u n i t  o f  ab so rbed  dose i s  th e  Gray
_ 1

(Gy) which i s  e q u iv a l e n t  t o  th e  a b s o r p t io n  o f  1 J o u le  kg  . When th e  

word "dose"  h as  been used i n  t h i s  t h e s i s  i t  r e f e r s  t o  "abso rbed  dose" 

u n l e s s  s p e c i f i c a l l y  s t a t e d  o th e r w is e .  (O ther  u n i t s  f o r  ab so rb ed  dose 

a r e  s t i l l  used  and may a p p e ar  i n  o ld e r  l i t e r a t u r e .  The most commonly 

used  su p e rse d e d  u n i t  i s  th e  r a d .  1 r a d  i s  e q u iv a le n t  t o  0.01 Gy).

The g r e a t e r  t h e  a c t i v i t y  o f  a r a d i o a c t i v e  s o u rc e  th e  g r e a t e r  th e  

dose a sample w i l l  r e c e iv e  a t  a f ix e d  d i s t a n c e  from i t  i n  th e  same 

t im e .  That i s  t o  say  t h e  r a t e  o f  i r r a d i a t i o n  i s  g r e a t e r .  T h e re fo re  a
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q u a n t i t y  c a l l e d  dose r a t e  i s  d e f in e d  to  d e s c r ib e  t h e  r a t e  o f  energy  

t r a n s f e r  p e r  u n i t  t im e .  For example a t y p i c a l  dose r a t e  cou ld  be 2 .5  

kGy h ^ .

1.4 S prou t i n h i b i t i o n  by i r r a d i a t i o n  t r e a tm e n t

The a b i l i t y  o f  r a d i a t i o n  t o  i n h i b i t  t h e  s p r o u t in g  o f  p o t a to e s  has 

been known s in c e  th e  p io n e e r in g  work o f  Sparrow and C h r i s te n s e n  

(1954). This  e f f e c t  has  been th e  s u b je c t  o f  an e x c e l l e n t  and d e t a i l e d  

rev iew  by Matsuyama and Umeda (1983) and h a s  a l s o  been review ed by 

Burton  (1960 ),  Thomas (1984) and U rbain (1986). As th e  i r r a d i a t i o n  o f  

p o t a to e s  h a s  been s o  com prehensive ly  covered  in  an a c c e s s i b l e  form in  

th e  l i t e r a t u r e  i t  was th o u g h t  u n n e c essa ry  t o  r e p e a t  t h a t  rev iew  

p ro ced u re  h e r e .  T h e re fo re  i t  was d ec id ed  t o  summarise on ly  t h e  most 

im p o r ta n t  g e n e ra l  a s p e c t s  o f  t h e  p ro c e s s  in  t h i s  s e c t i o n  and to  

d i s c u s s  more f u l l y  t h e  s t u d i e s  c a r r i e d  ou t in  t h e  r e l e v a n t  r e s e a rc h  

f i e l d s  i n  th e  i n t r o d u c t i o n  s e c t i o n s  o f  each subsequen t  c h a p te r .

S e v e ra l  p o s s ib l e  mechanisms have been su g g e s te d  to  e x p la in  how 

s p r o u t in g  o f  p o t a to e s  i s  i n h i b i t e d  by i r r a d i a t i o n .

(1) The i n t e r r u p t i o n  o f  n u c le i c  a c id  s y n t h e s i s .

(2) D is ru p t io n  o f  e s s e n t i a l  p h o s p h o ry la t io n  r e a c t i o n s  in  

b io ch em ica l  pathw ays.

(3) The i n d u c t io n  o f  chromosomal a b e r a t i o n s  i n  th e  m e r i s t e m a t ic  

t i s s u e  o f  s p r o u t s .

(4) I n t e r f e r e n c e  o f  th e  s y n t h e s i s  o f  Auxins.

Each o f  th e s e  e f f e c t s  cou ld  a f f e c t  t h e  developm ent o f  normal 

s p r o u t s  and a l l  o f  th e  above p r o c e s s e s  have been obse rved  i n
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i r r a d i a t e d  p o t a t o e s .  I t  i s  u n c le a r  a t  th e  p r e s e n t  t im e which p ro c e s s  

i s  r e s p o n s i b l e  f o r  i n h i b i t i n g  s p r o u t i n g .  I t  i s  p o s s ib l e  t h a t  t h e  

r e s u l t  o f  any o r  a com bina tion  o f  a l l  o f  t h e  above e f f e c t s  may be t o  

i n h i b i t  s p r o u t in g .  Sane o f  th e s e  e f f e c t s  may i n  f a c t  be 

m a n i f e s t a t i o n s  o f  th e  same pr im ary  e f f e c t :  t h e  d i s r u p t i o n  o f  n u c le i c  

a c id  s t r u c t u r e  co u ld  le a d  t o  a l l  o f  t h e  above e f f e c t s .  F u r th e r  work 

i s  needed t o  d e te rm ine  th e  e x a c t  mechanism o f  s p ro u t  s u p p re s s io n .

A number o f  f a c t o r s  i n f lu e n c e  th e  e f f e c t i v e n e s s  o f  r a d i a t i o n  f o r  

s p ro u t  i n h i b i t i o n  th e  most im p o r ta n t  o f  which i s  th e  m agnitude o f  th e  

dose r e c e iv e d  by th e  p o t a t o e s .  Most w orkers  p u b l i s h  t h e  r a d i a t i o n  

dose r e q u i r e d  t o  co m p le te ly  i n h i b i t  s p r o u t in g ,  i n  most c a s e s  t h i s  i s  

i n  th e  ran g e  between 0 .05  -  0 .15  kGy. Indeed th e  minimum and maximum 

dose l i m i t s  s e t  by th e  U nited  S t a t e s  Food and Drug A d m in is t ra t io n  

(F .D .A .) a r e  0 .05  and 0 .15  kGy r e s p e c t i v e l y  (Matsuyama and Umeda, 

1983). Maximum and minimum doses  have to  b e  s e t  a s  due t o  th e  

a t t e n u a t i o n  o f  r a d i a t i o n  w ith  d i s t a n c e  from th e  s o u rc e  a sp read  o f  

doses  w i l l  be r e c e iv e d  by p o ta to e s  w i th in  one t r e a t e d  sam ple . The 

w id th  o f  th e  range  o f  doses  r e c e iv e d  w i l l  be  de te rm ined  by th e  

geom etry  o f  th e  r a d i a t i o n  s o u rc e  u se d .  One o b j e c t  o f  t h i s  t h e s i s ,  

d i s c u s s e d  i n  C hap ter  2, i s  t o  s tu d y  t h e  r e l a t i o n s h i p  between r a d i a t i o n  

dose and d eg ree  o f  s p ro u t  i n h i b i t i o n .

The dose r e q u i r e d  f o r  com plete  s p r o u t  i n h i b i t i o n  i s  in f lu e n c e d  by 

c u l t i v a r  and th e  dose r a t e  a t  which i r r a d i a t i o n  i s  c a r r i e d  o u t .  The 

dose r e q u i r e d  f o r  com ple te  s p ro u t  s u p p re s s io n  h a s  been shewn t o  be 

c u l t i v a r  dep en d en t .  T h is  i s  p e rh ap s  t o  be ex p ec ted  a s  t h e  v ig o u r  o f  

s p ro u t  growth h as  long  been known t o  be a f u n c t io n  o f  c u l t i v a r .

Optimum doses  t h e r e f o r e  need t o  be found f o r  each v a r i e t y  t o  be
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i r r a d i a t e d .  In  C hap ter  2 two c u l t i v a r s  commonly grcwn i n  th e  U.K. 

were s tu d i e d .

Lower doses  can be used t o  i n h i b i t  s p r o u t in g  i f  a h ig h e r  dose r a t e  

i s  used (M athur, 1963). The most e f f e c t i v e  r a t e  w i l l  b e  de te rm ined  by 

what i s  p o s s ib l e  w i th in  th e  o p e r a t in g  c o n s t r a i n t s  o f  each  p a r t i c u l a r  

i r r a d i a t i o n  p l a n t .  A s i n g l e  dose r a t e  was used i n  th e  ex p e r im en ts  

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

I r r a d i a t i o n  was found t o  be most e f f e c t i v e  when c a r r i e d  ou t  d u r in g  

th e  p e r io d  o f  dormancy o f  t h e  p o t a t o .

The p ro c e s s  o f  s p ro u t  i n h i b i t i o n  by i r r a d i a t i o n  t r e a tm e n t  i s  

i r r e v e r s i b l e  under normal s to r a g e  re g im e s ,  t h e r e f o r e  i t  o f f e r s  good 

long  term  s p r o u t  c o n t r o l .  ( In  s t u d i e s  t o  i n v e s t i g a t e  t h e  mechanism o f  

r a d i a t i o n  induced  s p r o u t  i n h i b i t i o n  Mathur (1961) h as  shown t h a t  

i n h i b i t i o n  can be r e v e r s e d  by t r e a tm e n t  o f  i r r a d i a t e d  t u b e r s  w ith  

G i b b e r e l l i c  a c id  a f t e r  i r r a d i a t i o n .  T h is ,  however, i s  no t  o f  

p r a c t i c a l  co n cern  i n  t h e  long  term  s to r a g e  o f  p o t a to e s  f o r  

p r o c e s s i n g ) . One f u r t h e r  i m p l i c a t i o n  o f  t h e  i r r e v e r s i b i l i t y  o f  

i r r a d i a t i o n  t r e a tm e n t  under normal s to r a g e  c o n d i t io n s  i s  t h a t  

i r r a d i a t e d  p o ta to e s  canno t l a t e r  be used a s  s e e d .

The te m p e ra tu re  o f  s to r a g e  o f  p o t a to e s  a f t e r  i r r a d i a t i o n  a t  a 

s p ro u t  i n h i b i t i n g  dose i s  n o t  o f  c r i t i c a l  im p o r ta n c e  t o  t h e  d e g re e  o f  

subsequen t  s p r o u t in g  (U rba in ,  1986). I r r a d i a t i o n  may t h e r e f o r e  a l lo w  

th e  s to r a g e  o f  p o ta to e s  a t  h ig h e r  t e m p e ra tu re s ,  a l th o u g h  t h i s  must be 

b a la n c e d  a g a i n s t  an i n c r e a s e  in  s to r a g e  d i s e a s e s  a t  h ig h e r  s to r a g e  

t e m p e ra tu re s .  In  a d d i t i o n  on ly  one s p ro u t  i n h i b i t i o n  t r e a tm e n t  i s  

n e c e s s a ry .

17



I r r a d i a t i o n  t r e a tm e n t  i s  no t  w i th o u t  d i s a d v a n ta g e s .  R a d ia t io n  

a f f e c t s  many b io ch em ica l  system s w i th in  p o t a t o e s ,  seme o f  them to  th e  

d e tr im e n t  o f  t h e  q u a l i t y  o f  th e  s to r e d  p o t a t o .  I n c r e a s e s  i n  suga r  

c o n te n t s  have been r e p o r t e d .  The s e v e r i t y  o f  s to r a g e  l o s s e s  caused  by 

r o t t i n g  d u r in g  s to r a g e  a r e  a l s o  g r e a t e r  i n  i r r a d i a t e d  p o t a t o e s .  These 

problem s a r e  t h e  s u b je c t s  o f  i n v e s t i g a t i o n  i n  C h a p te rs  3 and 4 

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

I r r a d i a t i o n  h a s  been im p l ic a te d  a s  a  cause  o f  d i s c o l o u r a t i o n  in  

b o th  raw and cooked p o t a t o e s .  A lthough much work has  been done in  

t h i s  f i e l d  t h e  r e s u l t s  a r e  o f t e n  v a r i a b l e  and sometimes c o n t r a d i c t o r y .  

The r e a s o n  why d i s c o l o u r a t i o n  may be  observed  on one o c c a s io n  and n o t  

a n o th e r  i s  p robab ly  because  o f  th e  n a t u r a l  v a r i a b i l i t y  i n  th e  chem ica l  

c o n te n t  o f  p o t a to e s  between s e a s o n s ,  l o c a t io n s  and c u l t i v a r s .  This 

c o m p l ic a te s  th e  i n v e s t i g a t i o n  o f  what seems t o  be a r e a l  e f f e c t  o f  

i r r a d i a t i o n  t r e a tm e n t .

While o th e r  d is a d v a n ta g e s  o f  i r r a d i a t i o n  t r e a tm e n t  do  e x i s t ,  such 

a s  a  r e d u c t io n  in  t h e  c o n te n t  o f  some v i t a m in s ,  e f f e c t i v e  c o n t r o l  o f  

s p r o u t in g  can by ach ieved  by t h i s  method.

1 .5  The s a f e t y  o f  s p r o u t  s u p p re s s io n  methods

One m o t iv a t io n  f o r  r e p l a c i n g  chem ica l  s p ro u t  c o n t r o l  by i r r a d i a t i o n  

t r e a tm e n t  i s  t o  remove th e  need f o r  th e  use  o f  p o t e n t i a l l y  h a z a rd o u s  

chem ica l  s p ro u t  s u p p r e s s a n t s .  In  o r d e r  t o  d e c id e  w he ther  t h e  

rep lacem en t  o f  chem ica l  c o n t r o l  by i r r a d i a t i o n  i s  j u s t i f i e d  i t  i s  

n e c e s s a ry  t o  judge w hether  i r r a d i a t e d  p o ta to e s  a r e  s a f e r  to  e a t  th an  

c h e m ic a l ly  t r e a t e d  p o t a t o e s .

Concern has  been r a i s e d  over  r e s i d u e  l e v e l s  o f  v a r io u s  a g r i c u l t u r a l
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c h em ica ls  a p p l i e d  t o  food c r o p s .  Some p o t a t o  s p ro u t  s u p p r e s s a n t s ,  

u n l ik e  most o th e r  a g r i c u l t u r a l  c h e m ic a ls ,  a r e  a p p l i e d  d i r e c t l y  t o  t h e  

h a rv e s te d  c rop  a t  th e  b e g in n in g  o f ,  o r  d u r in g ,  s t o r a g e .  Thus t h e r e  i s  

no q u e s t io n  t h a t  a r e s id u e  o f  t h e  s p r o u t  s u p p re s s a n t  rem ains  in  

p o t a to e s  so ld  t o  consum ers. The im p o r ta n t  q u e s t i o n s  must t h e r e f o r e  

be ;  how l a r g e  a r e  t h e  r e s i d u e s ,  i s  th e  s p ro u t  s u p p re s s a n t  harm fu l i f  

in g e s t e d  and a r e  any p o t e n t i a l l y  ha rm fu l  m e t a b o l i t e s  o r  b y -p ro d u c ts  

formed from th e  s p ro u t  s u p p re s s a n t  in  t h e  food?

P e s t i c i d e  r e s i d u e s

The r e s i d u e  l e v e l s  o f  a number o f  a g r i c u l t u r a l  c h e m ica ls  i n  food in  

th e  U.K. have been m on ito red  i n  s t u d i e s  c a r r i e d  o u t  under t h e  a u s p ic e s  

o f  th e  M in i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  and Food (MAFF). The 

r e s u l t s  o f  th e s e  s t u d i e s  were p u b l is h e d  i n  t h e  Report o f  th e  Working 

P a r ty  on P e s t i c i d e  R es id u es :  1985-1988 (Anon., 1989b). Of t h e  p o t a to  

s p ro u t  s u p p re s s a n ts  on ly  Chlorpropham and Tecnazene were m on ito red  by 

MAFF a s  M aleic  H ydraz ide  i s  no t  i n  common use  i n  th e  U .K .. In  

p o t a to e s  p rov ided  by g row ers  and p a c k e rs  i n  1985-1986 Chlorpropham was 

found i n  9 o f  th e  69 sam ples t e s t e d ,  r e s i d u e  l e v e l s  o f  between 0 and
_ i

5 .7  mg kg (av e ra g e  0 .3 )  whole p o t a to e s  were m easured . Tecnazene was
_ i

found i n  51 o f  th e  69 sam ples a t  l e v e l s  o f  between 0 and 7 .1  mg kg 

(av e ra g e  1.6) whole p o t a t o e s .  In r e t a i l  p o t a to e s  t h e  r e s i d u e  ra n g e s  

were 0 t o  0 .8  (av e ra g e  0 .02)  f o r  Chlorpropham and 0 t o  2 .1  (ave rage  

0 .2 )  f o r  Tecnazene.

Recent l e g i s l a t i o n  i n  t h e  U.K. on th e  use  o f  p e s t i c i d e s  on food 

c ro p s ,  th e  Food and Environment P r o t e c t io n  Act ( F .E .P .A . ) ,  was 

in t ro d u c e d  i n  1985 i n  a n t i c i p a t i o n  o f  an  E.C. d i r e c t i v e .  One r e s u l t  

o f  th e  F .E .P .A . i s  th e  im p o s i t io n  o f  s t a t u t o r y  Minimum Residue L im its
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(M .R.L.s) on a number o f  p e s t i c i d e s  i n  s p e c i f i c  fo o d s .

The proposed  M.R.L. f o r  Tecnazene, p u b l is h e d  in  th e  MAFF
_ 1

c o n s u l t a t i v e  document (Anon., 1988) o f  1 mg Tecnazene kg  whole 

p o t a to e s  d id  n o t  ap p ear  i n  th e  f i n a l  l e g i s l a t i o n .  I t  i s  n o t  known i f  

Tecnazene i s  to  be in c lu d e d  a t  a l a t e r  d a t e .  I t  sh o u ld  be n o ted  t h a t  

i n  th e  MAFF r e s i d u e  s tu d y  d i s c u s s e d  p r e v io u s ly  (Anon., 1989b) 37 o u t  

o f  67 r e t a i l  p o t a to e s  sam ples measured had Tecnazene r e s i d u e s  g r e a t e r  

th a n  th e  proposed M .R .L ..

The u se  o f  Chlorpropham, a l th o u g h  no t cove red  by e i t h e r  th e

c o n s u l t a t i v e  document o r  th e  F .E .P .A . ,  i s  due f o r  rev ie w  by

F .A .0 . /W orld H ea lth  O r g a n is a t io n  (W.H.O.) i n  1990 and an  M.R.L. i s

ex p ec ted  t o  be s e t  f o r  p o t a to e s  fo l lo w in g  th e  p u b l i c a t i o n  o f  t h e i r

r e p o r t .  I t  would a p p e a r  l i k e l y  t h a t  t h e  M.R.L. w i l l  be s e t  a t  a v a lu e

c o n s i s t e n t  w ith  l i m i t s  p r e s e n t ly  i n  f o r c e  i n  o th e r  E.C. c o u n t r i e s ,
_ 1

pro b ab ly  a t  5 mg Chlorpropham kg  whole p o t a to e s .

I t  shou ld  be n o ted  t h a t  th e  M .R.L.s s p e c i f i e d  above r e f e r  t o  th e  

r e s id u e  l e v e l s  measured i n  th e  whole p o t a t o .  Both Tecnazene and 

Chlorpropham a r e  a p p l i e d  to  t h e  o u t s i d e  o f  th e  t u b e r  and s e v e r a l  

s t u d i e s  have shown t h a t  most o f  t h e s e  ch em ica ls  rem ain  i n  th e  p e e l  

f r a c t i o n  o f  t h e  t u b e r  and th e  r e s id u e  i n  th e  whole t u b e r  can t h e r e f o r e  

be reduced  by a i r i n g  ( D a lz i e l  e t  a l . , 1980; Coxon and F i lm e r ,  1985) 

and p e e l in g  ( R i t c h i e  e t  a l . , 1983). R es idues  i n  p e e le d  tu b e r s  were 

found t o  be on ly  10 -  2 0% o f  th o s e  found in  th e  whole t u b e r  ( R i t c h i e  

e t  a l . , 1983). The i n c l u s io n  o f  unpee led  t u b e r s  i n  some p o ta to  

p ro d u c ts  i s  a p r a c t i c e  worthy o f  d isc o u ra g em e n t .

The d i s t r i b u t i o n  o f  r e s i d u e s  w i th in  th e  t u b e r  p r e v io u s ly  d e s c r ib e d  

does n o t ,  o f  c o u r s e ,  ap p ly  t o  M ale ic  H ydraz ide .  M aleic H ydrazide  h as
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been shown t o  be d i s t r i b u t e d  th ro u g h o u t  th e  f l e s h  o f  th e  p o ta to

(McKenzie, 1989) and has  been d e te c te d  in  p ro c e s se d  p ro d u c ts  a t  l e v e l s

s i m i l a r  t o  th o s e  found b e fo r e  p r o c e s s in g .  M aleic  H y d raz id e ,  a s  i t  i s

n o t  a p p l i e d  t o  any g r e a t  e x te n t  i n  th e  U.K. a t  p r e s e n t ,  i s  no t

in c lu d e d  under t h e  F .E .P .A . .  The W.H.O., however, have s e t  a l i m i t  o f
-1

50 mg M ale ic  H ydrazide  kg whole p o t a to e s  on M ale ic  H ydrazide  

r e s i d u e s .  As w i th  a l l  r e s id u e  l i m i t s  i t  may be d i f f i c u l t  t o  s t r i k e  a 

b a la n c e  between g e t t i n g  an e f f e c t i v e  c o n c e n t r a t io n  o f  t h e  s p ro u t  

s u p p re s s a n t  t o  th e  s i t e  o f  a c t i o n  and rem a in in g  w i th in  th e  r e s id u e

l i m i t s .  T h is  i s  p a r t i c u l a r l y  so  when a p p l i c a t i o n  i s  by a s  im p re c is e  a

method a s  i s  used f o r  M ale ic  H ydrazide  and when l i t t l e  rem ed ia l  a c t i o n  

can be ta k e n  t o  reduce  r e s i d u e s  a f t e r  h a r v e s t .

The to x ic o lo g y  o f  s p ro u t  s u p p re s s a n ts

Tab le  1.1 summarises some o f  th e  d a t a  a v a i l a b l e  on th e  a c u te  

t o x i c i t y  o f  Tecnazene, Chlorpropham and M aleic  H ydraz ide .

Tab le  1.1 Acute o r a l  LD50 v a lu e s  o f  some commonly used chem ical 

s p ro u t  s u p p r e s s a n t s .

Sprou t s u p p re s s a n t
_1

Acute o r a l  LD50 f o r  r a t s  (mg kg )

Chlorpropham 5000

Tecnazene 7500

M aleic  H ydrazide  (sodium s a l t ) 6950

( d ie th a n o la m in e  s a l t ) 2340

so u rc e  o f  in fo rm a t io n  H a r t le y  and Kidd (1983).

These v a lu e s  show t h a t  a l l  o f  t h e  above c h e m ica ls  a r e  a t  th e  lower 

end o f  t h e  a c u te  t o x i c i t y  r a n g e .
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As was d i s c u s s e d  p r e v io u s ly  Chlorpropham has  been shown by i n  v i t r o  

s t u d i e s  t o  a f f e c t  m i t o s i s  and r e s u l t  in  t h e  unequal d i s t r i b u t i o n  o f  

DNA a f t e r  m i t o s i s  i n  i s o l a t e d  human c e l l s  (Timpson, 1970; O l iv e r  e t  

a l . , 1978). The i n g e s t i o n  o f  a compound c a p ab le  o f  such an e f f e c t  i s  

no t  c o n c lu s iv e  p ro o f  t h a t  t h e s e  e f f e c t s  w i l l  be o b se rved  in  l i v e  

a n im a ls  which may be  a b le  t o  m e ta b o l i s e  Chlorpropham. Such ev id en ce  

d o es ,  however, add im petus  t o  f u r t h e r  i n v e s t i g a t i o n s  o f  th e  to x ic o lo g y  

o f  Chlorpropham.

Toxicology s t u d i e s  on Tecnazene have le d  t o  i t s  c l a s s i f i c a t i o n  a s  a 

n e o p la s t ig e n  o f  m odera te  to  h ig h  mammalian t o x i c i t y  (Sax, 1984). For 

t h i s  r ea so n  th e  Food and A g r i c u l tu r e  O r g a n is a t io n  o f  t h e  World H ea lth  

O r g a n is a t io n  (FAO/WHO) have recommended an A ccep tab le  D a i ly  In ta k e  

(ADI) o f  0 -  0 .01  mg Tecnazene p e r  kg body w eigh t (Y ess ,  1988).

The h e a l t h  r i s k s  o f  M aleic  H ydrazide  have been rev iew ed  by 

Ponnampalam e t  a l .  (1983 ).  I t  h a s  been s u g g e s te d  t h a t  M aleic  

H ydrazide  i s  degraded  t o  h y d ra z in e  (Biswas e t  a l . , 1967; Peddie  e t  

a l .  , 1986) a l th o u g h  no c o n c lu s iv e  e v id e n c e  has  y e t  e s t a b l i s h e d  t h i s .  

H ydrazine  i s  a  h ig h ly  t o x i c  chem ica l  (Sax, 1984) which i s  d e f in e d  by 

th e  I n t e r n a t i o n a l  Agency f o r  R esearch  on Cancer a s  a c l a s s  2B 

s u b s ta n c e ,  c a rc in o g e n ic  t o  a n im a ls  and p o s s ib ly  c a rc in o g e n ic  t o  humans 

(Anon., 1987a). Evidence t h a t  M aleic  H ydrazide has  been found t o  be 

a s s o c i a t e d  w ith  t h e  n u c le i c  a c id  f r a c t i o n  (Coupland and P e e l ,  1971) 

and o th e r  s t r u c t u r a l  c o n s id e r a t i o n s  have le d  t o  t h e  t h e  s u g g e s t io n  

t h a t  M aleic  H ydrazide  a c t s  a s  a p y r im id in e  a n t a g o n i s t  o r  ana logue  

(Nooden, 1972). F u r th e r  w eigh t i s  l e n t  t o  t h i s  h y p o th e s i s  by th e  

o b s e rv a t io n  o f  t h e  s y n t h e s i s  o f  abnorm al p r o t e i n s  i n  p l a n t s  t r e a t e d  

w i th  M aleic  H ydrazide  ( P e te r s o n  and N ay lo r ,  1953; Coupland and P e e l ,
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1971).

S i m i l a r i t i e s  between p l a n t  and an im al  sys tem s and th e  e f f e c t s  o f  

t h e s e  ch e m ica ls  on humans shou ld  no t  be o v e r-e m p h a s ise d ,  th e  d a ta  

a v a i l a b l e  from s t u d i e s  on humans i s  l i m i t e d .  R e s u l t s  o f  s t u d i e s  on 

th e  t o x ic o lo g y  o f  t h e s e  c hem ica ls  have sometimes been e q u iv o c a l  and 

a r e  o f t e n  based  on s t u d i e s  c a r r i e d  ou t  under  p r o to c o l s  which have 

s in c e  been s u p e rse d e d ,  hence f u r t h e r  i n v e s t i g a t i o n s  a r e  n e c e s s a ry .

More s t u d i e s  a r e  a l s o  r e q u i r e d  on th e  p o s s ib l e  c h ro n ic  e f f e c t s  o f  

i n g e s t i n g  sm a l l  amounts o f  s p ro u t  s u p p r e s s a n t s .

Sprou t s u p p re s s a n t  m e ta b o l i t e s

I t  i s  no t  on ly  t h e  r e s i d u e  l e v e l s  o f  th e  s p ro u t  s u p p re s s a n ts  

th em se lv e s  which may be o f  c o n cern ,  c o n s id e r a t i o n  must a l s o  be g iv en  

t o  t h e i r  m e t a b o l i t e s .

As Chlorpropham i s  used p r im a r i l y  a s  a  h e r b i c id e  much work h a s  been 

done t o  i n v e s t i g a t e  i t s  m etabo lism  in  t h e  s o i l .  S o i l  i s  p r e s e n t  on 

p o ta to e s  in  s t o r e s  and Chlorpropham i s  a p p l i e d  t o  t h a t  s o i l  a s  w e l l  a s  

t o  t h e  p o t a to  s k in  t h e r e f o r e  t h e  s o i l  m etabo lism  o f  Chlorpropham i s  o f  

i n t e r e s t  in  any s a f e t y  s tu d y .  Chlorpropham has  been shown t o  be  

c le a v e d  by m ic r o b ia l  d e g ra d a t io n  t o  3 - c h l o r o a n i l i n e  ( F r e i t a g  e t  a l . , 

1984). The p re se n c e  o f  3 - c h l o r o a n i l i n e  r a i s e s  th e  p o s s i b i l i t y  o f  a 

f u r t h e r  c o n d e n sa t io n  r e a c t i o n  t o  form t h e  t o x i c  compound 3 , 3 ' -  

d ic h lo ro a z o b e n z e n e .  In  o rd e r  f o r  t h e s e  r e a c t i o n s  t o  t a k e  p la c e  

a n a e ro b ic  c o n d i t i o n s  must e x i s t  i n  th e  s o i l  a s s o c i a t e d  w ith  th e  

p o t a t o e s .  The m o is tu re  c o n te n t  o f  t h e  s o i l  must t h e r e f o r e  be h igh  

enough t o  a l lo w  a n a e ro b ic  c o n d i t i o n s  t o  o c c u r .  Under p r o p e r ly  

c o n t r o l l e d  commercial s t o r a g e  c o n d i t i o n s  t h e  o c c u rre n c e  o f  a n a e ro b ic
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c o n d i t io n s  shou ld  be  m in im ised , however a n a e ro b ic  m ic ro -e n v iro n m en ts  

may s t i l l  e x i s t .  The p re se n c e  o f  t h e s e  compounds i n  s o i l  on p o ta to e s  

i s  under  i n v e s t i g a t i o n  a t  t h i s  t im e a t  Glasgow U n i v e r s i t y .

Chlorpropham i s  e f f e c t i v e  a s  a h e r b i c id e  a p p l i e d  t o  monocot 1 dons 

bu t  i s  i n e f f e c t i v e  i n  th e  c o n t r o l  o f  d i c o t  1 dons . S tu d ie s  c a r r i e d  

o u t  t o  d e te rm in e  th e  r e a s o n  f o r  t h e  s p e c i f i c i t y  o f  Chlorpropham a c t i o n  

led  t o  th e  d i s c o v e r y  o f  th e  h y d ro x y la te d  m e t a b o l i t e s  o f  Chlorpropham 

i s o p r o p y l  3 - c h lo r o - 2 - h y d r o x y c a r b a n i l a t e  (2-OH Chlorpropham) and 3- 

c h lo r o - 4 - h y d r o x y c a r b a n i l a te  (4-OH Chlorpropham) i n  soya beans by S t i l l  

and Mansager (1972 ).  T h is  was confirm ed to  be th e  f i r s t  s te p  i n  th e  

mechanism o f  d e t o x i f i c a t i o n  o f  Chlorpropham by some p l a n t s .  

H y d ro x y la t io n  i s  fo llow ed  by th e  a t ta c h m e n t  o f  a su g a r  m oitey  t o  form 

a g lu c o s id e  w i th  no h e r b i c i d a l  a c t i v i t y .

The h y d ro x y la te d  d e r i v a t i v e s  o f  Chlorpropham have n o t  y e t  been 

i d e n t i f i e d  i n  p o t a t o e s ,  a l th o u g h  Heikes (1985) has  i s o l a t e d  i s o p ro p y l  

3 - c h lo r o -4 - m e th o x y c a r b a n i l a t e  (4-methoxy chlorpropham ) which may be 

th e  m e th y la te d  d e r i v a t i v e  o f  4-OH Chlorpropham. More r e c e n t l y  t r a c e  

l e v e l s  o f  3 - c h l o r o a n i l i n e  ( Worobey e t  a l . , 1987) and 3 , 3 ’ 

d ic h lo ro az o b e n z en e  (Worobey and Sun, 1987) have been i d e n t i f i e d  i n  

p o t a t o e s .  The fo rm a t io n  o f  a n i l i n e  and azobenzene m e t a b o l i t e s  o f  

Chlorpropham i s  l i k e l y  t o  be o f  g r e a t e r  concern  th a n  th e  fo rm a tio n  o f  

hydroxy o r  methoxy m e t a b o l i t e s .  This  i s  due f i r s t l y  t o  th e  r e l a t i v e  

t o x i c i t y  o f  t h e  fo rm er two chem ica l  c l a s s e s  and seco n d ly  a s  mammalian 

c e l l s  can more r e a d i l y  m e ta b o l i s e  and d e to x i f y  h y d ro x y la te d  compounds 

t o  g lu c u r id o n e s  and s u lp h a t e  e s t e r s  which can  th e n  be e x c r e t e d .  The 

p re s e n c e  o f  methoxy, a n i l i n e  and ch lo roazobenzene  m e t a b o l i t e s  o f  

Chlorpropham i n  p o t a to e s  have y e t  t o  be confirm ed by o th e r  w orkers .
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M etabolism  o f  Tecnazene in  s o i l  h as  been found t o  r e s u l t  i n  th e  

fo rm a tio n  o f  2 , 3 , 5 , 6 - t e t r a c h l o r o a n i l i n e  (McGibbon, 1984). This 

m e ta b o l i t e  was found i n  g r e a t e r  q u a n t i t i e s  under a n a e ro b ic  s o i l  

c o n d i t io n s  e s p e c i a l l y  when a g lu c o s e  amendment had been added . The 

a d d i t i o n  o f  m erc u r ic  c h lo r i d e  amendments r e s u l t e d  i n  a d e c re a s e  i n  th e  

amount o f  t h e  m e t a b o l i t e  form ed. These f a c t s  s u g g e s t  t h a t  2 , 3 , 5 , 6 -  

t e t r a c h l o r o a n i l i n e  i s  a m e ta b o l i t e  formed by a n a e ro b ic  s o i l  b a c t e r i a .

H eikes e t  a l . (1979) found t h e  fo l lo w in g  compounds t o  be p r e s e n t  i n  

Tecnazene t r e a t e d  p o ta to e s ;  2 , 3 , 5 , 6 - t e t r a c h l o r o a n i s o l e ,  

- t e t r a c h l o r o a n i l i n e , - t e t r a c h l o r o t h i o a n i s o l e , - t e t r a c h l o r o - p -  

n i t r o a n i s o l e ,  - t e t r a c h l o r o - p - a n i s i d i n e ,  - t e t r a c h l o r o b e n z e n e , 

t r i c h l o r o n i t r o b e n z e n e  and p e n ta c h lo r o n i t r o b e n z e n e .  The f i n a l  t h r e e  

compounds on th e  above l i s t  were a l s o  found a s  co n tam in an ts  in  

Tecnazene f o r m u la t io n s .  I t  i s  n o t  c l e a r  w he ther  th e  o t h e r  compounds 

d e te c te d  a r e  th e  p ro d u c ts  o f  b a c t e r i a l  d e g ra d a t io n  o r  p o ta to  

m etabo lism . The fo rm a tio n  o f  2 , 3 , 5 , 6 - t e t r a c h l o r o a n i l i n e  found in  t h e  

above s t u d i e s  once a g a in  s u g g e s t s  th e  p o s s i b i l i t y  o f  c o u p l in g  t o  form 

c h l o r i n a t e d  azo b en zen es ,  th e  fo rm a tio n  o f  such compounds i n  p o t a to e s  

has  no t been o b se rv e d .

In fo rm a t io n  on th e  r o u t e s  which e x i s t  f o r  th e  m etabolism  o f  

Tecnazene i n  mammals i s  p rov ided  by a s tu d y  on r a b b i t s  by Bray e t  a l . 

(1953 ).  The m e ta b o lic  r o u t e s  i n c lu d e ;  m e rc ap tu ro n ic  a c id  and 

g lu c u ro n id e  c o n ju g a t io n  and th e  fo rm a tio n  o f  4 -a m in o -2 ,3 ,5 ,6 -  

t e t r a c h l o r o p h e n o l , 2 , 3 , 5 , 6 - t e t r a c h l o r o a n i l i n e  and i t s  s u lp h a t e  e s t e r .  

Only some 34% o f  t h e  Tecnazene dose a d m in is t e r e d  was a b so rb e d .

L i t t l e  ev id e n c e  has  come t o  l i g h t  w ith  r e g a r d  t o  t h e  m e ta b o l i t e s  o f  

M aleic  H ydraz ide  in  p o t a to e s  p o s s ib ly  because  o f  th e  d i f f i c u l t i e s
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i n h e r a n t  i n  th e  a n a ly s i s  o f  t h a t  compound. As M aleic  H ydraz ide  i s  

a p p l i e d  t o  th e  f o l i a g e ,  s o i l  m e ta b o l i t e s  need n o t  b e  c o n s id e re d  i n  a 

d i s c u s s io n  on i t s  u se  i n  p o t a to e s .  A ^ -D -g lu c o s id e  o f  M aleic  

H ydrazide  h a s  been i d e n t i f i e d  i n  wheat (Towers e t  a l . , 1958) and in  

to b acco  p l a n t s  (F re a r  and Swanson, 1978). A ttem pts  t o  c h a r a c t e r i s e  

t h i s  g lu c o s id e  i n  p o t a to  j u i c e  by McKenzie (1989) p roved  i n c o n c lu s iv e .

The n a tu r e  o f  some o f  th e  compounds p o t e n t i a l l y  p r e s e n t  in  o r  

a s s o c i a t e d  w ith  p o t a to e s  a s  a r e s u l t  o f  t r e a tm e n t  w i th  chem ical s p ro u t  

s u p p re s s a n ts  i s  o f  concern  and f u r t h e r  i n v e s t i g a t i o n  i s  r e q u i r e d  to  

confirm  w hether  th e y  pose a s i g n i f i c a n t  haza rd  to  h e a l t h  i f  p r e s e n t  

and in g e s t e d  a t  t h e  l e v e l s  found i n  p o t a t o e s .  The above d i s c u s s io n  

does ,  hcwever, p ro v id e  a v a l i d  j u s t i f i c a t i o n  f o r  th e  s e a rc h  f o r  

a l t e r n a t i v e  s p ro u t  i n h i b i t i o n  t e c h n iq u e s .

I r r a d i a t i o n

The s a f e t y  o f  t h e  i r r a d i a t i o n  p ro c e s s  has been a m a t t e r  o f  g r e a t  

d i s c u s s io n .  R ep o r ts  have been p u b l is h e d  by th e  r e l e v a n t  d e p a r tm e n ts  

o f  s e v e r a l  governm ents and academic i n s t i t u t i o n s  (Anon., 1955; Anon., 

1986a; M e t l i t s k y  e t  a l . , 1967; Pim, 1983; U rb a in ,  1986). Some 

consumer g roups  have made t h e i r  c o n t r i b u t i o n  t o  th e  d e b a te ,  i n c lu d in g ,  

i n  th e  U .K ., t h e  Consumer A s s o c ia t io n  (Anon., 1989c) and th e  London 

Food Commission (Webb, 1985). A r t i c l e s  have a l s o  appeared  i n  th e  

media; t e l e v i s i o n ,  m agazines and newspapers have commented on i t s  

p roposed  i n t r o d u c t i o n ,  p a r t i c u l a r l y  a s  th e  l e g i s l a t i o n  a l lo w in g  i t s  

i n t r o d u c t i o n  has  made i t s  way th ro u g h  p a r l i a m e n t .
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The most commonly r a i s e d  q u e s t io n s  c o n c e rn in g  th e  s a f e t y  o f  food 

i r r a d i a t i o n  a r e  a s  fo l lo w s .

(1) I s  i r r a d i a t e d  food  r a d i o a c t i v e  a f t e r  t re a tm e n t?

(2) Are t h e  compounds which may be formed i n  i r r a d i a t e d  food 

by th e  i r r a d i a t i o n  p ro c e s s  harm ful?

(3) I s  th e  f r e s h n e s s  o f  i r r a d i a t e d  food m ere ly  c o sm e t ic ,  

m asking i t  s  d e t e r i o r a t i o n ?

(One o th e r  im p o r ta n t  q u e s t i o n ,  w hether  i t  i s  p o s s ib l e  t o  d e te rm ine  

t h a t  food has  been i r r a d i a t e d ,  i s  d is c u s s e d  i n  C hap ter  7 ) .

(1) Induced r a d i o a c t i v i t y

Whether exposure  t o  r a d i a t i o n  can  induce  r a d i o a c t i v i t y  i n  food can

be answered u n e q u iv o c a l ly .  A sm a l l  i n c r e a s e  i n  a c t i v i t y  a s  a

consequence o f  i r r a d i a t i o n  has  been c a l c u l a t e d  (U rba in ,  1986; Anon.,

1986a). The m agnitude o f  t h e  i n c r e a s e  i s  r e l a t e d  t o  th e  dose

r e c e iv e d .  Even a t  th e  maximum dose e n v isaged  by U.K. a u t h o r i t i e s  o f

10 kGy th e  amount o f  induced  r a d i o a c t i v i t y  produced i s  reg a rd e d  a s  o f

n e g l i g i b l e  r i s k  t o  human h e a l t h  (Anon., 1986a) and i s  sm a l l  in

com parison  w ith  t h e  l e v e l  o f  r a d i o a c t i v i t y  n a t u r a l l y  p r e s e n t  i n  food .

The c h o ic e  o f  r a d i o i s o t o p e s  which em it gamma pho tons  o f  energy  low er

60 137th a n  5 MeV such a s  Co and Cs l i m i t s  th e  number o f  r a d i o i s o t o p e s

2 17 13which can be  induced by a c t i v a t i o n  t o  t h r e e ,  H, 0 and C. The 

h a l f - l i v e s  o f  th o s e  s p e c ie s  a r e  s h o r t  and th ey  decay t o  s t a b l e  

p ro d u c ts  (U rba in ,  1 9 8 6 ) a nd 1^C.

The l e v e l  o f  induced  r a d i o a c t i v i t y  f a l l s  a s  r a d i o a c t i v e  e lem en ts  

decay d u r in g  s t o r a g e .  The o v e r a l l  r a d i o a c t i v i t y  may, i n  f a c t ,  f a l l  

below p r e - i r r a d i a t i o n  l e v e l s  d u r in g  s to r a g e  due t o  th e  decay o f
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40n a t u r a l l y  o c c u r r in g  r a d i o i s o t o p e s  such a s  K. I r r a d i a t i o n  o f  

p o t a to e s  t o  i n h i b i t  s p r o u t in g  r e q u i r e s  f a r  low er d o se s ,  o f  th e  o rd e r  

o f  0 .1  kGy, th a n  t h e  proposed maximum p e r m is s ib le  dose o f  10 kGy and 

any i n i t i a l  i n c r e a s e  i n  r a d i o a c t i v i t y  w i l l  t h e r e f o r e  be s m a l le r  th an  

w i l l  o ccu r  when i r r a d i a t i o n  i s  c a r r i e d  ou t  f o r  o t h e r  p u rp o se s .

(2) R a d io ly t i c  p ro d u c ts

The q u e s t io n  o f  w hether  i r r a d i a t i o n  t r e a tm e n t  r e s u l t s  in  th e  

p ro d u c t io n  o f  t o x i c  r a d i o l y t i c  p ro d u c ts  i s  more d i f f i c u l t  t o  answer 

c o n c lu s i v e l y .  I f  a harm fu l (m utagen ic ,  c a r c in o g e n ic  o r  t o x ic )  

compound were t o  be formed by i r r a d i a t i o n  i t  cou ld  be i s o l a t e d  and 

q u a n t i f i e d .  There a r e ,  however, many p o s s ib l e  p o t e n t i a l l y  harm ful 

compounds which cou ld  be formed i n  many d iv e r s e  f o o d s t u f f s .  Thus i t  

i s  d i f f i c u l t  t o  g u a ra n te e  t h a t  no such compound has  been formed in  

e v e ry  food  o r  p ro c e s s e d  com bina tion  o f  foods  l i k e l y  t o  undergo 

i r r a d i a t i o n .

The a u t h o r i t i e s  i n  s e v e r a l  c o u n t r i e s  have i n v e s t i g a t e d  t h i s  problem 

th o ro u g h ly  (U rb a in ,  1986). In  th e  U.K. t h e  view o f  th e  Committee on 

T o x ic i t y  o f  Chemicals i n  Food, Consumer P ro d u c ts  and th e  Environment 

(C .O .T .)  i s  t h a t  t h e r e  i s  "no ev id e n c e  t o  s u g g e s t  t h a t  any 

t o x i c o l o g i c a l  h a z a rd  t o  human h e a l t h  would a r i s e  frcm th e  consum ption 

o f  food i r r a d i a t e d  up t o  an o v e r a l l  dose o f  10 kGy" (Anon, 1986a). 

U rbain  (1986) sum m arises t h e  a v a i l a b l e  t o x i c o l o g i c a l  d a ta  a s  f o l lo w s .

(1) No i d e n t i f i e d  r a d i o l y t i c  p ro d u c t  h as  been shown t o  be 

s i g n i f i c a n t l y  t o x i c .
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(2) R a d io ly ic  p ro d u c ts  i d e n t i f i e d  can be  found i n  n o n - i r r a d i a t e d  food 

and a r e  s i m i l a r  t o  th o s e  produced by o t h e r  p r e s e r v a t io n  and 

cooking  t e c h n iq u e s .

(3) The q u a n t i t i e s  o f  r a d i o l y t i c  p ro d u c ts  a r e  sm a l l  a t  normal d o s e s .

The w eigh t o f  th e  ev idence  g a th e r e d  so f a r  s u g g e s t s  t h a t  no h e a l t h  

hazard  i s  p r e s e n te d  by th e  consum ption o f  i r r a d i a t e d  food b u t  i t  

c a n n o t ,  however, a b s o lu t e ly  g u a ra n te e  t h a t  such h a z a rd s  do no t  e x i s t .  

The c o n t i n u a t i o n  o f  r e s e a r c h  i n t o  t h e  e f f e c t s  o f  r a d i a t i o n  on food i s  

p ru d e n t .

(3) F re sh n e ss

The concep t o f  " f a l s e  f r e s h n e s s "  a r i s e s  because  o f  th e  manner in  

which p e o p le  i d e n t i f y  harm fu l fo o d .  A cook can o f t e n  t e l l  when food 

i s  " o f f "  s im ply  by i t s  c o lo u r  and s m e l l .  These s ig n s  a r e  produced by 

t h e  growth o f  s p o i l a g e  o rgan ism s such a s  Pseudomonas spp . which 

i n d i c a t e  t h a t  s i g n i f i c a n t  m ic r o b ia l  growth has o c c u rre d  and t h e r e f o r e  

t h a t  more harm fu l o rgan ism s may be p r e s e n t .

M icroorganism s show v a ry in g  s e n s i t i v i t i e s  t o  r a d i a t i o n .  Some 

b a c t e r i a  may be g r e a t l y  reduced  i n  numbers by i r r a d i a t i o n  a t  a g iv e n  

dose a l lo w in g  t h e  su b seq u e n t  un im paired  growth o f  o th e r  s p e c i e s .  An 

example o f  a  r a d i a t i o n - r e s i s t a n t  pa thogen  i s  t h e  s p o re - fo rm in g  

C lo s t r id iu m  bo tu linum  some s t r a i n s  o f  which can  grow t o  hazardous  

l e v e l s  w i th o u t  p ro d u c in g  n o t i c e a b l e  s p o i l a g e .  A f u r t h e r  problem 

caused  by t h i s  o rganism  i s  t h a t  i t  can produce a t o x in  which w i l l  

rem ain  i n  i r r a d i a t e d  foods even when th e  m icroorgan ism s r e s p o n s i b l e  

f o r  i t s  p ro d u c t io n  have been reduced  t o  s a f e  l e v e l s  by i r r a d i a t i o n .

In  each  o f  t h e s e  s e t s  o f  c irc u m s ta n c e s  t h e  consumer w i l l  be g iv en  a
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f a l s e  im p re s s io n  t h a t  such  food i s  p e r f e c t l y  s a f e  a s ,  due t o  t h e  

r e d u c t io n  i n  number o f  more r a d i a t i o n  s e n s i t i v e  s p o i l a g e  o rg an ism s , i t  

w i l l  look and sm e l l  no d i f f e r e n t  from u ncon tam ina ted  food .

The s o l u t i o n  t o  t h i s  problem l i e s  in  t h e  a p p l i c a t i o n  o f  good 

hyg iene  s t a n d a r d s  b e f o r e  and a f t e r  i r r a d i a t i o n  and s e n s i b l e  s to r a g e  

c o n d i t io n s  f o r  i r r a d i a t e d  fo o d .  Consumers shou ld  a l s o  be made aware 

t h a t  th ey  must t r e a t  i r r a d i a t e d  food  d i f f e r e n t l y  t o  f r e s h  fo o d . 

T h e re fo re  f u r t h e r  im p o r ta n t  s a fe g u a rd s  f o r  th e  s a f e  use  o f  i r r a d i a t e d  

food shou ld  in c lu d e  th e  p r o v is io n  o f  in fo r m a t io n  f o r  consumers on th e  

s u b je c t  o f  i r r a d i a t e d  food  and a c l e a r  food l a b e l l i n g  p o l i c y  which 

i n d i c a t e s  t h a t  food has  been i r r a d i a t e d  and th e  le n g th  o f  t im e  over  

which t h e  food i s  s a f e  t o  u s e .  ( I t  shou ld  be n o ted  t h a t  t h e  doses 

used  to  i n h i b i t  s p r o u t in g  a r e  n o t  g r e a t  enough to  e l i m i n a t e  s p o i l a g e  

o rg a n is m s ) .

I s  i r r a d i a t i o n  a s a f e r  method o f  c o n t r o l l i n g  th e  s p r o u t in g  o f  

p o t a to e s  th an  chem ica l  s p ro u t  s u p p re s s io n ?  From th e  above d i s c u s s io n  

i t  would a p p e ar  t h a t  i r r a d i a t i o n  h as  much t o  o f f e r  a s  a n  a l t e r n a t i v e  

s p ro u t  s u p p re s s io n  t r e a tm e n t  t o  chem ica l  s p ro u t  c o n t r o l .  I t  i s ,  

however, w orthw h ile  t o  p e r i o d i c a l l y  r e a s s e s s  t h e  r e l a t i v e  m e r i t s  o f  

each  method a s  new in fo rm a t io n  on t h e i r  s a f e t y  becomes a v a i l a b l e .

In  i n v e s t i g a t i o n s  o f  th e  e f f e c t  o f  i r r a d i a t i o n  on  foods  most 

a t t e n t i o n  h as  been p a id ,  q u i t e  c o r r e c t l y ,  t o  th e  e f f e c t  on th e  m ajor 

food c o n s t i t u e n t s  such a s  c a r b o h y d r a te s ,  p r o t e i n s  and l i p i d s  a s  w e l l  

a s  im p o r ta n t  more m inor c o n s t i t u e n t s  such a s ,  f o r  exam ple, v i ta m in s .  

However, even th e  most m inor c o n s t i t u e n t  o f  i r r a d i a t e d  food i s  worthy 

o f  i n t e r e s t  a s  some s u b s ta n c e s  a r e  o f  v e ry  h igh  t o x i c i t y  even a t  very  

low c o n c e n t r a t i o n s .
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When a g r i c u l t u r a l  p roduce  i s  i r r a d i a t e d  r e s i d u e s  o f  a g r i c u l t u r a l  

c hem ica ls  may be p r e s e n t  and th ey  w i l l ,  o f  c o u rs e ,  be i r r a d i a t e d  w ith  

th e  food i t s e l f .  In  t h e  s p e c i f i c  c a se  o f  th e  i r r a d i a t i o n  o f  s to r e d  

p o ta to e s  c i r c u m s ta n c e s  can be e n v isa g e d  where c h e m ica ls  may be a p p l i e d  

p r i o r  t o  i r r a d i a t i o n .  Some i n v e s t i g a t i o n s  o f  th e  com bina tion  o f  t h e s e  

two t r e a tm e n t s  w i l l  be made i n  t h i s  s tu d y .

1.6 T h e s is  o b j e c t i v e s

As h as  been p r e v io u s ly  s t a t e d  t h i s  s tu d y  c o n c e n t r a te d  on 

i n v e s t i g a t i o n s  i n t o  th e  use o f  i r r a d i a t i o n  as  an  a l t e r n a t i v e  t o  

c o n v e n t io n a l  methods used t o  i n h i b i t  s p r o u t in g  i n  s t o r e d  p o ta to e s .  

I n v e s t i g a t i o n s  were made i n t o  some o f  t h e  problem s e n co u n te red  in  t h e  

u se  o f  i r r a d i a t i o n  i n  o r d e r  t o  a s s e s s  th e  v i a b i l i t y  o f  i r r a d i a t i o n  f o r  

t h a t  p u rp o se .  Emphasis was p lac e d  on a com parison o f  th e  q u a l i t y  o f  

p o t a to e s  s to r e d  a f t e r  i r r a d i a t i o n  t r e a tm e n t  w i th  th o se  s to r e d  under 

c u r r e n t  chem ica l  s to r a g e  reg im es .  I n i t i a l  s t u d i e s  were a l s o  c a r r i e d  

ou t  t o  i n v e s t i g a t e  t h e  p o s s ib l e  com bina tion  o f  chem ical and 

i r r a d i a t i o n  t r e a tm e n t s .
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C hap te r  2

The e f f e c t  o f  gamma r a d i a t i o n  on  s p ro u t  growth

2 .1  I n t r o d u c t i o n

As was d i s c u s s e d  i n  C hap te r  1 one o f  th e  m ajor problem s en c o u n te re d  

d u r in g  th e  s to r a g e  o f  p o t a to e s  i s  t h a t  o f  s p ro u t  g row th . I n  th e  

d i s c u s s io n  i n  s e c t i o n  1.2 s e v e r a l  t e c h n iq u e s  used t o  c o n t r o l  s p ro u t in g  

were d e s c r ib e d .  In  t h i s  c h a p te r  t h e  use o f  i r r a d i a t i o n  f o r  t h e  

c o n t r o l  o f  p o t a to  s p r o u t in g  i s  i n v e s t i g a t e d .

In  s e c t i o n  1 .4  o f  C hap te r  1 th e  g e n e ra l  a s p e c t s  of t h e  i n h i b i t i o n  

o f  th e  s p r o u t in g  o f  p o t a to e s  by i r r a d i a t i o n  were o u t l i n e d .  The most 

im p o r ta n t  f a c t o r s  i n f l u e n c i n g  th e  s u c c e s s  o f  i r r a d i a t i o n  were 

i d e n t i f i e d  a s  i r r a d i a t i o n  d o se ,  dose r a t e ,  c u l t i v a r  and th e  t im in g  o f  

t r e a tm e n t .  Recent com prehensive rev iew s  on th e  i n h i b i t i o n  o f  p o t a t o  

s p r o u t in g  by i r r a d i a t i o n  t r e a tm e n t  have been p u b l is h e d  by Matsuyama 

and Umeda (1983) and Thomas (1984) and t h a t  rev iew  p ro c e s s  w i l l  n o t  be 

d u p l i c a t e d  h e r e .

Thomas (1984) p r o v id e s  a w id e - ra n g in g  summary o f  s t u d i e s  c a r r i e d  

ou t  on s p ro u t  i n h i b i t i o n  by i r r a d i a t i o n  t r e a tm e n t  from which he 

c o n c lu d es  t h a t  an i r r a d i a t i o n  dose o f  0 .1  kGy i s  s u f f i c i e n t  t o  i n h i b i t  

s p r o u t in g  i r r e v e r s i b l y  in  most c i r c u m s ta n c e s  r e g a r d l e s s  o f  c u l t i v a r  

i r r a d i a t e d  o r  su bsequen t  s to r a g e  te m p e ra tu re .  Matsuyama and Umeda 

(1983) and Thomas (1984) summarise th e  ev idence  o f  a  number o f  s t u d i e s  

on th e  e f f e c t  o f  i r r a d i a t i o n  on th e  s p r o u t in g  a f t e r  i r r a d i a t i o n  

t r e a tm e n t  o f  d i f f e r e n t  c u l t i v a r s  grown in  many l o c a t i o n s  th ro u g h o u t  

th e  w o r ld .  They co n fi rm  t h a t  t h e  r a d i a t i o n  dose r e q u i r e d  f o r  com plete  

s p ro u t  i n h i b i t i o n  i s  c u l t i v a r  d e p e n d en t .
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Although many s t u d i e s  have been c a r r i e d  ou t on th e  e f f e c t  o f  

i r r a d i a t i o n  on th e  s p r o u t in g  o f  p o t a to e s ,  and s t u d i e s  o f  th e  o th e r  

e f f e c t s  o f  i r r a d i a t i o n  on p o ta to e s  o f t e n  in c lu d e  some d e s c r i p t i o n  o f  

th e  e f f e c t  t h a t  i r r a d i a t i o n  had on s p r o u t in g ,  t h e s e  s t u d i e s  d e s c r ib e  

th e  d e g re e s  o f  s p r o u t in g  a t  v a r io u s  i r r a d i a t i o n  doses  w i th o u t  s e e k in g  

t o  i n v e s t i g a t e  th e  n a tu r e  o f  t h e  r e l a t i o n s h i p  betw een dose and sp ro u t  

g row th . I t  i s  t h a t  t o p ic  on which t h i s  s tu d y  c o n c e n t r a t e s .

Most p re v io u s  s t u d i e s  have on ly  q u a l i t a t i v e l y  d e s c r ib e d  th e  deg ree  

o f  s p r o u t in g  a f t e r  i r r a d i a t i o n  t r e a tm e n t ,  n o rm ally  s t a t i n g  th e  

i r r a d i a t i o n  dose r e q u i r e d  f o r  com plete  s p ro u t  i n h i b i t i o n ,  f o r  example 

Burton and Hannan (1957) o r  Heiligman (1957 ).  O ther  w orkers  have 

e x p re s se d  s p ro u t  l e v e l s  a s  a p e rc e n ta g e  o f  t u b e r  w eigh t ( e . g .  Sparrow 

and C h r i s te n s e n  (1954)) which i s  a method ccmmonly u se d ,  a lo n g  w ith  

t h e  mean le n g th  o f  th e  lo n g e s t  s p ro u t  growing on a t u b e r ,  t o  d e s c r ib e  

th e  l e v e l s  o f  s p r o u t in g  i n  n o n - i r r a d i a t e d  p o t a t o e s .  Mathur (1963) has  

used th e  p e rc e n ta g e  o f  p o t a to e s  s p r o u t in g  a t  each i r r a d i a t i o n  dose as  

th e  c r i t e r i o n  f o r  ccm paring th e  deg ree  o f  s p ro u t  g row th . I t  was 

dec ided  t o  use  bo th  t h e  mean o f  t h e  l e n g th s  o f  th e  lo n g e s t  s p r o u t s  on 

t u b e r s  and th e  w eigh t o f  s p r o u t s  (ex p re s se d  a s  a p e rc e n ta g e  o f  th e  

w eigh t o f  t h e  t u b e r s  on which th e y  were growing -  t h e  p e rc e n ta g e  

s p r o u t in g  by w e igh t)  a s  methods o f  d e s c r i b in g  th e  l e v e l s  o f  s p r o u t in g .  

I t  was th o u g h t  t h a t  th e s e  m easurem ents cou ld  be used a s  a b a s i s  f o r  

d e v e lo p in g  models t o  r e l a t e  th e  d e g re e  o f  s p ro u t  growth t o  th e  

i r r a d i a t i o n  dose a p p l i e d .

S e v e ra l  f a c t o r s  which have n o t  a s  y e t  been d i s c u s s e d  can g r e a t l y  

i n f lu e n c e  th e  e f f e c t i v e n e s s  o f  i r r a d i a t i o n  t r e a tm e n t .  The 

e f f e c t i v e n e s s  o f  t h e  r a d i a t i o n  dose r e c e iv e d  i s  dependent o n  th e
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n a tu r e  o f  th e  m a t e r i a l  i r r a d i a t e d  a s  governed by  t h e  r e l a t i o n s h i p :

X X -ux1 = 1 e o

where I i s  t h e  i n t e n s i t y  o f  th e  i n c i d e n t  r a d i a t i o n ,  I  i t s  

i n t e n s i t y  a f t e r  p a s s in g  th rough  th e  a b s o rb in g  m a t e r i a l ,  x t h e  

t h ic k n e s s  o f  t h e  m a t e r i a l  and u th e  l i n e a r  c o e f f i c i e n t  o f  a b s o r p t io n  

o f  th e  m a t e r i a l  (u v a r i e s  a c c o rd in g  t o  t h e  energy o f  t h e  r a d i a t i o n  and 

th e  n a tu r e  o f  th e  a b s o rb in g  m a t e r i a l ) .  A dense  m a t e r i a l ,  such a s  

c o n c r e te ,  a b s o rb s  more r a d i a t i o n  th an  a l e s s  dense m a t e r i a l ,  f o r  

example, a i r .  P o ta to e s  a r e  o f  r e l a t i v e l y  lew d e n s i t y  b u t  on ly  a sm a ll  

number o f  r a d i a t i o n - i n d u c e d  changes a r e  r e q u i r e d  t o  a l t e r  t h e  

s e n s i t i v e  p h y s io l o g i c a l  p r o c e s s e s  r e s p o n s i b l e  f o r  s p r o u t  developm ent.

The s i z e  o f  th e  r a d i a t i o n  dose r e c e iv e d  i s  dependent on th e  amount 

o f  r a d i a t i o n  i n c id e n t  on a u n i t  a r e a  o f  th e  sam ple. I f  t h e  d i s t a n c e  

between th e  s o u rc e  and th e  sample i s  in c r e a s e d  few er gamma photons 

w i l l  be i n c i d e n t  on th e  sample and a lower dose w i l l  be a d m in is te re d  

t o  th e  sam ple . The geometry o f  t h e  s o u rc e  and th e  p o s i t i o n in g  o f  

sam ples w i th in  i t  a r e  t h e r e f o r e  o f  c r i t i c a l  im portance  i n  d e te rm in in g  

t h e  dose o r  range  o f  doses  r e c e iv e d  by sam ples.

A ll  m a t e r i a l s  i r r a d i a t e d  i n  th e  c o u rse  o f  t h i s  wcrk were t r e a t e d  a t  

t h e  ^°Co gamma r a d i a t i o n  s o u rc e  i n  th e  S c o t t i s h  U n i v e r s i t i e s  R esearch  

and R eac to r  C e n tre  (S .U .R .R .C .)  a t  E a s t  K i l b r i d e .  The r e l a t i o n s h i p  

between d i s t a n c e  from t h e  s o u rc e  and th e  dose r e c e iv e d  a s  d e s c r ib e d  

above i s  r e l a t i v e l y  s im p le  f o r  a s i n g l e  p o in t  s o u rc e  o f  r a d i o a c t i v i t y ,  

however t h e  ^°Co i r r a d i a t i o n  f a c i l i t y  a t  th e  S .U .R .R .C . c o n s i s t s  o f  

s e v e r a l  s o u rc e s  mounted in  a  c y l i n d r i c a l  a r ra n g e m e n t.  T h is  makes t h e  

d o s e - d i s t a n c e  r e l a t i o n s h i p  more complex.

34



Diagram 2 .1 .  S t r u c t u r e  o f  th e  ^ C o  gamma r a d i a t i o n  so u rc e  a t  th e  

S .U .R .R .C . .

(a) C ross  s e c t i o n

to  p u l le y

aluminium v e s s e l
w a te r  tank

c e n t r a l  a x i s

Co rods

(b) P la n  view
m id -h e ig h t  a x i s

w a te r  tank

Co rods
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Diagram 2.1  r e p r e s e n t s  t h e  s t r u c t u r e  o f  t h e  s ou rce  a t  t h e

S .U .R .R .C ..  I t  c o n s i s t s  o f  a c y l i n d r i c a l  a rrangem en t o f  m eta l  rods
£\ 0

c o n ta in in g  p e l l e t s  o f  th e  i s o to p e  Co i n t o  th e  c e n t r e  o f  which an 

aluminium v e s s e l  can be in t ro d u c e d  by th e  u se  o f  a p u l le y  sy s tem . The 

so u rc e  i s  sunk i n t o  th e  c o n c re te  s t r u c t u r e  o f  th e  r e a c t o r  i t s e l f ,  a t  

t h e  base  o f  a ta n k  o f  w a te r  th rough  which th e  v e s s e l  t r a v e l s  t o  

d e l i v e r  th e  sample t o  th e  s o u rc e .  Samples t o  be  i r r a d i a t e d  a r e  p laced  

i n s i d e  th e  v e s s e l  which i s  made a i r t i g h t  b e fo r e  be ing  low ered i n t o  th e  

s o u rc e .

C o n s t ru c t in g  a r a d i a t i o n  so u rce  w ith  c y l i n d r i c a l  geom etry  i s  an 

a t te m p t  t o  minimize t h e  range  o f  doses  r e c e iv e d  by th e  d i f f e r e n t  p a r t s  

o f  sam ples i r r a d i a t e d .  However, some v a r i a b i l i t y  i s  in e s c a p a b le  as  

th e  f i n i t e  d im ensions  o f  th e  v e s s e l  e n su re  t h a t  seme p a r t s  o f  t h e  

sample a r e  c l o s e r  t o  t h e  ro d s  th a n  o t h e r s .

The amount o f  v a r i a b i l i t y  e x p e r ie n c e d  th ro u g h o u t  th e  sample has  

been e s t im a te d  by th e  t e c h n i c a l  s t a f f  o f  t h e  S .U .R .R .C ..  Some r e s u l t s  

o f  t h e i r  i n v e s t i g a t i o n s  a r e  p re s e n te d  i n  g rap h s  2.1 and 2 .2 .  These 

g rap h s  show t h a t  t h e  maximum dose i s  r e c e iv e d  a t  th e  c i rc u m fe re n c e  o f  

t h e  v e s s e l  a t  t h e  m id -p o in t  o f  th e  c e n t r a l  a x i s .  The minimum dose i s  

r e c e iv e d  a t  th e  to p  o r  bottom  o f  t h e  c e n t r a l  a x i s .
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Graph 2 .1 .  V a r ia t ion  in  dose r a t e  rece ived  at. va r ious  p o s i t i o n s  

a c ro s s  the  mid-height  ax i s  of the  S.U.R.R.C. ^ C o  

source v e s s e l .
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Graph 2 .2 .  V a r ia t io n  in  dose r a t e  rece ived  a t  var ious  p o s i t i o n s  

on the  c e n t r a l  ax i s  o f  the  S.U.R.R.C. Co source 

v e s s e l .
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2 .2  P r e l i m i n a r y  i n v e s t i g a t i o n

2 .2 .1  I n t r o d u c t i o n

The fo l lo w in g  sm a ll  s c a l e  u n r e p l i c a t e d  s tu d y  was c a r r i e d  ou t  in  

o r d e r  t o  m easure th e  deg ree  o f  i n h i b i t i o n  o f  s p ro u t  growth caused  by 

v a r io u s  i r r a d i a t i o n  d o s e s .  T h is  in fo r m a t io n  was t o  be used  t o  

d e te rm in e  t h e  dose range  s u i t a b l e  f o r  f u r t h e r  i n v e s t i g a t i o n .

2 .2 .2  E xper im en ta l

A sample o f  AO kg o f  cv . Record to p s  from a seed c rop  were donated

by U nited  B i s c u i t s  ( A g r ic u l tu r e )  L td .  th ro u g h  a n  A berdeensh ire  seed

s u p p l i e r  a s  p a r t  o f  a  l a r g e r  p o t a to  s to r a g e  s tu d y  ( f o r  d e t a i l s  o f  t h a t

s tu d y  r e f e r  t o  C hap ter  5 ) .  The p o ta to e s  were h a rv e s te d  on September 
(1986 )

27 and a r r i v e d  a t  Glasgow U n i v e r s i ty  on O ctober  2 where th e y  were
A

s to r e d  a t  8°C + 1°C i n  a c o n s ta n t  te m p e ra tu re  room u n t i l  November 13 

when th ey  were i r r a d i a t e d .

On November 13 th e  p o t a to  sample was s p l i t  i n t o  5 kg sub-sam ples  

and t r a n s p o r t e d  t o  th e  S .U .R .R .C .,  a jou rn ey  o f  ap p ro x im a te ly  15 

m i l e s ,  where i r r a d i a t i o n  was to  be c a r r i e d  o u t .  P o ta to  samples 

i r r a d i a t e d  in  t h i s  experim en t were p lac e d  i n t o  th e  v e s s e l  above an 

aluminium s p a c e r .  Th is  p o s i t i o n e d  th e  sam ples a t  th e  m idd le  o f  th e  

c e n t r a l  a x i s  o f  t h e  v e s s e l  e n s u r in g  t h a t  th e  doses  r e c e iv e d  by sam ples 

were a s  even a s  p o s s i b l e .  However, because  p o ta to  samples a r e  by 

n a tu r e  bulky  th e  sam ples f i l l e d  t h e  w id th  o f  th e  v e s s e l  c o m p le te ly .

The 10 kg sam ples used i n  l a t e r  ex p e r im en ts  were l a r g e r  and t h e r e f o r e  

th e  s p a c e r  had t o  be removed in  o r d e r  t o  i r r a d i a t e  a l l  o f  t h e  p o t a to e s  

in  one sample a t  one t im e .  The dose r a t e  o f  th e  so u rc e  was o b ta in e d  

from s t a f f  o f  t h e  S .U .R .R .C . (who m on ito r  i t  r o u t i n e l y ) ,  t h e  d u r a t i o n
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o f  exposu re  t o  th e  so u rc e  f o r  each  sample was c a l c u l a t e d  and th e  

sam ples i r r a d i a t e d .

The d o ses  used i n  t h i s  s tu d y  were; 0 , 0 .0 1 ,  0 .0 2 5 ,  0 .0 5 ,  0 .1 ,  0 .1 5 ,
_ i

0 .3 ,  0 .5  kGy a t  a dose  r a t e  o f  2 .5  kGy h . One 5 kg sample was 

i r r a d i a t e d  a t  each d o se .

A f te r  exposure  t o  t h e  so u rc e  f o r  th e  a p p r o p r i a t e  p e r io d  o f  t im e  th e  

v e s s e l  was removed from th e  so u rc e  and th e  samples t r a n s f e r r e d  i n t o  

c lo s e d  c a rd b o a rd  boxes o f  d im ensions  385 mm X 310 mm X 155 mm. These 

sam ples were r e tu r n e d  t o  t h e  c o n s ta n t  t e m p e ra tu re  room and s to r e d  a t  

8°C + 1°C.

On March 24, 131 days a f t e r  t h e  sam ples were r e tu r n e d  to  th e  

c o n s ta n t  t e m p e ra tu re  room, th e  deg ree  o f  s p ro u t  growth in  each  sample 

was a s s e s s e d .  T h i r ty  t u b e r s  were randomly s e l e c t e d  from each 

t r e a tm e n t  and th e  l e n g th  o f  t h e  lo n g e s t  s p ro u t  growing on each  tu b e r  

in  mm + 1 mm was d e te rm in e d .  T h i r t y  t u b e r s  amounted to  a lm ost th e  

e n t i r e  sample i n  most c a s e s .  A v i s u a l  exam ina t ion  was c a r r i e d  ou t to  

d e te rm ine  th e  e f f e c t  o f  i r r a d i a t i o n  on th e  a p i c a l  dominance o f  

s p r o u t in g  and th e  a p p earan ce  o f  t h e  s p r o u t s .  F i n a l l y  a l l  o f  th e  

t u b e r s  in  each t r e a tm e n t  were d e s p ro u te d  and both  th e  s p r o u t s  and th e  

d e sp ro u te d  t u b e r s  were weighed on a n  O e r t l i n g  JB52 e l e c t r o n i c  b a la n c e .  

S ince  t h e r e  was l i t t l e  s o i l  a d h e r in g  to  th e  t u b e r s  i t  was n o t  th ough t  

n e c e s s a ry  t o  wash them p r i o r  t o  w eigh ing .

2 .2 .3  R e s u l t s

I t  was found t h a t  a t  i r r a d i a t i o n  doses  o f  0 .1  -  0 .5  kGy no 

s i g n i f i c a n t  s p ro u t  growth o c c u r r e d .  I t  was n o ted  t h a t  a t  t h e s e  doses  

s p r o u t s  o f  l e s s  th a n  1 mm were p r e s e n t  and t h a t  most s p ro u t  eyes  were
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open. I t  was a l s o  found t h a t  t h e s e  s p r o u t s  c o n s i s t e d  o f  many sm a ll  

l e a v e s  bu t  no s p ro u t  e lo n g a t io n  had tak e n  p l a c e .  I t  was a l s o  found 

t h a t  t h e  growth o f  any sm a l l  s p r o u t s  ( 2 - 3  mm) t h a t  had been p r e s e n t  

a t  t h e  tim e  o f  i r r a d i a t i o n  had been h a l t e d  by th e  i r r a d i a t i o n  

t r e a tm e n t  and th e  t i s s u e  o f  such s p r o u t s  had become n e c r o t i c .  A pical 

dominance i n  t r e a t e d  t u b e r s  was b roken , t h e  m agnitude o f  th e  e f f e c t  

a ppeared  t o  i n c r e a s e  w ith  i n c r e a s i n g  i r r a d i a t i o n  d o se .

I n s p e c t io n  o f  th e  s p ro u t  measurement d a ta  a t  th e  doses  a t  which 

s p r o u t in g  o c c u r re d  r e v e a le d  t h a t  a t  some d o ses  s p r o u t in g  was 

c o m p le te ly  i n h i b i t e d  o r  g r e a t l y  reduced  i n  a number o f  t u b e r s ,  w h ile  

i n  o t h e r  t u b e r s  i n  th e  same t r e a tm e n t  a p p r e c ia b l e  s p r o u t in g  took  

p l a c e .  T h is  p robab ly  o c c u r re d  a s  a consequence o f  th e  range  o f  doses  

r e c e iv e d  w i th in  one sample a s  p r e v io u s ly  d i s c u s s e d .  H istogram s 

showing th e  d i s t r i b u t i o n  o f  s p ro u t  l e n g th s  in  t r e a tm e n t s  i n  which 

s p r o u t in g  o c c u rre d  a r e  p r e s e n te d  a s  g rap h s  2 .3  t o  2 .6 .
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Graph 2 .3 .  The sp rou t  length  d i s t r i b u t i o n  with in  a 30 tuber  sample 

o f  n o n - i r r a d i a t e d  cv. Record po ta toes  s to red  fo r  131 

days a t  8°C.
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•. The sp rou t  length  d i s t r i b u t i o n  with in  a 30 tube r  sample 

o f  cv.  Record p o ta toes  i r r a d i a t e d  a t  a dose o f  0.01 kGy 

and s t o r e d  f o r  131 days a t  8°C.
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Graph 2 .5 .  The sp rou t  length  d i s t r i b u t i o n  w i th in  a 30 tube r  sample 

o f  c v . Record po ta toes  i r r a d i a t e d  a t  a dose o f  0.025 

kGy and s to r e d  fo r  131 days a t  8°C.
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o f  cv.  Record po ta toes  i r r a d i a t e d  a t  a dose o f  0.05 kGy 

and s to r e d  f o r  131 days a t  8°C.
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Measurements o f  th e  le n g th  o f  l o n g e s t  s p ro u t  were c a t e g o r i s e d  i n t o  

two g ro u p s ,  th o se  g r e a t e r  th a n  2 mm and th o s e  l e s s  th an  o r  eq u a l  t o  2 

mm. Those p o ta to e s  w i th  s p r o u t s  g r e a t e r  th an  2 mm were c a te g o r i s e d  a s  

s p r o u t in g  w h i le  th o s e  w i th  s p r o u t s  l e s s  th an  o r  equa l  t o  2 mm were 

c a t e g o r i s e d  a s  not s p r o u t in g .  The v a lu e  o f  2 mm was chosen a s  th e  

method o f  measurement employed had an a c c u ra c y  o f  + 1 mm and t h e r e f o r e  

a maximum n o n - s p ro u t in g  le n g th  o f  1 mm would in c lu d e  measurements o f  

up t o  2 mm.

The means o f  th e  l e n g th s  o f  th e  lo n g e s t  s p ro u t  o f  s p r o u t in g  t u b e r s  

were c a l c u l a t e d  f o r  each i r r a d i a t i o n  dose and a r e  t a b u l a t e d  w ith  th e  

number o f  m easurements upon which th e y  a r e  based  in  t a b l e  2 .1 .

Table  2 .1 .  The e f f e c t  o f  i r r a d i a t i o n  dose on mean s p ro u t  l e n g th  o f  

lo n g e s t  s p r o u t  o f  s p r o u t in g  t u b e r s .

No. p o ta to e s  No. p o t a to e s  Mean le n g th  S tandard  
I r r a d i a t i o n  s p r o u t in g  no t  s p r o u t in g  o f  lo n g e s t  d e v ia t io n  
dose (kGy) (> 2 mm) (<= 2 mm) s p ro u t  (mm)

0.00 30 0 213 45 .0

0.01 30 0 178 4 2 .8

0 .025 30 0 138 46 .5

0 .05 22 8 48a 51 .3

0.10 0 30 - -

0 .15 0 30 - -

0.30 0 30 - -

0 .50 0 30 _ _

a Mean = 35 i f  s p r o u t s  o f  l e s s  th a n  o r  equa l  t o  2 mm a r e  in c lu d e d .
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The p e rc e n ta g e  s p r o u t i n g  by weight  was c a l c u l a t e d  t h u s :

Weight o f  s p r o u t s  removed (g)
% S p ro u t in g  by w eigh t =   X 100

Weight o f  d e sp ro u te d  p o ta to e s  (g)

The v a lu e s  o f  p e rc e n ta g e  s p ro u t in g  by w eight a r e  p re s e n te d  i n  t a b l e

2 .2 .

Table  2 .2 .  The e f f e c t  o f  i r r a d i a t i o n  dose on p e rc e n ta g e  

s p r o u t in g  by w e ig h t .

I r r a d i a t i o n  % S p ro u t in g  by w eigh t
_ 1

dose (kGy) (g s p r o u t s  100 g d e sp ro u te d  p o ta to e s )

0 .00 9 .36

0.01 7.25

0.025 5 .64

0.05 0 .89

0 .10 0 .00

0.15 0.00

0 .30 0.00

0.50 0.00
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2 . 2 . 4  D i s c u s s i o n

The i n i t i a l  aim o f  t h i s  experim ent was t o  examine th e  r e l a t i o n s h i p  

between dose o f  r a d i a t i o n  r e c e iv e d  and s p ro u t  g row th . I t  was found 

t h a t  a t  doses  o f  0 .10  kGy and g r e a t e r  no s p ro u t  growth took  p la c e  

d u r in g  th e  s to r a g e  p e r io d  s t u d i e d .  T h is  p r e l im in a r y  i n v e s t i g a t i o n  

a l s o  showed t h a t  a t  doses  o f  r a d i a t i o n  below th e  l e v e l  r e q u i r e d  f o r  

com plete  s p ro u t  i n h i b i t i o n  a range o f  s p ro u t  l e n g th s  cou ld  be 

o b se rv e d .  A s u b je c t iv e  a sse ssm en t  conc luded  t h a t  a p i c a l  dominance was 

overcome in  i r r a d i a t e d  p o ta to e s .

The s i z e  o f  th e  sam ples i r r a d i a t e d  i n  t h i s  i n i t i a l  work p re c lu d e  

any fo rm al s t a t i s t i c a l  a n a ly s i s  o f  th e  r e s u l t s .  However, t h e  r e s u l t s  

o b ta in e d  were th o u g h t  p rom is ing  enough to  j u s t i f y  a more r ig o r o u s  

s tu d y  from which a c l e a r e r  p i c t u r e  might emerge.
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2 .3  F u l l  s c a l e  box s t o r a g e  s tu d y

2 .3 .1  I n t r o d u c t i o n

The r e s u l t s  o b ta in e d  i n  s e c t i o n  2 .3  were th o ugh t  t o  be o f  

s u f f i c i e n t  i n t e r e s t  t o  j u s t i f y  r e p e a t i n g  th e  experim ent i n  a more 

r ig o r o u s  m anner. S ince  doses  g r e a t e r  th a n  0 .1  kGy were e f f e c t i v e  i n  

i n h i b i t i n g  s p r o u t in g  c o m p le te ly ,  t h e  sp read  o f  doses  used i n  t h i s  

s tu d y  was a l t e r e d  from th e  ran g e  used i n  t h e  p r e l im in a r y  s tu d y .  The 

changes c o n s i s t e d  o f  i n s e r t i n g  an e x t r a  dose a t  t h e  lower dose range  

and th e  o m iss io n  o f  h ig h e r  dose t r e a tm e n t s .  A second c u l t i v a r  was 

in c lu d e d  in  o r d e r  t o  obse rve  i f  s p ro u t  growth a f t e r  i r r a d i a t i o n  

d i s p la y e d  c u l t i v a r  dependence. Cv. D e s i re e  was chosen a s  th e  second 

c u l t i v a r  to  be used a s  i t  i s  g e n e r a l l y  a more v ig o ro u s ly  s p r o u t in g  

c u l t i v a r  th an  c v .  Record and a l s o  because  i t  was to  be used i n  a 

subsequen t  s tu d y .  G r e a te r  r e p l i c a t i o n  was in t ro d u c e d  i n  o r d e r  t o  t a k e  

i n t o  acco u n t  v a r i a b i l i t y  p r e s e n t  in  th e  r e s u l t s  due t o  box and 

p o s i t i o n  e f f e c t s .  F i n a l l y  measurements o f  th e  degree  o f  s p ro u t in g  

were made a t  two p o in t s  i n  th e  s to r a g e  p e r io d  r a t h e r  th an  one and th e  

p e r io d  o f  s to r a g e  s tu d i e d  was le n g th e n e d .

2 .3 .2  E xper im en ta l

140 kg o f  c v .  D e s i re e  p o ta to e s  were p u rchased  from J .  M. F a i r l i e ,  

K irk to n  Farm, K irk to n  o f  M onikie, T ayside  on December 14. A f u r t h e r  

140 kg o f  cv . Record to p  p o ta to e s  from a seed  c rop  were pu rchased  from 

T. McGregor, Murdoch C a i rn ie  Farm, Couper R e t h i l l e t ,  F i f e  on December 

18. These p o ta to e s  were s to r e d  a t  8°C +_ 1°C and a r e l a t i v e  h u m id i ty  

o f  90% + 1% i n  a c o n s ta n t  t e m p e ra tu re  room u n t i l  December 22 when th e y  

were t r a n s p o r t e d  t o  th e  S .U .R .R .C . f o r  i r r a d i a t i o n .
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Two r e p l i c a t e  10 kg samples o f  each c u l t i v a r  were i r r a d i a t e d  a t  

each  d o se .  The doses  used  were; 0, 0 .0 1 ,  0 .0 2 5 ,  0 .0 3 5 ,  0 .0 5 ,  0 .075 

and 0 .1 5  kGy. Due t o  th e  l a r g e  number o f  samples t o  be i r r a d i a t e d  i t  

was n o t  p o s s ib l e  t o  i r r a d i a t e  a l l  o f  t h e  samples on th e  same day. 

Samples i r r a d i a t e d  a t  0 .1 5 ,  0 .075 and 0 .05  were t r e a t e d  on December 22 

w h ile  t h e  rem a in ing  d o s e s ,  0 .0 3 5 ,  0 .025  and 0.01 kGy, were t r e a t e d  on 

December 23. I r r a d i a t i o n s  were c a r r i e d  ou t a s  d e s c r ib e d  in  s e c t i o n  

2 . 2 . 2 ,  exposure  t im es  were c a l c u l a t e d  a s  o u t l i n e d  i n  t h a t  s e c t i o n .  

C o n tro l  p o t a to e s  were t r a n s p o r t e d  t o  th e  S .U .R .R .C . w i th  t h e  p o ta to e s  

t o  be i r r a d i a t e d  and rem ained t h e r e  f o r  t h e  same le n g th  o f  t im e and 

under th e  same c o n d i t i o n s .

A ll  p o ta to e s  were r e tu r n e d  t o  t h e  t e m p e ra tu re  c o n t r o l  room on 

December 23. P o ta to e s  were th e n  s to r e d  a t  8°C + 1°C f o r  193 days and 

s p r o u t in g  was a s s e s s e d  tw ic e  d u r in g  t h a t  s to r a g e  p e r io d .

At t h e  f i r s t  a sse ssm en t  on March 27, 96 days a f t e r  t h e  f i r s t  

i r r a d i a t i o n s ,  th e  l e n g th  o f  th e  lo n g e s t  s p ro u t  on each o f  45 randomly 

s e l e c t e d  t u b e r s  from each box was measured t o  a p r e c i s io n  o f  +_ 1 mm. 

The p e rc e n ta g e  s p r o u t in g  by w eight i n  each box was th en  m easured . An 

a p p ro x im a te ly  3 kg sub-sam ple  was randomly s e l e c t e d  from each box, th e  

p o t a to e s  d e sp ro u te d  and th e  s p r o u t s  and d e sp ro u te d  p o ta to e s  weighed on 

an O e r t l i n g  JB52 e l e c t r o n i c  b a la n c e .  The rem a in ing  p o ta to e s  were th e n  

r e tu r n e d  t o  th e  sample boxes and th e  sample boxes were r e tu r n e d  to  

t h e  p o t a to  s t o r e .

The second s p r o u t  a sse ssm en t  was c a r r i e d  ou t  on J u ly  2 ,  193 days 

a f t e r  t h e  f i r s t  i r r a d i a t i o n s .  I t  was i n i t i a l l y  in te n d e d  t h a t  t h i s  

s p ro u t  a s se ssm en t  sh o u ld  have fo llo w ed  th e  p ro ce d u re  c a r r i e d  o u t  a t  

th e  f i r s t  a s se s s m e n t ,  however, on i n s p e c t i n g  th e  sam ples i t  was
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a p p a re n t  t h a t  i n  some t r e a tm e n t s  where s p ro u t  grow th had o c c u rre d  

s p r o u t in g  was so  e x te n s iv e  t h a t  th e  s p ro u t s  had become s t r o n g ly  

e n ta n g le d .  T h is  hampered measurement g r e a t l y  a s  removal o f  p o t a to e s  

from th e  boxes o f t e n  r e s u l t e d  i n  o th e r  t u b e r s  b e in g  i n a d v e r t e n t l y  

d e s p ro u te d .  I t  was t h e r e f o r e  dec ided  t o  a s s e s s  s p r o u t in g  i n  t h i s  c a se  

by m easu r ing  th e  p e rc e n ta g e  s p ro u t in g  by w eigh t o n ly .  As t h i s  was th e  

l a s t  measurement to  be made a l l  o f  th e  rem a in in g  t u b e r s  were 

d e s p ro u te d  and th e  s p r o u t s  and d esp ro u te d  t u b e r s  weighed as  i n  s e c t i o n

2 . 2 . 2 .

2 .3 .3  R e s u l t s  and d i s c u s s io n

2 .3 .3 .1  P r o p o r t io n  o f  s p r o u t in g  i n h i b i t e d  by i r r a d i a t i o n

An i n i t i a l  exam ina t ion  o f  th e  s p ro u t  l e n g th s  i n  t r e a tm e n t s  where 

s p r o u t in g  had t a k e n  p la c e  i n d i c a t e d  t h a t  t h e  range o f  s p ro u t  l e n g th s  

was s i m i l a r  t o  t h a t  found i n  t h e  p r e l im in a r y  s tu d y ,  i . e .  g roups o f  low 

measurem ents and h igh  measurem ents w i th in  one t r e a tm e n t  box. L in e a r  

r e g r e s s i o n  i s  t h e r e f o r e  no t  an a p p r o p r i a t e  t e c h n iq u e  to  d e s c r i b e  t h e  

r e l a t i o n s h i p s  between s p r o u t in g  and i r r a d i a t i o n  dose b ecau se ,  a s  can 

be seen  i n  th e  h is to g ram s  2 .3  t o  2 .6  p rep a re d  f o r  p o t a to e s  in  th e  

p r e l im in a r y  s tu d y ,  th e  l e n g th s  o f  s p r o u t s  w i t h in  a t r e a tm e n t  box a r e  

no t  d i s t r i b u t e d  n o rm a l ly .  In  f a c t  t h e  mean o f  th e  l e n g th  o f  th e  

lo n g e s t  s p ro u t  on t u b e r s  in  such sam ples i s  m ean ing le ss  i n  th e  c o n te x t  

o f  such a d i s t r i b u t i o n  o f  s p ro u t  l e n g th s  a s  i t  does no t  a d e q u a te ly  

d e s c r i b e  th e  deg ree  o f  s p r o u t in g  in  s p r o u t in g  tu b e r s  o r  n o n - s p r o u t in g  

t u b e r s .  However, i f  t h e  s p ro u t  measurem ents a r e  c a t e g o r i s e d  i n t o  two 

g ro u p s ,  t u b e r s  s p r o u t in g  and t u b e r s  no t  s p r o u t in g  a s  d e f in e d  in  

s e c t i o n  2 . 2 . 3 ,  a more v a l i d  s t a t i s t i c a l  model can be  f i t t e d  t o  th e  

d a t a  from which th e  p r e d i c t i o n  o f  t h e  p r o p o r t io n  o f  t u b e r s  t h a t  w i l l
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s p ro u t  a t  a g iv en  i r r a d i a t i o n  dose can be made.

The l o g i s t i c  r e g r e s s i o n  model

On th e  a d v ic e  o f  Dr. T. A i tc h is o n  o f  th e  S t a t i s t i c s  departm ent o f  

Glasgow U n iv e r s i ty  i t  was dec ided  t o  use  a l o g i s t i c  r e g r e s s i o n  model 

to  d e s c r ib e  th e  r e l a t i o n s h i p  between s p r o u t in g  and i r r a d i a t i o n  dose 

f o r  each  c u l t i v a r .  L o g i s t i c  r e g r e s s i o n  was chosen because  l o g i s t i c  

r e g r e s s i o n  models grow t o  a s t a b l e  maximum o r  decay t o  a s t a b l e  

minimum l e v e l .  The l a t t e r  d e s c r i p t i o n  f i t s  t h e  d a ta  o b ta in e d  h e r e ,  

th e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  d e c re a s e s  w ith  i n c r e a s i n g  

i r r a d i a t i o n  dose t o  a s t a b l e  l e v e l  o f  z e ro  a s  can be seen  from g rap h s

2 .7  and 2 .8 .
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The l o g i s t i c  model h as  th e  g e n e ra l  form:

a+bxe
y = ____________

. a+bx 1 +e
( e q u a t io n  2 .1 )

L o g i s t i c  r e g r e s s i o n  i s  a p p l i e d  t o  d e r iv e  a model r e l a t i o n s h i p  from 

a s e t  o f  d a ta  when one o f  th e  p a ra m e te rs  measured can have on ly  two 

p o s s ib l e  outcom es, in  t h i s  c a se  where p o t a to e s  e i t h e r  s p ro u t  o r  do not 

s p r o u t .  In  o r d e r  t o  c a r r y  ou t a l o g i s t i c  r e g r e s s i o n  th e  d a ta  was 

f i r s t  t ra n s fo rm e d  by c a l c u l a t i n g  th e  l o g i t  o f  th e  s p r o u t in g  d a ta  f o r  

each  box. The l o g i t  i s  d e f in e d  a s  th e  lo g a r i th m  o f  th e  odds o f  an 

e v en t  o c c u r r in g ,  t h a t  i s :

P r o b a b i l i t y  o f  su c c e s s  
l o g i t  = lo g e _________________________

P r o b a b i l i t y  o f  f a i l u r e

In  t h i s  s p e c i f i c  c a se  t h e  l o g i t  cou ld  have been c a l c u l a t e d  th u s :

Number o f  t u b e r s  s u c c e s s f u l l y  s p r o u t in g
l o g i t  = lo g e

Number o f  t u b e r s  no t s p r o u t in g

However, i n  o r d e r  t o  make th e  f i n a l  model more c o n v e n ie n t  t o  use  

th e  fo l lo w in g  t r a n s f o r m a t io n  was used:

Number o f  t u b e r s  s u c c e s s f u l l y  s p r o u t in g  
l o g i t  = lo g e ____________________________________________

T o ta l  number o f  t u b e r s  i n  a t r e a tm e n t

This  o p e r a t io n  has  th e  advan tage  o f  d e s c r ib in g  th e  r e l a t i o n s h i p  

between dose and p r o p o r t io n  s p r o u t in g ,  r a t h e r  th a n  between dose and 

p r o p o r t io n  no t  s p r o u t in g  a s  th e  f i r s t  o p e r a t io n  d o es .
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By t r a n s fo r m in g  e q u a t io n  2.1 i t  can be r e w r i t t e n  a s :  

y = a + bx

(e q u a t io n  2 .2 )

where y i s  th e  l o g i t  o f  th e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  and x i s  

th e  i r r a d i a t i o n  d o se .  The d a ta  has t h e r e f o r e  been t ra n s fo rm ed  i n t o  

t h e  form o f  t h e  e q u a t io n  o f  a s t r a i g h t  l i n e  on which r e g r e s s i o n  can be 

perfo rm ed .

I n f e r e n c e s  from l o g i s t i c  r e g r e s s i o n

The d a ta  was t ra n s fo rm ed  a s  d e s c r ib e d  above and a l o g i s t i c  

r e g r e s s i o n  o f  dose w ith  t h e  l o g i t  o f  s p ro u t in g  was c a r r i e d  ou t f o r  

each  c u l t i v a r .  The e q u a t io n s  o f  t h e  model r e l a t i o n s h i p s  a r e  p re s e n te d  

i n  t a b l e  2 .3 .  The c u rv e s  a r e  p l o t t e d  w ith  95% co n fid e n ce  i n t e r v a l s  in  

g rap h s  2 .9  and 2 .1 0 .

Tab le  2 .3 .  L o g i s t i c  r e g r e s s i o n  c o e f f i c i e n t s  and s ta n d a rd  e r r o r s

( s . e . )  f o r  t h e  r e l a t i o n s h i p  between i r r a d i a t i o n  dose and 

t h e  l o g i t  o f  t h e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g .

C u l t i v a r  a s . e .  b s . e .
( y - i n t e r c e p t ) ( s lo p e )

Record 5 .92  0 .502  -1 .1 4  0 .103

D e s i re e  7 .74  0 .764  - 2 .0 3  0 .205
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Graph 2 .9 .  L o g i s t i c  r e g r e s s i o n  cu rve  and 95% c o n f id e n ce  i n t e r v a l s  

d e s c r i b in g  th e  r e l a t i o n s h i p  between th e  p r o p o r t io n  of  

p o t a to e s  s p r o u t in g  and i r r a d i a t i o n  dose .  Cv. Record 

p o ta to e s  s to r e d  a t  8°C f o r  96 days.

0 . 8

0. 6

0.2

0 0.02  0 .04  0 .06  0 .08  0. 10 0 .12  0. 14

I r r a d i a t i o n  dose (kGy)

54



P
ro

po
rt

io
n 

sp
ro

u
ti

n
g

Graph 2 .1 0 .  L o g i s t i c  r e g r e s s i o n  cu rve  and 95% co n fid en ce  i n t e r v a l s  

d e s c r i b in g  th e  r e l a t i o n s h i p  between th e  p ro p o r t io n  o f  

p o ta to e s  s p r o u t in g  and i r r a d i a t i o n  d ose .  Cv. D e s ire e  

p o ta to e s  s to r e d  a t  8°C f o r  96 days.

0. 8

0 . 6

0 . 2

0 0.02  0 .04  0 .06  0 .0 8  0. 10 0 . 12 0. 14

I r r a d i a t i o n  dose (kGy)
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For an experim en t w ith  th e  a p p r o p r i a t e  number o f  d e g re e s  o f  freedom 

a r a t i o  o f  a  to  i t s  s ta n d a rd  e r r o r  o f  g r e a t e r  th a n  1.96 o r  l e s s  th an  

-1 .9 6  i n d i c a t e s  t h a t  t h e  i n t e r c e p t  o f  th e  r e g r e s s i o n  l i n e  w ith  t h e  y-  

a x i s  ( p r o p o r t i o n  s p ro u t in g )  i s  s i g n i f i c a n t l y  d i f f e r e n t  from z e ro .  

S i m i la r ly  i f  t h e  r a t i o  o f  b t o  i t s  s ta n d a rd  e r r o r  i s  g r e a t e r  th an  1.96 

o r  l e s s  th a n  -1 .9 6  th e  s lo p e  o f  th e  r e g r e s s i o n  l i n e  i s  s i g n i f i c a n t l y  

d i f f e r e n t  from z e r o ,  i n d i c a t i n g  t h a t  t h e  p r o p o r t io n  s p r o u t in g  i s  

in f lu e n c e d  by i n c r e a s i n g  th e  i r r a d i a t i o n  dose .  From t a b l e  2 .3  i t  can 

be seen  t h a t  bo th  p a ra m e te rs  in  each c u l t i v a r  were s i g n i f i c a n t l y  

d i f f e r e n t  from z e ro .  T h is  shews t h a t  t h e r e  i s  a r e l a t i o n s h i p  between 

p r o p o r t io n  o f  t u b e r s  s p ro u t in g  and i r r a d i a t i o n  d o s e .

C h i-sq u a re  g o o d n e s s - o f - f i t  t e s t s  were c a r r i e d  o u t  to  t e s t  i f  t h e  

r e l a t i o n s h i p s  between p r o p o r t io n  s p r o u t in g  and i r r a d i a t i o n  dose a r e  

a d e q u a te ly  d e s c r ib e d  by th e  e q u a t io n s  d e r iv e d  from l o g i s t i c  

r e g r e s s i o n .  Grouping low v a lu e s  o f  obse rved  and expec ted  p r o p o r t io n  

s p r o u t in g  t o g e t h e r ,  C h i-sq u a re  v a lu e s  o f  17.02 and 16.38 were 

c a l c u l a t e d  f o r  cv .  Record and cv . D e s i re e  r e s p e c t i v e l y .  The t a b u l a t e d  

c r i t i c a l  C h i-sq u a re  v a lu e  f o r  t h e  a p p r o p r i a t e  number o f  de g re e s  o f  

freedom a t  th e  5% s ig n i f i c a n c e  l e v e l  i s  i n  t h i s  c a se  2 1 .0 3 .  The 

s m a l le r  C h i-sq u a re  v a lu e s  c a l c u l a t e d  from th e  s p ro u t  d a ta  i n d i c a t e  

t h a t  t h e  models d e r iv e d  by l o g i s t i c  r e g r e s s i o n  a d e q u a te ly  d e s c r ib e  th e  

r e l a t i o n s h i p s  between t h e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  and 

i r r a d i a t i o n  d o se .

The i n f l u e n c e  o f  c u l t i v a r  on th e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  was 

i n v e s t i g a t e d  by c a l c u l a t i n g  th e  d i f f e r e n c e s  between th e  r e g r e s s i o n  

p a ra m e te rs  o f  th e  two c u l t i v a r s  a s  shown in  t a b l e  2 . 4 .  The p a ra m e te rs

a r e  s u b s c r i p t e d  D t o  i n d i c a t e  c v .  Record and n t o  i n d i c a t e  cv .R D

D e s i r e e .

56



Table  2 .4 .  D i f f e r e n c e s  i n  l o g i s t i c  r e g r e s s i o n  p a ra m e te rs  between 

c u l t i v a r s  D e s i r e e ^  and Record

aD " a R S , e *D _ S *e *R bD " bR S *e ‘D '  S , e *R

.82  0.261 -0 .8 9  0 .103

a i s  th e  y - i n t e r c e p t ,  b th e  s lo p e  and s . e .  t h e  s ta n d a r d  e r r o r .

When th e  d i f f e r e n c e s  between th e  a and b p a ra m e te rs  o f  t h e  two 

c u l t i v a r s  were d iv id e d  by t h e i r  r e s p e c t i v e  d i f f e r e n c e s  in  s ta n d a rd  

e r r o r  t h e  r e s u l t s  were bo th  g r e a t e r  th an  1.96 o r  l e s s  th a n  - 1 .9 6 .

T h is  i n d i c a t e s  t h a t  t h e r e  i s  a s i g n i f i c a n t  e f f e c t  o f  c u l t i v a r  on th e  

p r o p o r t io n  o f  t u b e r s  s p r o u t in g .

By comparing g raphs  2 .9  and 2 .10  i t  can be seen  t h a t  th e  s lo p e  o f  

t h e  r e g r e s s i o n  r e l a t i o n s h i p  f o r  cv .  D e s ire e  i s  s t e e p e r  th an  t h a t  f o r  

cv .  Record . This  can be  i l l u s t r a t e d  by r e f e r e n c e  t o  t a b l e  2 .3  in  

which i t  i s  i n d i c a t e d  t h a t  th e  s lo p e  c o e f f i c i e n t  b o f  t h e  c v .  D e s i re e  

r e g r e s s i o n  i s  l a r g e r ,  and hence th e  s lo p e  o f  t h e  l i n e  s t e e p e r ,  th an  

t h a t  o f  c v .  Record. In  a d d i t i o n  th e  cu rve  d e s c r ib in g  th e  r e l a t i o n s h i p  

in  c v .  Record p o ta to e s  i s  d i s p l a c e d  f u r t h e r  a lo n g  th e  x - a x i s ,  com plete  

s p ro u t  i n h i b i t i o n  i s  reach ed  a t  a h ig h e r  i r r a d i a t i o n  dose .  T h is  i s  

confirm ed  by t h e  s i g n i f i c a n t  d i f f e r e n c e s  found between t h e  r e g r e s s i o n  

c o n s ta n t s  i n  t h e  r e g r e s s i o n  e q u a t io n s  o f  th e  two c u l t i v a r s  in  t a b l e  

2 . 4 .  These d i f f e r e n c e s  show t h a t ,  i f  t h e  p r o p o r t io n  o f  t u b e r s  

s p r o u t in g  i s  used a s  t h e  c r i t e r i o n ,  t h e  s p ro u t in g  o f  c v .  D e s i re e  

p o t a to e s  i s  c o n t r o l l e d  by a lower i r r a d i a t i o n  dose th an  th e  s p r o u t in g  

o f  cv .  Record p o t a t o e s .  T h is  im p l ie s  t h a t  cv .  D e s ire e  i s  l e s s  

r e s i s t a n t  t o  t h e  e f f e c t  o f  i r r a d i a t i o n  on s p r o u t in g  th a n  i s  cv .

Record.
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The i r r a d i a t i o n  dose r e q u i r e d  to  c om p le te ly  i n h i b i t  s p r o u t in g  has  

been shown t o  be dependent on th e  c u l t i v a r  t o  be i r r a d i a t e d  and w i l l  

p ro b ab ly  a l s o  depend on o th e r  f a c t o r s  such a s  th e  p re v io u s  growing and 

s to r a g e  c o n d i t io n s  o f  t h e  p o t a t o e s .  From th e  r e s u l t s  o b ta in e d  from 

t h i s  p a r t i c u l a r  s tu d y  f o r  cv .  D e s i re e  a dose o f  0 .07  -  0 .0 8  kGy shou ld  

be s u f f i c i e n t  f o r  com plete  s p ro u t  i n h i b i t i o n ,  i n  th e  c a se  o f  cv .

Record th e  dose r e q u i r e d  would be 0 .10  -  0 .1 2  kGy. T h is  dose r a n g e ,  

i t  must be remembered, i s  based  on s p ro u t in g  d a ta  from th e  f i r s t  

s p ro u t  a ssessm en t  i n  t h i s  s tu d y  and th u s  r e p r e s e n t s  s p ro u t  growth 

u n t i l  t h e  end o f  March. The i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s  shou ld  be 

tem pered  by r e f e r e n c e  t o  t h e  r e s u l t s  o f  th e  second s p ro u t  a s se s s m e n t .
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2 . 3 . 3 . 2  P e rc e n ta g e  s p r o u t in g  by weight 

L i n e a r i s a t i o n  o f  p e rc e n ta g e  s p ro u t in g  by w eight d a ta

P l o t s  o f  th e  p e rc e n ta g e  s p r o u t in g  by w eight a g a in s t  i r r a d i a t i o n  

dose r e c e iv e d  showed t h a t  t h e  r e l a t i o n s h i p  between them i s  n o n - l i n e a r  

a s  can be se e n ,  f o r  example, in  graph  2 .1 1 .  No s p r o u t in g  was observed  

on March 27 a t  doses  o f  0 .075 kGy o r  g r e a t e r  i n  e i t h e r  c u l t i v a r .  By 

J u ly  2 a sm a l l  deg ree  o f  s p ro u t in g  had ta k e n  p la c e  a t  0 .075  kGy in  

b o th  c u l t i v a r s  bu t in  t h e  0 .10  and 0 .15  kGy t r e a tm e n t s  s p r o u t in g  was 

s t i l l  c o m p le te ly  i n h i b i t e d .

To s im p l i f y  th e  i n t e r p r e t a t i o n  o f  t h e  r e l a t i o n s h i p s  between th e  

d eg ree  o f  s p r o u t in g  and i r r a d i a t i o n  dose th e  d a ta  was t ra n s fo rm e d  t o  

g iv e  s t r a i g h t  l i n e  r e l a t i o n s h i p s .  S e v e ra l  t r a n s f o r m a t io n s  were 

i n v e s t i g a t e d ,  t h e  b e s t  r e s u l t s  b e in g  ach ieved  by p l o t t i n g  th e  sq u a re  

ro o t  o f  th e  p e rc e n ta g e  s p r o u t in g  by w eight a g a in s t  i r r a d i a t i o n  d o se .  

Those p l o t s  a r e  p re s e n te d  a s  g rap h s  2 .12  t o  2 .1 5 .
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I n f e r e n c e s  from t h e  r e g r e s s i o n  o f  p e rc e n ta g e  s p r o u t i n g  by we igh t  d a t a

L in e a r  r e g r e s s i o n s  o f  th e  square  ro o t  o f  p e rc e n ta g e  s p r o u t in g  by 

w eigh t and i r r a d i a t i o n  dose were c a r r i e d  ou t  and th e  r e g r e s s i o n  

in fo rm a t io n  o b ta in e d  i s  p re s e n te d  i n  t a b l e  2 .5 .  As i r r a d i a t i o n  doses  

o f  0.1 kGy o r  g r e a t e r  c o m p le te ly  i n h i b i t e d  s p r o u t in g  on ly  th e  d a t a  

from i r r a d i a t i o n  t r e a tm e n t s  a t  doses  lower th an  0 .1  kGy were 

r e g r e s s e d .

Tab le  2 .5 .  R e g re ss io n  p a ram ete rs  f o r  th e  r e l a t i o n s h i p s  between 

i r r a d i a t i o n  dose and th e  sq u a re  r o o t  o f  p e rc e n ta g e  

s p ro u t in g  by w e ig h t.

(Square  ro o t  o f  % s p ro u t in g  by w eigh t = a + b * I r r a d i a t i o n  d o s e ) .

C u l t i v a r Date a
( y - i n t e r c e p t )

b
( s lo p e )

t t t a b

D e s ire e March 29 2 .09 -0 .3 6 -2 7 .1 6 2.31

J u ly  2 5.86 -0 .6 6 - 5 .2 5 2 .2 3

a J u ly  2 6.25 -0 .7 0 -1 4 .1 4 2.26

Record March 29 2 .08 - 0 .3 2 -8 .8 3 2.31

J u ly  2 6 .18 -0 .6 5 -1 0 .7 6 2 .23

d e g r e s s i o n  p a ra m e te rs  a f t e r  removal o f  o u t ly in g  p o in t  ( s e e  be low ), 

t  i s  t h e  c a l c u l a t e d  t - r a t i o  o f  t h e  s lo p e  b and t t  b i s  t h e  

t a b u l a t e d  t - r a t i o  f o r  th e  a p p r o p r i a t e  number o f  d e g re e s  o f  

freedom a t  t h e  5% s i g n i f i c a n c e  l e v e l .

For conven ience  th e  p e rc e n ta g e  s p r o u t in g  by w eight v a lu e s  p r e d i c te d  

by th e  r e g r e s s i o n  e q u a t io n s  were p l o t t e d  a g a in s t  i r r a d i a t i o n  dose w ith  

95% c o n f id e n c e  i n t e r v a l s  in  g rap h s  2 .16  t o  2 .1 9 .
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Graph 2 .16 .

The r e l a t i o n s h i p  between i r r a d i a t i o n  dose and p e rc e n ta g e  

s p ro u t in g  by weight o f  cv .  Record p o ta to e s  a f t e r  96 days 

s to r a g e  a t  8°C. R e la t i o n s h ip  d e r iv e d  by r e g r e s s i n g  i r r a d i a t i o n  

dose w ith  t h e  squa re  r o o t  o f  p e rc e n ta g e  s p r o u t in g  by w e ig h t.
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Outer  l i n e s  r e p r e s e n t  95% c o n f ide nce  i n t e r v a l s .
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Graph 2 .17 .

The r e l a t i o n s h i p  between i r r a d i a t i o n  dose and p e rc e n ta g e  

s p ro u t in g  by weight o f  cv . D e s ire e  p o t a to e s  a f t e r  96 days 

s to r a g e  a t  8°C. R e la t io n s h ip  d e r iv e d  by r e g r e s s i n g  i r r a d i a t i o n  

dose w ith  t h e  squa re  ro o t  o f  p e rc e n ta g e  s p r o u t in g  by w e ig h t .
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I r r a d i a t i o n  dose (kGy)

Oute r  l i n e s  r e p r e s e n t  95% con f id e n ce  i n t e r v a l s .
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Graph 2 .1 8 .

The r e l a t i o n s h i p  between i r r a d i a t i o n  dose and percentage 

sp rou t ing  by weight of  cv.  Record po ta toes  a f t e r  193 days 

s to rage  a t  8°C. R e la t ionsh ip  derived by r e g re s s in g  i r r a d i a t i o n  

dose with th e  square roo t  of percentage s p rou t ing  by weight .

w
8
p  40 -

°  KCL '

35 -

oo 30
CO
-P
3O 25
CL

20  -

>>

■H
■P

CL

0.06 0.080 . 0 2

I r r a d i a t i o n  dose (kGy)

O uter  l i n e s  r e p r e s e n t  95% c o n fid en ce  i n t e r v a l s .
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Graph 2 .1 9 .

The r e l a t i o n s h i p  between i r r a d i a t i o n  dose and pe rc e n ta g e  

s p ro u t in g  by w eight o f  cv .  D e s i re e  p o ta to e s  a f t e r  193 days 

s to r a g e  a t  8°C. R e la t io n s h ip  d e r iv e d  by r e g r e s s i n g  i r r a d i a t i o n  

dose w ith  t h e  sq u a re  ro o t  o f  p e rc e n ta g e  s p r o u t in g  by weight..
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From t a b l e  2 .5  i t  can be seen  t h a t  th e  c a l c u l a t e d  v a lu e s  o f  th e  t -  

r a t i o s  o f  t h e  s lo p e  p a ram ete rs  o f  a l l  f i v e  l i n e s  g r e a t l y  exceed th e  

t a b u l a t e d  v a lu e s .  This  i n d i c a t e s  t h a t  t h e  s lo p e  b i s  s i g n i f i c a n t l y  

d i f f e r e n t  from z e r o ,  i . e .  t h a t  i r r a d i a t i o n  dose i s  l in k e d  t o  th e  

sq u a re  ro o t  o f  p e rc e n ta g e  s p ro u t in g  by w eight i n  a l l  c a s e s .

C o r r e l a t i o n s  were c a r r i e d  ou t  t o  t e s t  th e  g o o d n e s s - o f - f i t  o f  th e  

r e g r e s s i o n  l i n e s  and th e  r e s u l t s  a r e  c o n ta in e d  in  t a b l e  2 .6 .

Table  2 .6 .  C o r r e l a t i o n  p a ra m e te rs  f o r  th e  r e l a t i o n s h i p s  between 

i r r a d i a t i o n  dose and th e  sq u a re  r o o t  o f  p e rc e n ta g e  

s p r o u t in g  by w e igh t.

C u l t iv a r Date R2 r r t a b Degrees o f  freedom

D es ire e March 29 98.9 0.99 0 .63 8

J u ly  2 73.4 0 .86 0 .5 8 10

a J u ly  2 95 .7 0 .98 0 .60 9

Record March 29 90.7 0 .9 5 0 .6 3 8

J u ly  2 92 .0 0 .96 0 .58 10

a c o r r e l a t i o n  p a ra m e te rs  a f t e r  removal o f  o u t ly in g  p o i n t .
2

R i s  t h e  c o e f f i c i e n t  o f  d e te rm in a t io n  e x p re s se d  a s  a  p e rc e n ta g e .

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

r t . i s  th e  t a b u l a t e d  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  a t  th e  5% ta b

s i g n i f i c a n c e  l e v e l .

From t a b l e  2 .6  i t  can be seen  from th e  r  v a lu e s  t h a t  th e  l i n e a r  

c o r r e l a t i o n  c o e f f i c i e n t  i s  s i g n i f i c a n t  in  a l l  c a s e s  i n d i c a t i n g  a 

s t r o n g  r e l a t i o n s h i p  between th e  sq u a re  ro o t  o f  p e rc e n ta g e  s p r o u t in g  by
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2
w eigh t and i r r a d i a t i o n  d o se .  From th e  R v a lu e s  i t  can be seen  t h a t  a 

l a r g e  p r o p o r t io n  o f  th e  v a r i a b i l i t y  (> 90% w ith  th e  e x c e p t io n  o f  one 

c a se  ( se e  below )) i n  p e rc e n ta g e  s p ro u t in g  can be  accoun ted  f o r  by i t s  

r e l a t i o n s h i p  w ith  i r r a d i a t i o n  dose .

In  g raph  2 .1 5  o f  th e  p e rc e n ta g e  s p r o u t in g  by w eigh t a t  th e  second 

cv .  D e s i re e  measurement on J u ly  2 t h e  p e rc e n ta g e  s p ro u t in g  v a lu e s  

c a l c u l a t e d  f o r  t h e  p a i r  o f  r e p l i c a t e  boxes i r r a d i a t e d  a t  0 .025 kGy 

were much more v a r i a b l e  th a n  f o r  th e  o th e r  p a i r s  o f  r e p l i c a t e s  

measured on t h a t  d a t e .  T h is  r e s u l t e d  i n  very  wide co n f id e n ce  

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

Exam ination  o f  th e  i n d iv i d u a l  d a ta  p o in t s  showed t h a t  t h i s  was due to  

t h e  i n f lu e n c e  o f  on ly  one o f  t h e  r e p l i c a t e  boxes a t  t h a t  i r r a d i a t i o n  

do se .  Th is  d a ta  p o in t  was exc luded  and th e  d a ta  r e p l o t t e d  a s  g raph  

2 .2 0 .

The r e g r e s s i o n  l i n e  o b ta in e d  by e x c lu d in g  th e  o u t l i e r  has  th e
Q Q

e q u a t io n  g iv en  a t  in  t a b l e  2 .5  and c o r r e l a t i o n  p a ram ete rs  g iv en  a t  

i n  t a b l e  2 .6 .  Comparison o f  t h i s  e q u a t io n  w ith  th e  t a b l e  2 .5  

r e g r e s s i o n  in fo rm a t io n  shows t h a t  th e  o u t ly i n g  p o in t  has  a ve ry  marked 

i n f lu e n c e  on th e  p o s i t i o n  o f  th e  r e g r e s s i o n  l i n e  and i t s  e x c lu s io n  

a l s o  narrow s th e  95% c o n fid en ce  i n t e r v a l s  c o n s id e r a b ly  as  i s  shown in  

g raph  2 .2 1 .
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Graph 2 .21 .

The r e l a t i o n s h i p  between i r r a d i a t i o n  dose and pe rc e n ta g e  

s p ro u t in g  by w eight o f  cv .  D e s ire e  p o ta to e s  a f t e r  193 days 

s to r a g e  a t  8°C. R e la t io n s h ip  d e r iv e d  by r e g r e s s i n g  i r r a d i a t i o n  

dose w ith  t h e  sq u a re  ro o t  o f  p e rc e n ta g e  s p r o u t in g  by weight 

a f t e r  e x c lu s io n  of o u t ly i n g  r e p l i c a t e .
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2
I t  i s  a l s o  w orth  n o t in g  th e  improvement o f  th e  R v a lu e  and th u s  

th e  g o o d n e s s - o f - f i t  found when th e  o u t ly in g  p o in t  i s  exc luded  from th e  

J u ly  2 r e g r e s s i o n  o f  c v .  D e s i re e .  The e x c lu s io n  o f  t h a t  d a ta  p o in t  

would t h e r e f o r e  seem w e ll  j u s t i f i e d  a l th o u g h  th e  re a so n  f o r  i t s  

d e v ia t io n  from th e  r e g r e s s i o n  l i n e  i s  u n c le a r  (one p o s s ib l e  re a s o n  f o r  

t h i s  e f f e c t  may be t h a t  th e  s to r a g e  c o n d i t io n s  a t  t h e  p o s i t i o n  

o ccup ied  by t h a t  r e p l i c a t e  box w i th in  th e  s t o r e  were d i f f e r e n t  from 

th o se  i n  th e  r e s t  o f  th e  s t o r e ) .  The c o r r e c te d  r e g r e s s i o n  e q u a t io n  

f o r  t h a t  r e l a t i o n s h i p  was t h e r e f o r e  used in  p re f e re n c e  to  th e  

i n i t i a l  e q u a t io n .  The f i n a l  r e g r e s s io n  e q u a t io n s  can t h e r e f o r e  be 

s a id  to  be ad e q u a te  models from which t o  p r e d i c t  i r r a d i a t i o n  doses  

r e q u i r e d  f o r  subsequen t  e x p e r im e n ts .

The e f f e c t  o f  c u l t i v a r  on p e rc e n ta g e  s p r o u t in g  by w eight in  

i r r a d i a t e d  t u b e r s  was i n v e s t i g a t e d  by t e s t i n g  th e  homogeneity o f  th e  

r e g r e s s i o n  s lo p e s .  T h is  t - t e s t  in fo rm a t io n  i s  summarised i n  t a b l e



Table  2 .7 .  T -v a lu e s  from t e s t s  o f  homogeneity o f  t h e  s lo p e s  o f  

r e g r e s s i o n  l i n e s  r e l a t i n g  p e rc e n ta g e  s p ro u t in g  by 

weight and i r r a d i a t i o n  d o se .

Comparison t  c a l c u l a t e d  t n t a b u l a t e du . up

cv . Record March 29 and
1.14

cv . D e s ire e  March 29 

c v . Record J u ly  2 and
0 . 2 0

cv . D e s ire e  J u ly  2 

cv . Record March 29 and
43.38

cv . Record J u ly  2 

cv .  D e s i re e  March 29 and
5 .02

cv . D e s ire e  J u ly  2

The s lo p e s  o f  t h e  r e g r e s s i o n  e q u a t io n s  o f  th e  two c u l t i v a r s  were t -  

t e s t e d  a t  t h e  5% s i g n i f i c a n c e  l e v e l  f o r  bo th  d a te s  o f  m easurem ent. No 

s i g n i f i c a n t  d i f f e r e n c e  was found between th e  s lo p e s  o f  th e  two 

c u l t i v a r s  a t  e i t h e r  d a te  i n d i c a t i n g  t h a t  in  t h i s  experim en t c u l t i v a r  

had no s i g n i f i c a n t  e f f e c t  on p e rc e n ta g e  s p r o u t in g  by w e ig h t .  These 

r e s u l t s  a r e  i n  c o n t r a s t  t o  th o se  o f  s e c t i o n  2 .3 .3 .1  in  which i t  was 

found t h a t  t h e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  was s m a l le r  a t  a g iv e n  

i r r a d i a t i o n  dose in  t h e  c a se  o f  c v .  D e s ire e  sam ples th a n  i t  was i n  th e  

c a se  o f  cv . Record sam ples .

There a r e  s e v e r a l  p o s s ib l e  e x p la n a t io n s  o f  why th e  two models 

d i f f e r  on w hether  c u l t i v a r  e f f e c t s  a r e  im p o r ta n t .  F i r s t l y  th e  

p r e c i s io n  o f  t h e  models l i m i t s  such com par isons ,  t h e  l i m i t a t i o n s  o f  

th e  models a r e  more f u l l y  d i s c u s s e d  in  s e c t i o n  2 .3 .4  bu t  in c lu d e  th e

2 . 1 2

2.09

2 .1 0
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s i z e  o f  samples and th e  t im in g  o f  measurements o f  s p r o u t i n g .  As a 

r e s u l t  o f  d i f f e r e n c e s  i n  t h e  way i n  which th e  d a ta  was c o l l e c t e d  one 

model may be  p r e c i s e  enough t o  d e te c t  a s i g n i f i c a n t  c u l t i v a r  e f f e c t  

t h a t  a n o th e r  model may n o t .

Secondly  th e  m easurements made f o r  th e  two ty p e s  o f  models u se d ,  

s p r o u t in g  >= 2 mm and p e rc e n ta g e  s p ro u t in g  by w e ig h t ,  may measure 

d i f f e r e n t  a s p e c t s  o f  s p ro u t in g  and th u s  a r e  no t t r u e l y  com parable . 

P r o p o r t io n  s p r o u t in g  on ly  m easures w hether a t u b e r  i s  s p r o u t in g  o r  no t 

by th e  l e n g th  o f  i t s  lo n g e s t  s p r o u t ,  p e rc e n ta g e  s p r o u t in g  by weight 

t a k e s  acco u n t  o f  t h e  mass o f  th e  sp ro u t  i . e .  bo th  t h ic k n e s s  and l e n g th  

o f  a l l  s p r o u t s  i n  r e l a t i o n  to  th e  mass o f  th e  t u b e r .  T h e re fo re  one 

model s u g g e s t s  t h a t  t h e  p r o p o r t io n  o f  t u b e r s  s p ro u t in g  i s  c u l t i v a r  

dependent w h i le  th e  second model i n d i c a t e s  t h a t  th e  p e rc e n ta g e  

s p r o u t in g  by w eight i s  n o t .  These a re  no t  n e c e s s a r i l y  c o n t r a d i c t o r y  

v iew s.

A com parison o f  th e  s lo p e s  o f  t h e  two r e g r e s s i o n  e q u a t io n s  o f  cv . 

Record showed t h a t  th e  s lo p e  o f  th e  r e g r e s s i o n  l i n e  d e r iv e d  from th e  

J u ly  2 d a ta  was s i g n i f i c a n t l y  g r e a t e r  a t  th e  5% l e v e l  th a n  t h a t  

d e r iv e d  from th e  March 29 d a t a .  The same s i g n i f i c a n t  d i f f e r e n c e  was 

found i n  c v .  D e s i re e .  These d i f f e r e n c e s  were t o  be ex p e c te d  s in c e  in  

th e  t im e  between measurements s p ro u t  growth in  t u b e r s  where s p ro u t in g

was u n a f f e c te d  by i r r a d i a t i o n  would have tak e n  p l a c e .  Hence to  l i m i t

p e rc e n ta g e  s p r o u t in g  by w eight t o  a  p a r t i c u l a r  l e v e l  by J u ly  2

r e q u i r e s  a h ig h e r  dose th an  u n t i l  March 29.
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2 .3 .4  C o n c lu s ions

The use  o f  s p ro u t - d o s e  r e g r e s s io n  models f o r  p r e d i c t i o n

The development o f  r e g r e s s i o n  models i n  t h i s  c h a p te r  has shown t h a t  

d a ta  o b ta in e d  by th e  measurement o f  th e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  

and p e rc e n ta g e  s p r o u t in g  by w eight can be used to  p r e d i c t  e f f e c t i v e  

i r r a d i a t i o n  doses  f o r  t h e  c o n t r o l  o f  s p ro u t in g .

The p r e d i c t i o n  o f  e f f e c t i v e  i r r a d i a t i o n  doses  u s in g  th e  l o g i s t i c  

r e g r e s s i o n  models can be i l l u s t r a t e d  by f i t t i n g  d a t a  i n to  t h e  model 

e q u a t io n  f o r  each c u l t i v a r .  A v a lu e  o f  p r o p o r t io n  o f  t u b e r s  s p ro u t in g  

e qua l  t o  0.01 may be chosen , i . e .  one t u b e r  i n  a hundred w i l l  s p r o u t ,  

a s  i t  i s  a p r o p o r t io n  which f o r  p r a c t i c a l  pu rposes  can be s a id  to  

r e p r e s e n t  com plete  s p ro u t  i n h i b i t i o n .  I r r a d i a t i o n  doses  o f  0.061 kGy 

f o r  cv . D e s i re e  and 0 .092  kGy f o r  cv .  Record would, th e  model 

p r e d i c t s ,  l e a d  to  t h a t  p ro p o r t io n  o f  t u b e r s  s p ro u t in g  under th e  

c o n d i t io n s  used i n  t h i s  s tu d y .

Using th e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  t o  deve lop  model 

r e l a t i o n s h i p s  has  t h e  advan tage  t h a t  i t  i s  p o s s ib l e  t o  sim ply 

c a t e g o r i s e  th e  s to r e d  p o ta to e s  i n t o  two g ro u p s ,  th o s e  s p r o u t in g  and 

th o se  n o t  s p r o u t i n g .  I f  th e  c u t - o f f  l e v e l  o f  2 mm was t o  be used t o  

de te rm ine  which c a te g o ry  a, t u b e r  belonged t o ,  s p ro u t  a s se s sm e n ts  would 

be speeded up c o n s id e r a b ly  a s  few er t u b e r s  would r e q u i r e  measurement. 

However, t h e  c u t - o f f  l e v e l  f o r  c a t e g o r i s a t i o n  cou ld  be s e t  a t  a 

d i f f e r e n t  l e v e l  a c c o rd in g  t o  r e q u i re m e n ts .

P o ta to  p r o c e s s o r s  may a l t e r n a t i v e l y  wish t o  use  th e  p e rc e n ta g e  

s p r o u t in g  by w eight a s  th e  method o f  s p ro u t  a ssessm en t  a s  i t  i s  a 

measure o f  s p r o u t in g  w ith  which th e y  a r e  more f a m i l i a r  and f o r  which
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d a ta  e x i s t s  from p re v io u s  s t u d i e s  w ith  which com parisons can be made. 

I f  a l e v e l  o f  s p r o u t in g  a c c e p ta b le  to  p ro c e s s o rs  i s  chosen , e . g .  1% 

s p r o u t in g  by w e ig h t ,  t h e  i r r a d i a t i o n  doses  c a l c u l a t e d  from th e  

r e g r e s s i o n  e q u a t io n s  which would r e s u l t  i n  s p ro u t in g  de v e lo p in g  to  

t h a t  l e v e l  by March 29 a r e  0 .038  kGy and 0 .033 kGy f o r  c u l t i v a r s  

Record and D e s ire e  r e s p e c t i v e l y .  To keep s p r o u t in g  t o  t h a t  l e v e l  by 

J u ly  2 d o se s  o f  0 .080  kGy and 0 .075  kGy would be  r e q u i r e d  f o r  t h e  same 

r e s p e c t i v e  c u l t i v a r s .  S im i la r  p r e d i c t i o n s  were used to  choose 

e f f e c t i v e  doses  f o r  subsequen t ex p e r im e n ts .

Comparison o f  th e  r e g r e s s i o n  models d e r iv e d  from th e  p e rc e n ta g e  

s p r o u t in g  by w eigh t d a ta  w ith  th o s e  d e r iv e d  from d a ta  d e s c r i b in g  th e  

p r o p o r t io n  o f  t u b e r s  s p ro u t in g  shou ld  o n ly  be a t te m p te d  w ith  some 

c a r e .  The re a so n  f o r  such c a u t io n  i s  t h a t  a l th o u g h  b o th  measurements 

d e s c r ib e  t h e  way i n  which in c r e a s i n g  th e  i r r a d i a t i o n  dose a f f e c t s  

s p r o u t in g  th e y  d e s c r ib e  t h a t  e f f e c t  i n  d i f f e r e n t  ways.

For example i f  a p a r t i c u l a r  dose o f  r a d i a t i o n  i n h i b i t s  s p r o u t in g  in  

99% o f  t u b e r s  t h i s  p ro v id e s  no in fo rm a t io n  on hew g r e a t  th e  s p r o u t in g  

i s  w i th in  th e  rem a in ing  1%. S im i l a r ly ,  i f  a g iven  i r r a d i a t i o n  dose 

r e s u l t s  i n  a p e rc e n ta g e  s p r o u t in g  by w eight o f  1%, t h i s  does no t 

d e s c r ib e  how t h a t  w eigh t o f  s p ro u t s  i s  d i s t r i b u t e d  w i th in  t h e  sam ple . 

Thus t h e  two models can p ro v id e  complementary in fo rm a t io n  which when 

combined can g iv e  a more complete u n d e rs ta n d in g  o f  th e  e f f e c t  o f  

r a d i a t i o n  on s p r o u t in g .
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R e s t r i c t i o n s  on th e  use  o f  r e g r e s s io n  models

There a r e ,  however, l i m i t a t i o n s  t o  th e  a p p l i c a t i o n  o f  t h e  models 

deve loped  i n  t h i s  s tu d y .  F i r s t l y  on ly  one s to r a g e  season  and two 

c u l t i v a r s  were s tu d i e d .  This  l i m i t s  th e  v a l i d i t y  o f  th e  models 

d e r iv e d  from such d a t a .  The i n c l u s io n  in  th e  models o f  d a ta  from 

s e v e r a l  growing s e a s o n s ,  a s  growing c o n d i t io n s  i n t r o d u c e  s e a s o n a l  

v a r i a t i o n ,  and s e v e r a l  l o c a t io n s  would widen th e  a p p l i c a b i l i t y  o f  t h e  

m odels . Experim ents  c a r r i e d  ou t  on a p o t a to  s t o r e  s c a l e  r a t h e r  th a n  

th e  box s to r a g e  s c a l e  c a r r i e d  o u t  h e re  would p ro v id e  d a ta  from which 

models o f  s p r o u t in g  i n  i r r a d i a t e d  p o ta to e s  in  f u l l  s c a l e  p o ta to  s t o r e s  

cou ld  be d e r iv e d .  O ther  f a c t o r s  such a s  th e  t im in g  o f  i r r a d i a t i o n  

t r e a tm e n t  and th e  i n f lu e n c e  o f  th e  i n d iv id u a l  i r r a d i a t i o n  p l a n t  would 

a l s o  be o f  p r a c t i c a l  i n t e r e s t .  One f u r t h e r  l i m i t a t i o n  on th e  l o g i s t i c  

r e g r e s s i o n  models d e r iv e d  i n  t h i s  s tu d y  a r e  t h a t  th ey  a r e  based  on th e  

l e v e l  o f  s p r o u t in g  in  p o t a to e s  s to r e d  on ly  u n t i l  March. The d u r a t io n  

o f  s to r a g e  s tu d i e d  cou ld  be expanded in  any subsequen t  e x p e r im e n ts .

These problems can ,  however, be a d d re s se d  by f u r t h e r  

e x p e r im e n ta t io n .  The p r i n c i p a l  o f  d e r iv in g  r e g r e s s i o n  models o f  th e  

r e l a t i o n s h i p s  between i r r a d i a t i o n  dose and th e  l e v e l  o f  s p r o u t in g  h as  

been e s t a b l i s h e d  by t h i s  s tu d y .

F u r th e r  a p p l i c a t i o n s  o f  l o g i s t i c  r e g r e s s io n

The te c h n iq u e  o f  l o g i s t i c  r e g r e s s i o n  m ode ll ing  may a l s o  be o f  u se  

in  d e s c r i b in g  th e  s p r o u t in g  o f  p o ta to e s  t r e a t e d  w i th  some chem ica l  

s p ro u t  s u p p r e s s a n t s .  In  box expe rim en ts  where t u b e r s  were t r e a t e d  

w ith  Tecnazene d i f f e r e n c e s  i n  th e  c o n c e n t r a t io n  o f  Tecnazene in  

d i f f e r e n t  p a r t s  o f  a sample due t o  th e  v o l a t i l i s a t i o n  o f  th e  chem ica l  

a t  t h e  edges o f  th e  boxes have been shown t o  r e s u l t  i n  v a r i a b i l i t y  in

79



th e  l e v e l s  o f  s p r o u t in g  w i th in  a box. Complete c o n t r o l  o f  th e  

s p r o u t in g  o f  t u b e r s  was found a t  th e  c e n t r e  o f  boxes w h i le  t u b e r s  a t  

th e  edges e x h i b i t  s i g n i f i c a n t  s p ro u t  growth ( t h i s  e f f e c t  i s  d i s c u s s e d  

i n  C hap ter  3 ) .  Another example o f  v a r i a b i l i t y  in  th e  l e v e l  o f  

s p r o u t in g  i n  p o t a to  samples can be found in  p o t a to e s  t r e a t e d  w ith  

Chlorpropham in  l a r g e  s t o r e s  where uneven a p p l i c a t i o n  o f  Chlorpropham 

may le a d  t o  d i f f e r e n c e s  in  th e  l e v e l  o f  c o n t r o l  w i th in  d i f f e r e n t  a r e a s  

o f  th e  s t o r e .  In  bo th  o f  th e s e  examples i t  may be a p p r o p r i a t e  to  

a s s e s s  s p r o u t in g  u s in g  th e  p r o p o r t io n  o f  t u b e r s  s p r o u t in g  a s  th e  b a s i s  

o f  measurem ent. L o g i s t i c  r e g r e s s i o n  cou ld  then  be employed to  

d e s c r ib e  t h e  r e l a t i o n s h i p s  between th e  deg ree  o f  s p r o u t in g  and th e  

r a t e  o f  a p p l i c a t i o n  o f  th e  sp ro u t  s u p p r e s s a n t .
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Chapter  3

Sugar l e v e l s  o f  i r r a d i a t e d  and c h e m ic a l ly  s p ro u t  

su p p re s se d  p o ta to e s  d u r in g  s to r a g e

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

C hapter  2 d i s c u s s e d  th e  use  o f  i r r a d i a t i o n  t r e a tm e n t  a s  a means o f  

c o n t r o l l i n g  th e  s p ro u t in g  o f  p o ta to e s  d u r in g  s to r a g e .  In  t h i s  c h a p te r  

a n o th e r  e f f e c t  o f  i r r a d i a t i o n  t re a tm e n t  on p o ta to e s  i s  c o n s id e r e d ,  th e  

a ccu m u la t io n  o f  f r e e  s u g a r s .  F ree  su g a rs  a r e  th o s e  s u g a rs  found in  

f r e e  s o l u t i o n  w i t h in  t h e  t u b e r ,  t h a t  i s  t o  say  no t bound in  an 

i n s o l u b l e  p o ly s a c c h a r id e  such a s  in  s t a r c h  o r  s t r u c t u r a l  

p o ly s a c c h a r id e s .  In  p o t a to e s  th e  f r e e  s u g a rs  which p redom inate  a r e  

s u c ro s e ,  g lu c o s e  and f r u c t o s e  and t h e i r  a s s o c i a t e d  p h o sp h o ry la te d  

d e r i v a t i v e s  ( D a lz i e l ,  1978). The l e v e l s  o f  p h o sp h o ry la te d  s u g a rs  a r e  

n o rm ally  ve ry  low i n  comparison t o  th e  l e v e l s  o f  g lu c o s e ,  f r u c t o s e  and 

s u c r o s e .  They accoun t  f o r  on ly  a sm all  e r r o r  when in c lu d e d  in  

m easurements o f  su g a r  c o n te n t s  (Schwimmer e t  a l . , 1955; D a l z i e l ,

1978).

Sugars  a r e  s y n th e s iz e d  i n  th e  f o l i a g e  o f  th e  p o ta to  d u r in g  th e  

growing se aso n  and t r a n s l o c a t e d  to  th e  t u b e r s  i n  t h e  form o f  s u c ro s e .  

Sucrose  i s  th en  co n v e r ted  i n t o  t h e  s to r a g e  p o ly s a c c h a r id e  s t a r c h .  The 

i n t e r c o n v e r s i o n s  o f  g lu c o s e ,  f r u c t o s e  and s u c ro s e  a r e  made th rough  

p h o sp h o ry la te d  d e r i v a t i v e s  a s  shown i n  d iagram  3 .1 .  A dynamic 

e q u i l ib r iu m  e x i s t s  between t h e s e  th r e e  f r e e  s u g a rs  and s t a r c h  a l th o u g h  

th e  v a s t  m a jo r i t y  o f  c a rb o h y d ra te  w i l l  be i n  th e  form o f  s t a r c h  

(B ur ton , 1966). Burton n o te s  t h a t  in  m ature  t u b e r s  s to r e d  a t  10°C - 

20°C a p p ro x im a te ly  98% o f  c a rb o h y d ra te  i s  i n  th e  form o f  s t a r c h .
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*
Diagram 3 .1 . Sugar in tercon version s in  p o ta to es, 

starch

starch  phosphorylase

phosphoglucomutase v  UTP

glucose-6-phosphate <------------g lu co se -1 -phosphate > UDP-glucose + PPi

UDP-glucose phosphorylase

phosphohexoisomerase

fructose-6-phosphate

fructose-6-phosphate + UDP-glucose

sucrose phosphate synthase

sucrose-phosphate + UDP

phosphatase

sucrose + Pi

fru c to se  + UDP-glucose

sucrose synthase

sucrose + UDP

in v erta se

g lu cose  + fru c to se

UTP = Uridine triphosphate  

PPi = Inorganic pyrophosphate 

UDP = Uridine diphosphate 

Pi = Inorganic phosphate

«
compiled from Burton (1966) and Ir ita n i and W eller (1980).
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The im portance  o f  f r e e  s u g a rs  i n  p ro c e s s in g

Both f r u c t o s e  and g lu c o se  p o sse s s  a r e d u c in g  group w h ile  s u c r o s e ,  

bonded a t  t h e  r e d u c in g  end o f  bo th  of i t s  r i n g  sy s tem s, does n o t .  The 

combined g lu c o s e  and f r u c t o s e  c o n te n t  i s  t h e r e f o r e  o f t e n  r e f e r r e d  t o  

as  th e  re d u c in g  su g a r  c o n te n t  w h ile  su c ro se  i s  th e  m ajor n o n -re d u c in g  

suga r  found i n  p o ta to e s  ( D a lz i e l ,  1978). T h is  d i s t i n c t i o n  i s  

im p o r ta n t  a s  t h e  r e d u c in g  group i s  f r e e  t o  r e a c t  d u r in g  f r y i n g  w ith  

o th e r  p o t a to  c o n s t i t u e n t s .  At normal c r i s p  f r y i n g  t e m p e ra tu re s ,  

a p p ro x im a te ly  200°C, g lu c o se  and f r u c t o s e  can r e a c t  q u i t e  r e a d i l y .  At 

h ig h e r  te m p e ra tu re s  (no rm ally  avoided  by p r o c e s s o rs )  o f  a p p ro x im a te ly  

220°C, su c ro s e  can a l s o  r e a c t  (B urton , 1966).

The i n t e r a c t i o n  o f  r e d u c in g  s u g a rs  and ct-amino g ro u p s ,  p r e s e n t  

l a r g e l y  i n  t h e  form o f  f r e e  amino a c i d s ,  in  th e  f r y i n g  p ro c e s s  i s  o f  

p a r t i c u l a r  i n t e r e s t  and has  been reviewed by Burton (1966). This  

i n t e r a c t i o n  i s  an im p o r ta n t  i n i t i a l  s te p  i n  a s e r i e s  o f  r e a c t i o n s  

known a s  t h e  M a i l la rd  r e a c t i o n ,  th e  f i n a l  po lym eric  c o n d e n sa t io n  

p ro d u c ts  o f  which a r e  da rk  c o lo u red  ( E l l i s ,  1959). These dark  

c o lo u re d  p ro d u c ts  d i s c o l o u r  c r i s p s  o r  c h ip s  and make them u n a c c e p ta b le  

t o  th e  consumer (Hughes and F u l l e r ,  1984; Sowokinos, 1978).

Burton ( 1966) s u g g e s t s  t h a t  th e  l i m i t i n g  f a c t o r  i n  such 

d i s c o l o u r a t i o n  r e a c t i o n s  in  p o t a to e s  w i l l  g e n e r a l l y  be th e  re d u c in g  

suga r  c o n te n t  a s  ct-amino groups w i l l  no rm ally  be p r e s e n t  in  e x c e s s .  

Wunsch and S c h a l l e r  (1972) w h i l s t  a c c e p t in g  th e  m ajor r o l e  p layed  i n  

d e te rm in in g  p roduct  c o lo u r  by re d u c in g  s u g a rs  show t h a t  th e  c o n te n t  o f  

f r e e  amino a c id s  a l s o  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  th e  f i n a l  c o lo u r  o f  

f r i e d  p o t a t o  p r o d u c ts .

S ince  r e d u c in g  s u g a rs  p lay  a v i t a l  r o l e  in  t h i s  unwanted p ro c e s s
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th e y  a r e  measured a t  h a r v e s t  in  p o ta to e s  to  be used f o r  p ro ce sse d  

p r o d u c t s .  A range o f  between 0.1% and 0.3% re d u c in g  s u g a rs  ( f r e s h  

w eigh t)  i s  reg a rd e d  a s  a c c e p ta b le  ( Wunsch and S c h a l l e r ,  1972; Rumpf, 

1973; Burton  and W ilson, 1978), a l th o u g h  l e v e l s  o f  r e d u c in g  s u g a rs  

measured a t  h a r v e s t  do no t  g u a ra n te e  a c c e p ta b le  l e v e l s  a t  th e  t im e  o f  

p r o c e s s in g .

F a c to r s  a f f e c t i n g  f r e e  s u g a r  l e v e l s  i n  p o ta to e s

S e v e ra l  v a r i a b l e s  can a f f e c t  th e  l e v e l  o f  r e d u c in g  s u g a r s  in  

p o t a to e s  in c lu d in g  m a tu r i t y ,  tem p e ra tu re  o f  s to r a g e  and c u l t i v a r  

(B u r to n ,  1966). In  immature t u b e r s  b e fo re  h a rv e s t  s u c ro s e  i s  s t i l l  

b e in g  t r a n s l o c a t e d  from th e  f o l i a g e  t o  th e  t u b e r s .  D i r e c t ly  a f t e r  

h a r v e s t  i n te r c o n v e r s i o n  o f  t h a t  su c ro se  can le a d  t o  a su b seq u en t  

i n c r e a s e  in  r e d u c in g  s u g a r s .  T h e re fo re  su c ro se  i s  o f t e n  a l s o  m easured 

a t  h a r v e s t  a s  an  i n d i c a t o r  o f  th e  d e g re e  o f  m a tu r i t y  in  o r d e r  t o  

p r e d i c t  w hether  p o t a to e s  w i l l  be s u i t a b l e  f o r  s to r a g e  f o r  p r o c e s s in g  

(Sowokinos, 1978).

P o ta to e s  o f  d i f f e r e n t  c u l t i v a r s  may have v e ry  d i f f e r e n t  r e d u c in g  

su g a r  l e v e l s .  Burton (1965) obse rved  a range  o f  0.06% to  0.45% o f  

re d u c in g  s u g a rs  ( f r e s h  w eigh t)  in  a s tu d y  o f  7 c u l t i v a r s .  P ro c e s s o rs  

t h e r e f o r e  f a v o u r  s p e c i f i c  c u l t i v a r s  known t o  have low r e d u c in g  su g a r  

c o n te n t s .  Cv. Record was chosen  to  be used i n  t h i s  s tu d y  a s  i t  i s  a 

c u l t i v a r  w ide ly  used f o r  p r o c e s s in g  i n t o  c r i s p s .  I t  sh o u ld ,  however, 

be n o ted  t h a t  s i g n i f i c a n t  v a r i a t i o n  i n  r e d u c in g  su g a r  l e v e l s  has  been 

o b se rved  even w i th in  sam ples o f  th e  same c u l t i v a r  and c rop  (B urton , 

1965).

The de g re e  o f  v a r i a b i l i t y  i n  r e d u c in g  su g a r  c o n te n t s  a t  h a r v e s t  i s
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added t o  by th e  o b s e rv a t io n  t h a t  t h e  te m p e ra tu re  o f  subsequen t s to r a g e  

can have a marked e f f e c t  on re d u c in g  sugar  l e v e l s  (B urton , 1965; 

S c h ip p e r s ,  1975). At s to r a g e  te m p e ra tu re s  between 2°C and 7°C 

r e d u c in g  s u g a rs  can r i s e  to  u n a c ce p tab le  l e v e l s  (B u rton , 1965; P o l lo c k  

and Ap Rees, 1975; Isherw ood, 1976). Tem peratures  low er th an  0°C a r e  

avo ided  a s  they  r e s u l t  i n  c h i l l i n g  i n ju r y  due t o  w a te r  f r e e z in g  w i th in  

p o t a t o e s .  Thus a l th o u g h  s p ro u t in g  i s  i n h i b i t e d  a t  low er t e m p e ra tu re s ,  

in  o r d e r  t o  m a in ta in  a c c e p ta b ly  low re d u c in g  sugar  l e v e l s  a h ig h e r  

s to r a g e  te m p e ra tu re  i s  no rm ally  s e t  (S c h ip p e rs ,  1975; B urton  and 

W ilson, 1978).

The a c cu m u la t io n  o f  red u c in g  s u g a rs  due to  lew te m p e ra tu re  

sw ee ten ing  can under some c irc u m s ta n c e s  be r e v e r s e d  by 

" r e c o n d i t io n in g "  sweetened p o t a t o e s .  T h is  i s  c a r r i e d  o u t  by r a i s i n g  

th e  s to r a g e  te m p e ra tu re  t o  a p p ro x im a te ly  20°C f o r  a s h o r t  t im e  

a l lo w in g  th e  r e d u c in g  su g a r  c o n te n t s  t o  f a l l ,  presum ably due to  an 

in c r e a s e d  r a t e  o f  r e s p i r a t i o n  a t  th e  h ig h e r  s to r a g e  te m p e ra tu re  

(Burton and W ilson, 1978).

In  c o n t r a s t ,  s to r a g e  o f  p o ta to e s  a t  te m p e ra tu re s  o f  10°C -  20°C 

r e s u l t  in  l i t t l e  accum ula t ion  o f  su g a rs  t a k in g  p la c e  d u r in g  most o f  

th e  s to r a g e  p e r io d  (B urton , 1965). The h ig h e r  s to r a g e  t e m p e ra tu re ,  

however, r e s u l t s  in  in c re a s e d  s p ro u t  grow th . T h e re fo re  a compromise 

te m p e ra tu re  o f  a p p ro x im a te ly  10°C i s  no rm ally  used to  l i m i t  low 

te m p e ra tu re  sw ee ten ing  and reduce  s p r o u t in g  (Burton and W ilson, 1978). 

Even a t  10°C s p ro u t  growth i s  c o n s id e r a b le  and a chem ical s p r o u t  

s u p p re s s a n t  i s  c o n s id e re d  n e c e s s a ry  t o  i n h i b i t  s p r o u t in g  (B urton , 

1966 ) .

Towards th e  end o f  s to r a g e  a l a r g e  i n c r e a s e  in  r e d u c in g  s u g a rs
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t a k e s  p la c e  (B u r to n ,  1965; B urton , 1975). This  i n c r e a s e  i s  

i r r e v e r s i b l e  and r e c o n d i t i o n in g  m erely  a c c e l e r a t e s  t h e  r i s e  (Burton 

1965). T h is  e f f e c t ,  known a s  se n e sc e n t  sw ee ten in g , i s  though t  to  be 

due t o  a d e t e r i o r a t i o n  o f  c e l l  membranes due to  ag ing  (Isherw ood ,

1976). A r i s e  in  s u c ro s e  l e v e l s  has  been observed  p r i o r  t o  th e  

r e d u c in g  su g a r  r i s e  found i n  a s s o c i a t i o n  w ith  s e n e s c e n t  sw ee ten in g .

The s i z e  o f  th e  s u c ro s e  i n c r e a s e  has  been shown t o  be g r e a t e r  a t  

h ig h e r  s to r a g e  t e m p e ra tu re s  (B urton , 1965). E le v a te d  s u c ro s e  l e v e l s  

have t h e r e f o r e  been used  a s  an i n d i c a t o r  o f  oncoming senescence  

(Sowokinos, 1978).

The e f f e c t  o f  i r r a d i a t i o n  on suga r  l e v e l s

S e v e ra l  s t u d i e s  have shown t h a t  i r r a d i a t i o n  can i n c r e a s e  th e  l e v e l  

o f  f r e e  s u g a rs  p r e s e n t  in  p o t a to e s  (Sparrow and C h r i s t e n s e n ,  1954; 

Schwimmer e t  a l . , 1957; B urton , e t  a l .  1959; Kodenchery and N a ir ,  1972; 

Hayashi and Kawashima, 1982; M e t l i t s k y  e t  a l . , 1967). T h is  e f f e c t  has  

a l s o  been rev iew ed  by Matsuyama and Umeda (1983) and Thomas (1984 ).

Im m edia te ly  fo l lo w in g  i r r a d i a t i o n  t r e a tm e n t  a t  s p ro u t  i n h i b i t i n g  

doses  t h e r e  i s  a r a p id  r i s e  in  both  t h e  r e d u c in g  and n o n -red u c in g  

suga r  c o n te n t s  o f  p o ta to e s  (B urton , 1975). The in c r e a s e  in  r e d u c in g  

s u g a rs  was found to  be g r e a t e r  th e  l a t e r  in  th e  seaso n  t h a t  

i r r a d i a t i o n  to o k  p la c e  (Burton e t  a l . , 1959). The sw ee ten in g  o f  

i r r a d i a t e d  t u b e r s  was a l s o  a f f e c t e d  by f a c t o r s  known to  a f f e c t  

sw ee ten ing  in  n o n - i r r a d i a t e d  p o ta to e s  such a s  te m p e ra tu re  and c u l t i v a r  

(Schwimmer e t  a l . , 1957; Burton and Hannan, 1957).

Sucrose  l e v e l s  a l s o  e x h i b i t  a c o n s id e r a b le  p o s t - i r r a d i a t i o n  

i n c r e a s e  (B urton  e t  a l . , 1959; Rumpf, 1973; Hayashi and Kawashima, 

1982). A t y p i c a l  r e p o r t  o f  t h i s  e f f e c t  showed t h a t  i n  c v .  King Edward
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i r r a d i a t e d  a t  0 .1  kGy and s to r e d  a t  10°C, s u c ro s e  r o s e  t o  

a p p ro x im a te ly  1.0% ( f r e s h  w e igh t)  by f i v e  days a f t e r  t r e a tm e n t  and 

th e n  d e c re a se d  t o  c o n t r o l  l e v e l  w i th in  a f u r t h e r  t h r e e  weeks (B urton , 

1959).

The r i s e  i n  s u g a r  l e v e l s  i n  i r r a d i a t e d  t u b e r s  i s  th ough t  t o  be 

l in k e d  t o  an  in c r e a s e d  a c t i v i t y  o f  th e  enzyme p h o sp h o ry la se  induced  by 

i r r a d i a t i o n .  Phospho ry lase  i n  p o ta to e s  i s  r e s p o n s ib le  f o r  th e  

d e g ra d a t io n  o f  s t a r c h ,  v ia  ph o sp h o ry la ted  i n t e r m e d ia t e s ,  i n to  g lu c o s e  

and u l t i m a t e l y  t o  s u c ro s e  (Schwimmer e t  a l . , 1958; Kodenchery and 

N a ir ,  1972). Schwimmer e t  a l . , 1958) s u g g e s t  t h a t  th e  in c r e a s e d  

enzyme a c t i v i t y  may be a r e s u l t  o f  th e  r a t e  o f  th e  s y n th e s i s  o f  

p h o sp h o ry la se  exceed ing  th e  r a t e  of  i t s  d e g ra d a t io n ,  r e s u l t i n g  in  a 

n e t  i n c r e a s e  i n  p h o spho ry la se  p re s e n t  and th u s  an i n c r e a s e  i n  i t s  

a c t i v i t y .

Hayashi and Aoki (1985) p o s t u l a t e  an im por tan t  r o l e  i n  th e  

sw ee ten ing  p ro c e s s  f o r  su c ro se  phospha te  s y n th a s e ,  which c a t a l y s e s  th e  

com bina tion  o f  UDP-glucose and f ru c to s e - 6 -p h o s p h a te  i n  th e  s y n th e s i s  

o f  s u c ro s e -6 -p h o s p h a te .  In  t h e  above r a d i o l a b e l l i n g  s tu d y  in c r e a s e d  

up take  o f  l a b e l l e d  g lu c o se  i n t o  s u c ro s e  by th e  s u c ro s e  phospha te  

s y n th a s e  r o u te  was o b se rv e d .  This  im p l ie s  t h a t  s t a r c h  i s  b e in g  broken 

down t o  g lu c o s e -1 -p h o s p h a te  by phosp h o ry la se  and i s  th e n  co n v e r ted  

i n t o  s u c ro s e  by th e  s u c ro s e  phosphate  s y n th a s e  pathway.

In  t h e  same s tu d y  Hayashi and Aoki su p p o r t  Schwimmer's mechanism 

to  e x p la in  how enzyme a c t i v i t i e s  i n c r e a s e  i n  re sp o n se  t o  i r r a d i a t i o n .  

Cyclohexim ide t r e a t e d  i r r a d i a t e d  p o ta to  t i s s u e  was found no t to  

c o n v e r t  l a b e l l e d  g lu c o s e  i n t o  s u c ro s e  a s  r e a d i l y  as  i r r a d i a t e d  t i s s u e  

no t  t r e a t e d  w i th  cy c lo h ex im id e .  S ince  cyc lohex im ide  i s  known t o
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i n h i b i t  r ibosom e f u n c t io n s  t h i s  e f f e c t  i s  ev idence  f o r  t h e  involvem ent 

o f  p r o t e i n  s y n th e s i s  in  i r r a d i a t i o n  induced sw ee ten ing  and s u p p o r ts  

th e  th e o ry  t h a t  th e  s y n th e s i s  o f  key enzymes may be i n h i b i t e d  by 

i r r a d i a t i o n ,  th e  consequence o f  which i s  a n e t  accum ula t ion  o f  

r e d u c in g  s u g a rs  and s u c ro s e .

A fte r  th e  i n i t i a l  p o s t - i r r a d i a t i o n  r i s e ,  reducing  sugar le v e l s  were 

found to  g ra d u a l ly  lower during  s to rag e  (Burtcn, 1959; Burton, 1975). 

The e x te n t  o f  the  r i s e  and the  subsequent r a t e  o f  f a l l  was found to  be 

dependent on th e  da te  o f  i r r a d i a t i o n ,  a lthough  t h i s  e f f e c t  was 

in f luenced  by the  p rev ious s to rag e  regime (Burton, 1959).

The dependence o f  reducing sugar le v e l s  on th e  d a te  of i r r a d i a t i o n  

r e s t r i c t s  th e  use o f  i r r a d i a t i o n  trea tm en t to  the  e a r ly  p a r t  of the  

s to rag e  season when th e re  i s  s t i l l  enough time p r io r  to  p rocess ing  fo r  

a red u c t io n  in  sugar l e v e ls  to  an acc ep tab le  le v e l  (Burton, 1959).

Burton o bse rved  th e  o c c u rre n ce  o f  s e n e s c e n t  sw ee ten ing  e a r l i e r  i n  

th e  s to r a g e  p e r io d  i n  i r r a d i a t e d  p o ta to e s  th a n  in  c o n t r o l s .  Once 

s e n e s c e n t  sw ee ten in g  had begun, i t s  e f f e c t s  were found to  be  more 

pronounced i n  i r r a d i a t e d  p o ta to e s  th a n  in  u n t r e a te d  p o t a t o e s .

T h e re fo re  a f t e r  th e  o n s e t  o f  s e n e sc e n t  sw ee ten ing  i r r a d i a t e d  p o ta to e s  

d e t e r i o r a t e d  f a s t e r  and were u n a c c e p ta b le  f o r  p r o c e s s s in g  e a r l i e r  i n  

th e  s to r a g e  se aso n  (B urton , 1959). Burton a l s o  reg a rd e d  th e  e a r l y  

s e n e s c e n t  sw e e te n in g  o f  i r r a d i a t e d  p o ta to e s  t o  be l in k e d  to  s p ro u t  

i n h i b i t i o n  a s  e a r l y  senescence  was a l s o  observed  in  c h e m ic a l ly  sp ro u t  

su p p re sse d  p o ta to e s  (B u r to n ,  1959).

I r r a d i a t i o n ,  t h e r e f o r e ,  i n i t i a l l y  i n c r e a s e s  t h e  c o n te n t s  o f  bo th  

r e d u c in g  s u g a rs  and s u c ro s e  in  p o ta to e s  and i s  though t  t o  a c c e l e r a t e
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th e  e f f e c t s  o f  s e n e s c e n t  sw eeten ing  l a t e r  i n  s to r a g e .  Such e f f e c t s  

can be m inim ised t o  seme e x te n t  bu t  some i n i t i a l  e l e v a t i o n  in  su g a r  

c o n te n t s  i s  u n av o id ab le  i n  o r d e r  t o  m a in ta in  a low l e v e l  o f  s p r o u t in g  

in  i r r a d i a t e d  p o t a t o e s .

The e f f e c t  o f  chem ical s p ro u t  s u p p re s s a n ts  on su g a r  l e v e l s

The most w ide ly  used method f o r  th e  s p ro u t  s u p p re s s io n  o f  p o ta to e s  

s to r e d  f o r  p ro c e s s in g  i n  th e  U.K. a t  p r e s e n t  i s  t h e  use o f  chem ical 

s p ro u t  s u p p re s s a n ts  and i n  p a r t i c u l a r  Chlorpropham. The e f f e c t  o f  

chem ica l  s p ro u t  s u p p re s s a n ts  on th e  suga r  c o n te n t s  o f  p o t a to  t u b e r s  

has  no t y e t  been f u l l y  i n v e s t i g a t e d  and much o f  th e  in fo rm a t io n  

o b ta in e d  i n  t h i s  f i e l d  has  been c o n t r a d i c t o r y .  I t  does however appear  

t h a t  t h e  su g a r  c o n te n t s  o f  p o ta to e s  t r e a t e d  w i th  Chlorpropham a r e  

g e n e r a l l y  u n a f f e c te d  by t h a t  t re a tm e n t  f o r  most o f  th e  s to r a g e  p e r io d  

in  com parison w ith  c o n t r o l s  ( Isherwood and B urton , 1975). I t  i s  on ly  

tow ards t h e  end o f  s to r a g e ,  when s e n e s c e n t  sw ee ten ing  i n t e r v e n e s  t h a t  

s u c ro s e  c o n te n t s  o f  Chlorpropham t r e a t e d  p o ta to e s  r i s e  above th o s e  o f  

c o n t r o l s .

The i n f l u e n c e  o f  Tecnazene on suga r  l e v e l s  i n  p o ta to e s  h a s  n o t  been 

w ide ly  i n v e s t i g a t e d .  I t  has  been obse rved  by some w orkers  t h a t  in  

g e n e ra l  sw ee ten in g  i s  g r e a t e r  i f  s p ro u t in g  i s  c h e m ic a l ly  su p p re sse d  

(Burton and W ilson, 1978; Rumph, 1973) hence in  Tecnazene t r e a t e d  

t u b e r s  some su g a r  a ccum ula t ion  would be e x p e c te d .  D a lz ie l  (1978) 

r e f u t e s  t h i s  s u g g e s t io n  and s t a t e s  t h a t  suga r  c o n te n t s  may be 

p re s e rv e d  a t  l e v e l s  below th o s e  o f  c o n t r o l s  by th e  use  o f  Tecnazene 

t r e a tm e n t .  D a lz ie l  f u r t h e r  showed t h a t  i n  e a r l y  s to r a g e  su g a r  

c o n te n t s  r e n a in e d  u n a f f e c te d  by Tecnazene t r e a tm e n t  when s to r e d  a t  8°C 

b u t  t h a t  su g a r  c o n te n t s  in c re a s e d  i n  th e  l a t t e r  h a l f  o f  s to r a g e  w ith
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th e  o n s e t  o f  s p r o u t in g .

The e x a c t  n a tu r e  o f  th e  e f f e c t  o f  s p ro u t in g  on su g a r  l e v e l s  has 

been th e  s u b je c t  o f  sane  d e b a te ,  both r e d u c t io n s  and i n c r e a s e s  in  

su g a r  l e v e l s  have been observed  in  s p ro u t  su p p re s se d  p o ta to e s .  A 

d e f i n i t i v e  p i c t u r e  o f  t h e  in f lu e n c e  o f  s p ro u t in g  has n o t  y e t  been 

drawn. On th e  b a s i s  o f  th e  s t u d i e s  p r e s e n t ly  a v a i l a b l e  i t  i s  t h i s  

a u t h o r 1s view t h a t  w h i le  s p ro u t in g  i s  i n h i b i t e d  sugar  l e v e l s  rem ain  

low u n t i l  s e n esc e n c e  o c c u r s .

A n a ly t i c a l  method

Due t o  th e  im p o r tan ce  o f  g lu c o s e ,  f r u c t o s e  and s u c ro s e  i n  

b i o l o g i c a l  system s and t h e i r  im portance  i n  food p ro c e s s in g  many 

a n a l y t i c a l  methods have been developed  f o r  t h e i r  m easurement. T h is  

o f f e r s  a wide c h o ic e  o f  p o t e n t i a l  a n a l y t i c a l  methods f o r  th e  a n a l y s i s  

o f  th o s e  s u g a rs  i n  t h i s  s tu d y .  The fo l lo w in g  d i s c u s s io n  w i l l  on ly  

p r e s e n t  examples o f  each  type  o f  a n a ly s i s  and does no t s e t  ou t  to  

d e f i n i t i v e l y  rev iew  th e  methods a v a i l a b l e .

The c r i t e r i a  t h a t  such an a n a l y t i c a l  method must f u l f i l l  t o  be o f  

use  i n  t h i s  i n s t a n c e  a r e ;  r e p r o d u c ib le  q u a n t i f i c a t i o n  a t  th e  

s e n s i t i v i t y  r e q u i r e d ,  s p e c i f i c i t y  o f  measurement to  t h e  t h r e e  s u g a r s  

t o  be a n a ly s e d  and th e  a b i l i t y  t o  cope w ith  th e  l a r g e  number o f  

a n a ly s e s  r e q u i r e d  i n  a r e a s o n a b le  p e r io d  o f  t im e .

The a v a i l a b l e  methods f a l l  i n t o  th e  fo l lo w in g  c a t e g o r i e s .

(1) Paper chrom atography

(2) Gas chrom atography

(3) High perform ance l i q u i d  chrom atography (H .P .L .C .)

(4) S pec tropho tom etry
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Sugar m easurements by paper  chromatography ( e . g .  Chan and Cain ,

1966; J a r v i s  and Duncan, 1974) a r e  hard  to  r e a d i l y  q u a n t i f y  and 

cou ld  n o t  cope w ith  th e  l a r g e  number o f  a n a ly s e s  r e q u i r e d .  T h e re fo re  

t h i s  t e c h n iq u e  was no t  s u i t a b l e  f o r  t h i s  s tu d y .

Gas chrom atography has  been w ide ly  used in  th e  p a s t  f o r  su g a r  

a n a l y s i s  in  p o t a to e s  (Rumpf, 1973; D a l z i e l ,  1978) and i s  a 

r e p r o d u c ib l e  and s p e c i f i c  method. By t h i s  te c h n iq u e  g lu c o s e ,  f r u c t o s e  

and s u c ro s e  can be s e p a r a te d  and measured s im u l ta n e o u s ly  in  one sample 

i n j e c t i o n .  The main drawback o f  gas  chrom atography i s  th e  req u irem e n t  

f o r  a t im e  consuming d e r i v a t i s a t i o n  o f  th e  s u g a r s ,  a s  t h e  s u g a rs  

th em se lv e s  a r e  no t  v o l a t i l e  enough f o r  gas  ch rom atograph ic  a n a l y s i s  a t  

normal o p e r a t in g  te m p e ra tu re s .  S e v e ra l  ty p e s  o f  su g a r  d e r i v a t i v e s  a r e  

rev iew ed in  Blau and King (1978) and Knapp (1979). The d e r i v a t i s a t i o n  

s t e p  makes gas  ch rom atograph ic  a n a ly s i s  o f  s u g a rs  a l e n g th y  p ro c e s s  

and t h e r e f o r e  a l e s s  tim e consuming method was so u g h t .

Some H .P .L .C . methods t h a t  have been developed  f o r  s u g a r  a n a l y s i s  

r e q u i r e  d e r i v a t i s a t i o n  to  a t t a c h  a U.V. a b s o rb in g  group t o  th e  su g a r  

(Lawson e t  a l . , 1979) and a r e  t h e r e f o r e  a s  len g th y  as  g a s  

chrom atograph ic  m ethods. O ther  H .P .L .C . methods ( e . g .  Wilson e t  a l . , 

1981) u se  more s p e c i f i c  r e f r a c t i v e  index  d e t e c t o r s  and so r e t a i n  th e  

adv a n ta g e s  o f  gas  chrom atography w h i l s t  s h o r te n in g  a n a l y s i s  t im e .

Those methods would t h e r e f o r e  have met a l l  o f  t h e  c r i t e r i a  s e t  f o r  

t h i s  s tu d y .  However th e  n e c e s s a ry  equipment was u n a v a i l a b l e  a t  t h a t  

t im e .

Spectrophotom etric  methods o f  sugar a n a ly s i s  f a l l  in to  two 

c a t e g o r ie s ,  chemical and enzymic. Chemical methods ( e .g .  J a r v i s  et^
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a l . , 1974) s u f f e r  from a low degree  o f  s p e c i f i c i t y ,  t o  overcome which 

m u l t i - s t e p  a n a l y s i s  o f  a s in g l e  sample i s  n e c e s s a ry .  In  a d d i t i o n  th ey  

la c k  ad e q u a te  r e p r o d u c i b i l i t y  f o r  t h e  pu rposes  o f  t h i s  s tu d y .  Enzymic 

methods a r e  based on enzym ica l ly  c a ta ly s e d  r e a c t i o n s  which a r e  h ig h ly  

s p e c i f i c  t o  t h e  s u b s t r a t e s  g lu c o s e ,  f r u c t o s e  and s u c ro s e .  The problem 

o f  r e p r o d u c i b i l i t y  can be so lv e d  by th e  use o f  an autom ated c o n tin u o u s  

flow  system  a l l i e d  t o  a d i r e c t  comparison w ith  s ta n d a rd  suga r  

s o l u t i o n s .  T h is  system  a l s o  a llo w s  th e  a n a l y s i s  o f  a l a r g e  number o f  

samples i n  a  r e l a t i v e l y  s h o r t  p e r io d  o f  t im e  and so s a t i s f i e s  a l l  o f  

th e  c r i t e r i a  s t i p u l a t e d .

The method employed i n  t h i s  s tu d y  was th e  autom ated 

s p e c t r o p h o to m e t r ic  d e te rm in a t io n  o f  Coenradie  and N ederpel (1976) 

based on th e  enzymic a n a ly s i s  tec h n iq u e  o f  Schmidt (1961). The 

d e t a i l s  o f  t h i s  method a re  d i sc u s s e d  in  s e c t i o n  3 .2 .3  o f  t h i s  c h a p te r .

E xpe r im en ta l  o b j e c t iv e s

In  t h e  p re v io u s  d i s c u s s io n  th e  v a r i a b i l i t y  o f  p o ta to  suga r  l e v e l s  

has  been em phasised . V a r i a b i l i t y  a r i s e s  from c u l t i v a r  dependence, 

l e v e l  o f  m a t u r i t y ,  s e a so n a l  v a r i a t i o n  and s to r a g e  reg im e. I t  can , 

t h e r e f o r e ,  be d i f f i c u l t  t o  r e a d i l y  compare one s tu d y  w ith  a n o th e r .  I t  

was t h e r e f o r e  th ough t  w orthw h ile  to  make a d i r e c t  com parison  o f  su g a r  

l e v e l s  found i n  c o n t r o l , i r r a d i a t e d  and c h e m ica l ly  s p ro u t  su p p re s se d  

p o ta to e s  from th e  same crop o f  p o ta to e s  grown and s t o r e d  under th e  

same c o n d i t i o n s .

Rumpf (1973) has  c a r r i e d  ou t a s tu d y  o f  t h i s  n a tu r e  on cv . S a tu rn a  

and c v .  Tasso p o t a t o e s .  The l a t t e r  s tu d y  in v o lv e d  a d i r e c t  com parison 

o f  Chlorpropham/Propham t r e a t e d  t u b e r s  w ith  i r r a d i a t e d  t u b e r s  bu t  d id  

no t  however in c lu d e  an u n t r e a te d  c o n t r o l .  No s p ro u t  d a ta  was
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p u b l is h e d ,  t h e  s to r a g e  te m p e ra tu re  ranged from 8°C -  16°C and s u g a r  

l e v e l s  were on ly  de te rm ined  a t  a few d i s c r e t e  sample d a t e s .  In  th e  

fo l lo w in g  s tu d y  th e  suga r  l e v e l s  and d e g re e s  o f  s p r o u t in g  i n  c o n t r o l ,  

Tecnazene, Chlorpropham and i r r a d i a t e d  t u b e r s  w i l l  be compared 

th ro u g h o u t  a normal s to r a g e  season  a t  a c o n s ta n t  s to r a g e  te m p e ra tu re  

o f  8°C. The in c l u s io n  o f  t h e  Tecnazene t r e a tm e n t ,  which i s  l i k e l y  to  

p a r t i a l l y  i n h i b i t  s p r o u t i n g ,  may h o p e fu l ly  c l a r i f y  t h e  e f f e c t  o f  

s p ro u t  i n h i b i t i o n  on suga r  accum ula t ion  by p ro v id in g  in fo rm a t io n  on 

th e  e f f e c t  o f  i n te r m e d ia t e  s p ro u t  i n h i b i t i o n  on suga r  c o n te n t s .

C u l t i v a r  dependence was i n v e s t i g a t e d  by comparing two c u l t i v a r s ,  

cv . R ecord, f o r  r e a s o n s  a l r e a d y  o u t l i n e d ,  and cv . D e s i re e  a commonly 

grown, v ig o ro u s ly  s p r o u t in g  c u l t i v a r .  I f  d i f f e r e n c e s  i n  su g a r  l e v e l s  

a r e  connec ted  t o  th e  deg ree  o f  s p ro u t in g  t h i s  c u l t i v a r  com parison may 

be o f  some use i n  d i s c o v e r in g  th e  r e l a t i o n s h i p  between them. 

Experim ents  c a r r i e d  ou t  by p rev io u s  w orkers have n a t u r a l l y  concerned  

th e  commonly grown c u l t i v a r s  in  th e  l o c a l i t y  o f  th e  s tu d y  and a t  th e  

tim e  th e  s tu d y  took  p l a c e ,  i n  some c a s e s  more r e c e n t l y  in t ro d u c e d  

c u l t i v a r s  have now re p la c e d  them. As has  a l r e a d y  been d i s c u s s e d  suga r  

l e v e l s  have been shown to  be c u l t i v a r  dependent and i t  would be o f  

i n t e r e s t  t o  have in fo rm a t io n  on th e  re sp o n se  t o  i r r a d i a t i o n  o f  th e  

major c u l t i v a r  used by th e  p o ta to  c r i s p  p ro c e s s in g  in d u s t r y  i n  th e  

U.K. a t  p r e s e n t .  At th e  tim e  t h i s  s tu d y  was unde rtaken  no such 

in fo rm a t io n  was a v a i l a b l e .

I t  i s  f u r t h e r  hoped t h a t  th e  r e s u l t s  o b ta in e d  w i l l  h e lp  t o  c l a r i f y  

th e  e f f e c t  t h a t  i r r a d i a t i o n  has  on th e  p ro c e s s  o f  s e n e s c e n t  

sw e e te n in g .
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3 .2  E x p e r im en ta l

3 .2 .1  S p rou t  s u p p re s s a n t  t r e a tm e n ts

Cv. D e s i re e  p o ta to e s  used in  t h i s  i n v e s t i g a t i o n  were h a rv e s te d  on 

O ctober 15 a t  A rk le s to n  Farm, Renfrew a s  p a r t  o f  a f i e l d  t r i a l  c a r r i e d  

ou t by M. Leonard t o  i n v e s t i g a t e  th e  e f f e c t  o f  Tecnazene on subsequen t 

seed  growth (Leonard , 1988). P o ta to e s  from th e  c o n t r o l  t r e a tm e n t  i n  

t h a t  f i e l d  experim en t were graded  and 200 kg o f  ware g rad e  (>45 mm) 

t u b e r s  were t r a n s p o r t e d  t o  Glasgow U n iv e r s i ty  f o r  u se  i n  t h i s  s tu d y .

A f u r t h e r  200 kg o f  cv .  Record p o t a t o e s ,  to p s  from a seed c ro p ,  were 

pu rchased  from D. R u s s e l ,  Mawhill Farm, M aw hill , K in ro ss  i n  S c o t la n d  

on November 12. P o ta to e s  o f  both  c u l t i v a r s  were s p l i t  i n t o  10 kg 

subsam ples  each o f  which was p lac e d  i n t o  a ca rdboard  box o f  d im ensions 

38 .5  cm X 31 cm X 15.5 cm. A ll  boxes were th en  s to r e d  i n  a  c o n s ta n t  

t e m p e ra tu re  room a t  8°C _+ 1°C and r e l a t i v e  hum id ity  o f  84% + 1% u n t i l  

November 19.

The p o ta to e s  o f  each c u l t i v a r  were d iv id e d  i n t o  t h e  fo l lo w in g  f iv e  

t r e a tm e n t s ;  c o n t r o l  ( u n t r e a t e d ) ,  two i r r a d i a t i o n  d o se s ,  Chlorpropham 

t r e a t e d  and Tecnazene t r e a t e d .  Four r e p l i c a t e  boxes were f i l l e d  f o r  

each t r e a tm e n t  o f  each  c u l t i v a r ,  g iv in g  40 boxes in  t o t a l .  The two 

i r r a d i a t i o n  doses  were chosen , f i r s t  o f  a l l ,  t o  i n h i b i t  s p r o u t in g  t o  a 

n e g l i g i b l e  l e v e l .  The second c o n s id e r a t io n  was t o  chose two doses  

which were f a r  enough a p a r t  t o  a l lo w  any dose dependence o f  su g a r  

c o n te n t s  t o  be a p p a re n t  w h ile  s t i l l  rem ain ing  w i th in  th e  dose range  

t h a t  would no rm ally  be used t o  p rev en t  s p r o u t in g .  For t h e s e  r e a s o n s ,  

a f t e r  c o n s id e r a t i o n  o f  th e  models d e r iv e d  i n  C hap ter  2 and a l lo w in g  

f o r  a m arg in  o f  e r r o r ,  doses  o f  0 .1 0  and 0.15 kGy were chosen .

A ll  boxes were t r a n s p o r t e d  t o  th e  S .U .R.R.C . on November 19 where
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th o se  t o  be i r r a d i a t e d  were t r e a t e d .  The exposure  t im e s  r e q u i r e d  f o r  

each t r e a tm e n t  were c a l c u l a t e d  as  o u t l i n e d  in  s e c t i o n  2 .2 .1  o f  C hap ter  

2 . Each sample was t r a n s f e r r e d  from th e  box t o  th e  i r r a d i a t i o n  

v e s s e l ,  exposed t o  th e  so u rce  f o r  th e  r e q u i r e d  tim e and r e tu r n e d  to  

th e  box. No s p a c e r  was p laced  below samples d u r in g  t h e s e  i r r a d i a t i o n s  

a s  th e  10 kg sam ples a lm ost com ple te ly  f i l l e d  t h e  i r r a d i a t i o n  v e s s e l .  

A ll  boxes were th e n  r e tu r n e d  t o  Glasgow U n iv e r s i ty  where th ey  were 

p laced  i n  a c o n s ta n t  te m p e ra tu re  room under th e  c o n d i t io n s  d e s c r ib e d  

above .

Chemical s p ro u t  s u p p re s s a n t  t r e a tm e n ts  were a p p l i e d  a t  th e  normal

f u l l  commercial dose f o r  each che m ica l ,  t h a t  i s  20 mg Chlorpropham

-1  -1kg p o ta to e s  o r  135 mg Tecnazene kg p o t a t o e s .  An a lum ina  du s t

fo rm u la t io n  o f  each chem ical was used f o r  a p p l i c a t i o n  i n  o rd e r  to  

ac h ie v e  even d i s t r i b u t i o n  o f  t h e  chem ical th ro u g h o u t  th e  box.

The w eigh t o f  Chlorpropham (Sigma C hem icals ,  U .S .A .) r e q u i r e d  f o r  

th e  t r e a tm e n t  o f  8 boxes (1 .6  g) was d i s s o lv e d  i n  a p p ro x im a te ly  2-5 

cm o f  a n a l y t i c a l  g rade  hexane (Rathburn C hem icals ,  U.K.) and poured 

i n t o  a 500 g screw  capped g l a s s  j a r  c o n ta in in g  200 g o f  g rad e  0 

a lum ina  (Spence and Sons, S c o t l a n d ) .  The j a r  was l e f t  open t o  th e  

a tm osphere  f o r  s e v e r a l  m inu tes  t o  a l lo w  th e  s o lv e n t  t o  e v a p o ra te  a f t e r  

which t h e  j a r  was s e a l e d .  The j a r  was shaken  v ig o ro u s ly  by hand f o r  2 

m inu tes  and th e n  p lac e d  i n  an oven a t  35°C f o r  1 hour t o  e n s u re  t h a t  

th e  chem ica l  was v o l a t i l i s e d .  The j a r  was th en  t r a n s f e r r e d  t o  an end-  

ov e r-en d  sh a k e r  and shaken o v e rn ig h t  a t  room te m p e ra tu re  t o  even ly  

ad so rb  th e  Chlorpropham o n to  t h e  a lum ina . The weight o f  Tecnazene 

(A ld r ic h  C hem ica ls ,  U.K.) r e q u i r e d  to  t r e a t  a f u r t h e r  8 boxes (1 0 .8  g) 

was a d so rbed  on to  a second 200 g o f  a lum ina in  th e  same way.

95



Boxes o f  p o t a to e s  to  be t r e a t e d  w ith  Chlorpropham o r  Tecnazene 

were removed from t h e  c o n s ta n t  tem p e ra tu re  room on November 20. The 

weight o f  d u s t  f o rm u la t io n  r e q u i r e d  t o  t r e a t  one box o f  each  o f  th e  

two chem ica l  t r e a tm e n t s  was c a l c u l a t e d  and th e  two fo rm u la t io n s  

s u b d iv id e d .  Each box o f  p o ta to e s  was t r e a t e d  by s c a t t e r i n g  th e  d u s t  

th ro u g h o u t  th e  box as  ev e n ly  a s  p o s s ib l e  t a k in g  c a re  t o  d u s t  th e  

c o rn e r s  and edges o f  t h e  boxes.

A f te r  t r e a tm e n t  t h e  boxes were c lo s e d  and r e tu r n e d  t o  th e  c o n s ta n t  

te m p e ra tu re  room where th ey  were p o s i t io n e d  randomly and s to r e d  a t  8°C
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3 .2 .2  Sam pling and su g a r  e x t r a c t i o n  p rocedu re

Sampling

At v a r io u s  i n t e r v a l s  i n  th e  s to r a g e  p e r io d  a r e p r e s e n t a t i v e  sample 

was removed from each box and th e  l e v e l s  o f  r e d u c in g  s u g a rs  and 

su c ro se  de te rm in ed  i n  each .  Samples were ta k e n  more f r e q u e n t l y  a t  th e  

beg in n in g  o f  th e  s to r a g e  p e r io d  a s  i t  h a s  been obse rved  t h a t  l a r g e r  

f l u c t u a t i o n s  i n  su g a r  c o n te n t s  o ccu r  in  i r r a d i a t e d  p o ta to e s  soon a f t e r  

t r e a tm e n t  (B u r to n ,  1959; B urton , 1965; Schwimmer e t  a l . , 1957; Hayashi 

and Kawashima, 1982). I f  t h e  d a te  o f  i r r a d i a t i o n  t r e a tm e n t  i s  d e f in e d  

as  day 0, sam ples were ta k e n  on days 6 , 13, 28, 49, 84, 120, 161, 203 

and 273, i . e .  w i th  th e  i n t e r v a l  between sam ples g r a d u a l ly  i n c r e a s i n g .  

By th e  end o f  th e  s to r a g e  p e r io d  in  mid-August n in e  sam ples had been 

removed from each box and t h e r e  was i n s u f f i c i e n t  m a te r i a l  rem a in in g  t o  

c o n t in u e  th e  e x p e r im e n t .

S ix  t u b e r s  were sampled from each box, fo u r  o f  average  s i z e ,  one 

l a r g e r  th an  a v e rag e  and one s m a l le r  th a n  a v e ra g e .  As f a r  a s  p o s s ib l e  

th e  sampled tu b e r s  were tak e n  randomly from th ro u g h o u t  t h e  whole box. 

I f  s p r o u t s  were p r e s e n t  on any o f  t h e  t u b e r s  sampled th e  le n g th  o f  th e  

lo n g e s t  s p ro u t  on th e  t u b e r  was measured in  mm + 1 mm. The t u b e r s  

from each sample were d e s p ro u te d ,  washed, bu lked  and weighed and th e  

combined w eigh t o f  t h e i r  s p r o u t s  a l s o  n o te d .

Each tu b e r  was c u t  t o  th e  d e s i r e d  s i z e  and th e n  "ch ipped"  u s in g  a 

household  p o t a to - c h ip p in g  d e v ic e  w ith  b la d e s  7 .5  mm a p a r t  ( B r a b a n t i a ,  

H o l la n d ) .  The p o ta to  c h ip s  from a l l  s ix  t u b e r s  were b u lk e d ,  mixed and
3

a 100 g subsam ple weighed i n t o  a p re-w eighed  600 cm b e a k e r .
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Sugar e x t r a c t i o n  p rocedu re

When th e  c e l l s  o f  t h e  p o ta to  a r e  r u p tu r e d  by c u t t i n g ,  subsequen t 

enzymic a c t i v i t y  can a l t e r  th e  c o n c e n t r a t io n  o f  s u g a rs  p r e s e n t ,  f r e e  

su g a rs  can be i n t e r c o n v e r t e d  and s t a r c h  broken down t o  r e l e a s e  more 

f r e e  s u g a r s .  I n  a t t e m p t in g  to  measure th e  l e v e l s  o f  f r e e  s u g a r s  in  

s to r e d  p o ta to e s  by e x t r a c t i o n  i t  i s  n e c e s s a ry  t o  co m p le te ly  d i s r u p t  

th e  c e l l s  o f  th e  p o t a to e s  u s e d .  I t  i s  e s s e n t i a l  to  avo id  a s  much 

in te r c o n v e r s io n  and d e g ra d a t io n  a s  p o s s ib l e  i n  o r d e r  t o  make a s  

a c c u r a te  a measurement a s  p o s s ib l e  o f  s u g a r  c o n te n t s .  Burton and 

Hannan (1957) recommend th e  f r e e z i n g  o f  samples t o  -20°C p r i o r  t o  

e x t r a c t i o n .

To m inim ise  t h e s e  changes th e  e x t r a c t i o n  p ro ced u re  i n  t h i s  s tu d y  

was c a r r i e d  ou t  a s  q u ic k ly  as  was r e a s o n a b ly  p o s s ib l e .  The e x t r a c t a n t  

chosen was m ethanol a s  g lu c o s e ,  f r u c t o s e  and s u c ro s e  a r e  s o lu b l e  in  

methanol a t  t h e  c o n c e n t r a t io n s  r e q u i r e d  and a l s o  because  only  

n e g l i g i b l e  enzymic a c t i v i t y  can ta k e  p la c e  in  m ethanol s o l u t i o n .  

A d d i t io n a l ly  e x t r a c t i n g  th e  s u g a rs  w ith  m ethanol has  th e  f u r t h e r  

advan tage  o f  a l lo w in g  a d e la y  between th e  e x t r a c t i o n  and a n a l y s i s  o f  

su g a r  s o l u t i o n s .  I t  has  been obse rved  t h a t  a d e la y  o f  over  a y e a r  in  

p ro p e r ly  s to r e d  e x t r a c t s  caused  no change t o  m easurab le  su g a r  c o n te n t s  

(Boyd, 1986). As a f u r t h e r  s a fe g u a rd  m ethanol used f o r  e x t r a c t i o n s  

was p re -c o o le d  by th e  a d d i t i o n  to  i t  o f  s o l i d  C02 ( D i s t i l l e r s ,  U .K .) .  

(The s u b l im a t io n  te m p e ra tu re  o f  C02 i s  -7 8 .5 ° C ) .

The weighed 100 g subsample o f  t u b e r  m a t e r i a l  was th en  t r a n s f e r r e d  

i n t o  th e  g l a s s  base  o f  a t o p - d r iv e  m a c e ra te r  (Townson and M ercer,
-3

U.K.) and 250 cm o f  C02-co o le d  m ethanol was added . The p o ta to  c h ip s  

were b lended  w ith  t h e  m ethanol f o r  t h r e e  m inu tes  a t  t h e  end o f  which
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the  m ixture and washings were f i l t e r e d  under reduced p ressu re  u s ing

9.0 cm d iam eter Whatman N o.1 f i l t e r  paper (Whatman, U.K. ) .  The
3

r e s id u a l  s o l id s  were washed w ith  two 100 cm volumes of methanol, the
3

f i l t r a t e  decanted in to  a 500 cm volum etric  f l a s k  w ith  washings and
3

the  e x t r a c t  was made up to  500 cm with methanol. The f l a s k  c o n ten ts
3

were mixed w ell and two r e p l i c a t e  sub-samples o f  approxim ately  10 cm
3

of th e  e x t r a c t  were t r a n s f e r r e d  in to  two 15 cm sample b o t t l e s  and 

r e ta in e d  fo r  a n a ly s i s .
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3 .2 .3  A n a ly s is  o f  e x t r a c t s

Procedure fo r  g lucose  measurement

Glucose was measured by l in k in g  i t s  enzymic c o n v e rs io n  t o  

g lu c o n a te -6 -p h o s p h a te  w i th  th e  r e d u c t io n  o f  NADP+ shown in  d iagram  

3 .2 .  In  d iagram  3 .2  enzymes 1. and 2. a r e  hexok inase  (E .C .2 .7 .  1.1) 

and g lu c o s e -6 -p h o s p h a te  dehydrogenase ( E .C .1 .1 .1 .4 9 ) .  G lucono-5- 

l a c to n e - 6 - p h o s p a te  i s  h ig h ly  u n s ta b le  and h y d ro ly s e s  r e a d i l y  t o  

g lu c o n ic  a c id -6 -p h o s p h a te  (Yudkin and O ffo rd ,  1975).

As can be  seen  from g raph  3.1 NADPH a b so rb s  l i g h t  a t  340 nm, i n  th e  

U.V. w aveleng th  ra n g e ,  w h ile  NADP+ does n o t .  The c o n v e rs io n  o f  

g lu c o s e -6 -p h o s p h a te  t o  g lu c o n a te -6 -p h o sp h a te  i s  s to i c h io m e t r i c  and 

t h e r e f o r e  t h e  amount o f  g lu c o se  p re s e n t  i n  th e  sample can be measured 

by th e  com parison o f  t h e  U.V. ab so rb an ces  o f  r e a c te d  g lu c o s e  s ta n d a rd  

s o l u t i o n s  t o  sam ples w i th in  th e  l i n e a r  range  o f  t h e  method.

A s i n g l e  mixed Glucose  r e a g e n t  f o r  t h i s  method i s  s u p p l ie d  by 

Technicon D ia g n o s t ic s  (H olland) a s  a f r e e z e - d r i e d  p r e p a r a t i o n  which i s  

r e c o n s t i t u t e d  by th e  a d d i t i o n  o f  d i s t i l l e d  w a te r .  When r e c o n s t i t u t e d  

th e  r e a g e n t  c o n ta in s  >1000 u n i t s  hexok inase  and >80 0 u n i t s  g lu c o s e - 6 -  

phosphate  dehydrogenase  p e r  l i t r e .  In  a d d i t i o n  th e  r e c o n s t i t u t e d  

re a g e n t  c o n ta in s  ATP (1 .4  mmolar), NADP+ (0 .8  mmolar) and th e  enzymic 

c o - f a c t o r  Mg + (10 mmolar).
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Diagram 3 .2  The enzymic c o n v e rs io n  o f  g lu co se  to  g lu c o n a te  .

c h 2o h

H O

1.
+  A T P

O H

O H

glucose

+  A D P

H O  > — r  O H  

O H

glucosc-6-phosphate

+  N A D P
2 .

H O  N  V  O H  

OH

g lucose-6 -phospha te

O +  N A D P HO H
H O

O H

g lu c o n o lac to n e -
6 -p h o s p h a te

C O O H
I

H C O H
I

—  H O C H
I

H C O H
I

H C O H

c h 2o ®

g lu c o n o lac to n e -  g lucon ic  acid-6-
6 -p h o s p h a te  p h o s p h a te

O H
H O

O H

O H

(p) is equivalent to the phosphate group —o —P = 0

O H

£
fo r  a d e s c r ip t io n  o f  the  enzymes involved  see t e x t .
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Procedure f o r  r e d u c in g  s u g a r  m easurem ent

Reducing s u g a r s  were m easured  by c o n v e r t in g  f r u c t o s e  e n z y m ic a l ly  t o  

g lu c o s e -6 -p h o s p h a te  a s  shown i n  d iag ram  3 . 3 .  The enzymes 1 . and 3 . i n  

diagram 3 .3  a r e  h e x o k in a s e  and phosp h o g lu co se  i so m e ra s e  ( E . C . 5 . 3 . 1 .9) 

r e s p e c t i v e l y .  The t o t a l  g lu c o s e - 6 - p h o s p h a te  c o n c e n t r a t i o n  was th e n  

measured a s  d e s c r i b e d  above and t h u s  r e p r e s e n t e d  t h e  combined 

c o n t r i b u t i o n s  o f  g lu c o s e  and f r u c t o s e ,  i . e .  r e d u c in g  s u g a r s .

3
For r e d u c in g  s u g a r  m easurem ents  1 cm o f  pho sp h o g lu co se  i s o m e ra s e

3
suspens ion  (B o e h r in g e r ,  F .D .R . ) ,  0 .2 5  cm o f  h e x o k in a s e /g l u c o s e - 6 -  

phosphate d e h y d ro g e n a se  s u s p e n s io n  and 50 mg ATP were added t o  and 

g e n t ly  mixed w i th  t h e  T echn icon  g lu c o s e  r e a g e n t .  A d d i t io n a l  ATP and 

h e x o k in a s e /g lu c o s e - 6 -p h o s p h a te  d e h y d ro g e n a se  were r e q u i r e d  a s  a  l a r g e r  

amount o f  g l u c o s e - 6 - p h o s p h a te  was t o  be c o n v e r t e d .

Procedure f o r  s u c r o s e  m easurem ent

S ucrose  was m easured  by e n z y m ic a l ly  c a t a l y s e d  h y d r o l y s i s  o f  s u c r o s e  

to  f r u c t o s e  and g l u c o s e ,  c o n v e r s io n  o f  t h o s e  m o n o sa c c h a r id es  t o  

g lu c o s e -6 -p h o s p h a te  and th e  d e t e r m i n a t i o n  o f  t o t a l  g lu c o s e - 6 - p h o s p h a te  

c o n c e n t r a t io n  a s  c a r r i e d  o u t  f o r  t h e  f r u c t o s e  m easu rem en ts  d e s c r i b e d  

above. The h y d r o l y s i s  r e a c t i o n  i s  d e s c r i b e d  i n  d iag ram  3 . A. The 

enzyme A. i n  d iag ram  3 . A i s  r u c t o s i d a s e  ( E .C .3 .2 . 1 . 2 6 ) .

S ucrose  h y d r o l y s i s  was c a r r i e d  o u t  u s in g  a ^ - f r u c t o s i d a s e  s o l u t i o n

prepared  by m ix in g  250 mg o f  ^ - ^ r u c t o s i d a s e  ( B o e h r in g e r ,  F .D .R . ) w i th  
3

100 cm o f  d i s t i l l e d  w a t e r ,  f i l t e r i n g  th ro u g h  Whatman No.1 f i l t e r

3paper (Whatman, U.K.) and m aking t h e  f i l t r a t e  up t o  100 cm i n  a 

v o lum etr ic  f l a s k .  S u c ro se  h y d r o l y s i s  i s  more pH s e n s i t i v e  th a n  t h e  

o th e r  r e a c t i o n s  i n  t h e  a n a l y t i c a l  p ro c e d u re  and had t o  be b u f f e r e d  t o
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o b ta in  c o n s i s t e n t  r e s u l t s .  A sodium  h y d r o x i d e / a c e t i c  a c id  b u f f e r  a t  

pH 4 .6  was t h e r e f o r e  used  f o r  s u c r o s e  m easu rem en ts .

Sucrose  c o n c e n t r a t i o n  was c a l c u l a t e d  by s u b t r a c t i n g  th e  

c o n t r i b u t i o n  made by g lu c o s e  and f r u c t o s e  from th e  t o t a l  g l u c o s e - 6 -  

phosphate c o n c e n t r a t i o n .  T h e r e f o r e  t o  m easure  r e d u c in g  s u g a r s  and 

sucro se  sm a l l  a l i q u o t s  o f  each  sample w ere  a n a ly s e d  on th e  s u c r o s e  and 

reduc ing  s u g a r s  sy s te m s  and s u g a r  c o n c e n t r a t i o n s  c a l c u l a t e d  by 

d i f f e r e n c e .
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Diagram 3.

Diagram

3 The enzymic c o n v e rs io n  o f  f r u c to s e  t o
*

glucose-6-phosphate  .

H O C H ^ O ^  C H 2O H  j ® o h 2c  c h 2o h

fructose

+ A D P

O H

fructose-6-phosphate

® o h 2c  c h 2o h

O H

O H

f ruc to se -6 -p h o sp h a te

O H
HO  N  - K  O H  

O H

g lucose-6 -phospha te

LA The enzymic conversion o f  sucrose to  g lucose  and

fr u c to s e  .

H O

C H a O H C H aO H  

O.

— o —Jw<C H a O H

O H  O H

sucrose

4.
+  HaO

CHaOH C H a O H

O O H

C H aO H

g lucose fruc to se

fo r  a d e s c r ip t io n  o f  the enzymes involved see t e x t .
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An a l y t i c a l  i n s t r u m e n t a t i o n

Sugar a n a l y s i s  was c a r r i e d  o u t  u s i n g  t h e  Techn icon  Au toAna lyzer  I I  

system c o m p r i s i n g  -  Sampler  IV a u t o s a m p l e r ,  P r o p o r t i o n i n g  pump I I I ,  

water  b a th  a t  c o n s t a n t  t e m p e r a t u r e  (35°C) and s i n g l e - c h a n n e l  

c o l o r i m e t e r .  Absorbance  l e v e l s  were m o n i to re d  by t h e  c o n n e c t i o n  o f  

the c o l o r i m e t e r  t o  a  Dynamaster  c h a r t  r e c o r d e r  and t o  a  BBC B 

microcomputer .  Computer  s o f t w a r e  d e s ig n e d  s p e c i f i c a l l y  f o r  t h e  t a s k  

of  d a t a  c o l l e c t i o n  and p r o c e s s i n g  on t h e  A u t o a n a l y s e r  I I  sys tem  was 

w r i t t e n  by D r .T .H .F lo w e r s  o f  t h e  A g r i c u l t u r a l  C he m is t ry  s e c t i o n  o f  

Glasgow U n i v e r s i t y .

I t  was e s t i m a t e d  t h a t  by t h e  end o f  t h e  s u g a r  e x t r a c t i o n  p r o c e s s  

the  f i n a l  e x t r a c t i o n  s o l u t i o n  was 85% v / v  m ethano l  a s  some w a t e r  was 

c o - e x t r a c t e d  from t h e  p o t a t o e s  w i t h  t h e  s u g a r s .  F o r  t h i s  r e a s o n  

s t a n d a rd  s u g a r s  s o l u t i o n s  were p r e p a r e d  i n  85% v / v  m e t h a n o l .  The
_3

s ta n d a rd  s o l u t i o n s  used  were 1 and 2mg cm g l u c o s e ,  f r u c t o s e  and 

sucrose  (Sigma, U .S .A . )  depend ing  on  t h e  c o n c e n t r a t i o n  o f  t h e  sample  

s o l u t i o n s  t o  be m easu red .

Glucose s o l u t i o n s  were used  a s  t h e  p r im a ry  s t a n d a r d s  t h r o u g h o u t  f o r  

the  a n a l y s i s  o f  a l l  t h r e e  s u g a r s .  Conve rs ion  w i t h i n  t h e  sy s tem  o f  

f r u c t o s e  and s u c r o s e  t o  g l u c o s e - 6 - p h o s p h a t e  was p e r i o d i c a l l y  checked  

dur ing  measurement  by t h e  a n a l y s i s  o f  f r u c t o s e  and s u c r o s e  s t a n d a r d  

s o l u t i o n s ,  whose a b s o r b a n c e  was t h e n  compared t o  t h a t  o f  a  g l u c o s e  

s tanda rd  o f  t h e  same c o n c e n t r a t i o n .
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3.3 R e s u l t s

Sprouting

No a p p r e c i a b l e  s p r o u t i n g  was o b s e rv e d  i n  e i t h e r  o f  t h e  i r r a d i a t i o n  

t r e a tm e n t s  o r  i n  t h e  Chlorpropham t r e a t e d  p o t a t o e s  t h r o u g h o u t  t h e  

pe r iod  o f  s t o r a g e  o f  10 months ,  f rom November t o  Augus t .  S p r o u t i n g  

was o b s e rv e d ,  however ,  on c o n t r o l  and Tecnazene  t r e a t e d  t u b e r s .

Within boxes  o f  p o t a t o e s  t r e a t e d  w i t h  Tecnazene s p r o u t i n g  was n o t a b l y  

uneven,  much g r e a t e r  s p r o u t i n g  was o b s e rv e d  a t  t h e  f o u r  edges  o f  t h e  

boxes t h a n  i n  t h e  m i d d l e .  The d e g r e e s  o f  s p r o u t i n g  i n  t h e  Tecnazene  

and c o n t r o l  t r e a t m e n t s  o f  c v .  Record and c v .  D e s i r e e  a r e  d i s p l a y e d  i n  

graphs 3 . 2 ( a )  and 3 . 2 ( b )  r e s p e c t i v e l y .

Sugar c o n t e n t s

A s t a n d a r d  c u r v e  o f  a b s o r b a n c e ,  measured a s  c h a r t  r e c o r d e r  peak 

he igh t  i n  mm, a g a i n s t  g l u c o s e  c o n c e n t r a t i o n  i s  p r e s e n t e d  a s  g rap h  3 . 3 .  

From graph  3 . 3  i t  can b e  s e en  t h a t  t h e r e  i s  a l i n e a r  r e s p o n s e  r a n g e
_3

f o r  t h e  method be tween  a p p r o x i m a t e l y  0 mg and 5 mg g l u c o s e  cm . A l l  

samples a n a l y s e d  i n  t h i s  s t u d y  were found t o  be w i t h i n  t h a t  l i n e a r  

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

Reducing s u g a r s  and s u c r o s e  c o n t e n t s  were c a l c u l a t e d  a s  p r e v i o u s l y  

o u t l i n e d  and e x p r e s s e d  a s  g s u g a r ( s )  p e r  100 g p o t a t o  on  a f r e s h  

weight  b a s i s  ( f . w g t . ) .  The l e v e l s  o f  r e d u c i n g  s u g a r s  and s u c r o s e  f o r  

each c u l t i v a r  t h r o u g h o u t  t h e  s t o r a g e  p e r i o d  a r e  p l o t t e d  i n  g r a p h s  3 . 4  

to  3 .7 .
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E f fe c t  o f  c u l t i v a r  on s u g a r  c o n t e n t s

An a n a l y s i s  o f  v a r i a n c e  p r o c e d u r e  was c a r r i e d  o u t  t o  d e t e r m i n e  

whether t h e r e  was any  o v e r a l l  s i g n i f i c a n t  d i f f e r e n c e  between  t h e  s u g a r  

c o n te n t s  o f  t h e  two c u l t i v a r s .  The r e s u l t s  o f  t h a t  p r o c e d u r e  a r e  

con ta ined  i n  t a b l e  3 . 1 .

Table  3 . 1 .  The e f f e c t  o f  c u l t i v a r  on t h e  mean p e r c e n t a g e  

s u g a r  c o n t e n t s  o f  c v .  D e s i r e e  and c v .  Record 

p o t a t o e s  o v e r  a  com ple te  s t o r a g e  p e r i o d .

Mean s u g a r  c o n t e n t  (% f r e s h  w e igh t )

C u l t i v a r
Reduc ing
Suga rs

S u c ro se T o t a l
Sugars

D e s i re e 0 .550 0 .2 3 3 0.781

Record 0.531 0 .233 0.751

F s t a t i s t i c 0 . 7 3 1.62 1.04

The F s t a t i s t i c  g i v e s  a  measure  o f  t h e  p r o b a b i l i t y  o f  a  d i f f e r e n c e  

in  means a r i s i n g  b e c a u s e  o f  a  r e a l  d i f f e r e n c e  i n  t h e  e f f e c t  o f  

t r e a tm e n t s  r a t h e r  t h a n  by c h a n c e .  T a b u l a t e d  F v a l u e s  r e p r e s e n t  t h e  

h ig h es t  v a l u e  a  d i f f e r e n c e  i n  means co u ld  have  i f  t h e  d i f f e r e n c e  a r o s e  

by chance a t  a  g i v e n  p r o b a b i l i t y .  For  t h e  t e s t  o f  s i g n i f i c a n c e  o f  t h e  

da ta  i n  t a b l e  3 .1  i n  95% o f  c a s e s  t h e  F s t a t i s t i c  c a l c u l a t e d  would 

exceed t h e  t a b u l a t e d  v a l u e  i f  t h e r e  was a  r e a l  d i f f e r e n c e  be tw een  t h e  

means. Thus t h e  F v a l u e  c a l c u l a t e d  i n  t a b l e s  f o r  t h e  a p p r o p r i a t e  

number o f  d e g r e e s  o f  f reedom  i s  compared w i t h  F v a l u e s  c a l c u l a t e d  from 

the e x p e r i m e n t a l  d a t a .  I f  t h e  t a b u l a t e d  v a l u e  f o r  t h e  5% s i g n i f i c a n c e
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l e v e l  i s  exceeded  t h e n  t h e r e  i s  a  95% p r o b a b i l i t y  t h a t  t h e r e  i s  a 

s i g n i f i c a n t  d i f f e r e n c e  between  t h e  means. The F - s t a t i s t i c  f o r  t h e  

a p p r o p r i a t e  number o f  d e g r e e s  o f  f reedom i n  t h i s  c a s e  i s  3 . 9 ,  

t h e r e f o r e  i n  t h i s  s t u d y  t h e r e  was no s i g n i f i c a n t  o v e r a l l  d i f f e r e n c e  

between c u l t i v a r s  a t  t h e  5% s i g n i f i c a n c e  l e v e l .

A s tu d y  o f  g r a p h s  3 . A t o  3 . 7 ,  however ,  r e v e a l s  t h a t  d i f f e r e n c e s  i n

sugar c o n t e n t s  can be s e e n  w i t h i n  c u l t i v a r s  a t  v a r i o u s  p o i n t s  i n  t h e  

s to r a g e  p e r i o d .  The com par i sons  i n  t a b l e  3 .1  were made o v e r  t h e  whole 

s to r a g e  p e r i o d  and more s u b t l e  s h o r t e r  t e rm  d i f f e r e n c e s  i n  s u g a r  

c o n te n t s  o c c u r r i n g  may n o t  be b e i n g  d e t e c t e d  by an o v e r a l l  c u l t i v a r  

comparison.  The d a t a  f rom each  c u l t i v a r  was t h e r e f o r e  a n a l y s e d  

in d e p e n d e n t ly  b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  s u g a r  c o n t e n t s  a t  

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

thought  a d v i s a b l e  t o  compare t r e a t m e n t s  a t  i n d i v i d u a l  sample  d a t e s  i n

any f u r t h e r  s t a t i s t i c a l  a n a l y s i s .

E f fec t  o f  t r e a t m e n t  on s u g a r  c o n t e n t s

To d e t e r m i n e  i f  t h e r e  were any d i f f e r e n c e s  be tw een  t h e  s u g a r  

c o n te n t s  i n  c o n t r o l  p o t a t o e s  and t h o s e  whose s p r o u t i n g  had been  

i n h i b i t e d  a m u l t i p l e  com par ison  p r o c e d u r e  was c a r r i e d  o u t .  The 

procedure used  was D uncan 's  New M u l t i p l e  Range T e s t  (DMRT) which  t e s t s  

the  s i g n i f i c a n c e  o f  a  d i f f e r e n c e  i n  t r e a t m e n t  means by i n i t i a l l y  

ranking them a c c o r d i n g  t o  s i z e  and t e s t i n g  each  r a n k  a g a i n s t  a 

d i f f e r e n t  t e s t  v a l u e .  D u n c a n ' s  New M u l t i p l e  Range T e s t  was chosen  a s  

i t  i s  s l i g h t l y  more c o n s e r v a t i v e  t h a n  F i s h e r ' s  L e a s t  S i g n i f i c a n t  

D i f fe r en c e  wh ich ,  b e c a u s e  o f  t h e  v a r i a b l e  n a t u r e  o f  t h e  d a t a  o b t a i n e d  

in  t h i s  e x p e r i m e n t ,  c o u ld  r e s u l t  i n  d i f f e r e n c e s  b e i n g  found  where  no 

r e a l  d i f f e r e n c e s  e x i s t .  D u n c a n ' s  New M u l t i p l e  Range T e s t  i s  n o t ,
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however, so  c o n s e r v a t i v e  a s  t o  o b s c u re  many r e a l  d i f f e r e n c e s .  Reade rs  

r e q u i r i n g  a  more d e t a i l e d  d i s c u s s i o n  o f  Duncan’s New M u l t i p l e  Range 

Test a r e  r e f e r r e d  t o  Dowdy and Wearden (1983 ) .

The r e s u l t s  o f  t h e  Duncan’ s  New M u l t i p l e  Range T e s t s  a r e  

con ta ined  i n  t a b l e s  3 . 2  and 3 . 3 .
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3.4 C o n c lu s io n s

I n i t i a l  s u g a r  c o n t e n t s

As h a s  been  o u t l i n e d  p r e v i o u s l y  r e d u c i n g  s u g a r  l e v e l s  a r e  c r i t i c a l  

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

l e v e l  p r i o r  t o  s t o r a g e  b e i n g  t e s t e d  r o u t i n e l y  a t  h a r v e s t .  From t a b l e s  

3 .2 and 3 . 3  i t  can be s e e n  t h a t  t h e  i n i t i a l  l e v e l  o f  r e d u c i n g  s u g a r s  

in  cv.  D e s i r e e  was 0.52% ( f r e s h  w e igh t )  w h i l e  i n  c v .  Record t h e  l e v e l  

was 0.61% ( f r e s h  w e i g h t ) .  These v a l u e s  would b e  c o n s i d e r e d  r a t h e r  

high and p o t a t o e s  w i t h  such  l e v e l s  would n o t  be used  f o r  t h e  

manufacture  o f  c r i s p s  where l e v e l s  o f  0 .1 -  0.3% a r e  c o n s i d e r e d  more 

s u i t a b l e  ( B u r to n  and W i l son ,  1978) .  The f a c t  t h a t  t h e s e  v a l u e s  a r e  

g r e a t e r  t h a n  n o r m a l ly  a c c e p t e d  shows once more t h e  v a r i a b i l i t y  i n  

sugar l e v e l s  t h a t  can  b e  o b s e rv e d  be tween  d i f f e r e n t  s t u d i e s .

The h igh  i n i t i a l  r e d u c i n g  s u g a r  c o n t e n t s  found i n  t h i s  s t u d y  were 

probably due t o  a  c o m b i n a t i o n  o f  f a c t o r s .  F i r s t l y  most p o t a t o e s  used 

in  p r o c e s s i n g  come from an a r e a  s e v e r a l  hundred  m i l e s  t o  t h e  South o f  

t hose  used i n  t h i s  e x p e r i m e n t .  S c o t l a n d ’ s p o t a t o  c rop  i s  l a r g e l y  used  

f o r  dom es t ic  consum pt ion  o r  s e ed  p r o d u c t i o n .  At t h e  end o f  t h e  

growing s e a s o n  i n  S c o t l a n d  t h e  ambien t  t e m p e r a t u r e  i s  g e n e r a l l y  l i k e l y  

to  be s e v e r a l  d e g r e e s  C e l s i u s  low er  t h a n  i n  t h e  s o u t h e r n  p o t a t o  

producing  a r e a s .  The e f f e c t  o f  t e m p e r a t u r e  on s u g a r  c o n t e n t s  can  b e  

c r i t i c a l  and a  lower  g round  t e m p e r a t u r e  may have r e s u l t e d  i n  a  d e g re e  

of  low t e m p e r a t u r e  s w e e t e n i n g  o f  t h e  p o t a t o e s  used  i n  t h i s  s t u d y .

Another  i m p o r t a n t  f a c t o r  i n  p o s t - h a r v e s t  s w e e te n i n g  i s  t h e  l e v e l  o f  

m a t u r i t y  o f  p o t a t o e s .  S l i g h t l y  above a v e r a g e  s u c r o s e  l e v e l s  i n  

c o n t r o l  samples  o f  b o t h  c u l t i v a r s  a p p e a r  t o  i n d i c a t e  some d e g r e e  o f  

immaturi ty  a t  h a r v e s t  which  c o u ld  have  l e d  t o  t h e  a c c u m u l a t i o n  o f
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reduc ing  s u g a r s  i m m e d ia te ly  a f t e r  h a r v e s t ,  a l t h o u g h  t h e  l e v e l s  o f  

0.25% i n  c v . Record and 0.22% i n  c v . D e s i r e e  on t h e  f i r s t  d a t e  o f  

measurement do n o t  g r e a t l y  exceed  a  t y p i c a l  v a l u e  o f  a p p r o x i m a t e l y  0.1 

- 0.2% f o r  m atu re  t u b e r s  ( B u r ton  and W il son ,  1978) .  At t h e  e a r l i e s t  

measurement d a t e  i n  November most  o f  t h e  s u c r o s e  may a l r e a d y  have been  

convert ed  t o  r e d u c i n g  s u g a r s  a s  such  c o n v e r s i o n  can o c c u r  v e r y  soon 

a f t e r  h a r v e s t  ( B u r to n ,  1966) .  With h i n d s i g h t  i t  would have been  

i n f o r m a t iv e  t o  have measured  s u c r o s e  and r e d u c i n g  s u g a r s  d i r e c t l y  a t  

h a r v e s t ,  however ,  u n f o r t u n a t e l y  t h a t  would n o t  have been  p o s s i b l e  i n  

t h i s  c a se  a s  t h e  c v .  Record p o t a t o e s  were p u r c h a s e d  from a t h i r d  

p a r t y .

Some f u r t h e r  e v i d e n c e  t h a t  i m m a t u r i t y  c o u ld  have been  r e s p o n s i b l e  

f o r  t h e  o b s e r v e d  h ig h  r e d u c i n g  s u g a r  l e v e l s  i s  found i n  t h e  way 

reduc ing  s u g a r  c o n t e n t s  t h e m s e l v e s  change  d u r i n g  t h e  e a r l y  s t a g e s  o f  

s t o r a g e .  From g r a p h s  3 . A and 3 .5  i t  can be s e e n  t h a t  r e d u c i n g  s u g a r s  

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

may i n d i c a t e  t h a t  immature  t u b e r s  a r e  c o n v e r t i n g  r e d u c i n g  s u g a r s  i n t o  

s t a r c h .  Th is  p a t t e r n  o f  r e d u c i n g  s u g a r  f a l l  can  a l s o  o c c u r  i n  m a tu r e  

tu b e r s  a s  t h e y  a d j u s t  t o  t h e  t e m p e r a t u r e  o f  t h e  s t o r e  and  s h o u l d  

not  be t a k e n  a s  c o n c l u s i v e  e v id e n c e  o f  i m m a t u r i t y .  I t  i s ,  however ,  

not  i n c o n s i s t e n t  w i t h  i m m a t u r i t y .  The r e d u c i n g  s u g a r  c o n t e n t s  o f  t h e  

two c h e m i c a l l y  t r e a t e d  b a t c h e s  t e n d  t o  f l u c t u a t e  more t h a n  t h o s e  i n  

the c o n t r o l s  d u r i n g  t h e  e a r l y  p e r i o d  o f  s t o r a g e ,  a l t h o u g h  t h i s  may 

have been c a u s e d  by rem oving  them from t h e  c o n s t a n t  t e m p e r a t u r e  room 

to  be t r e a t e d .

Whether t h e  s u g a r  c o n t e n t s  o f  t h e  p o t a t o e s  s t u d i e d  h e r e  were h i g h e r  

due t o  low t e m p e r a t u r e  s w e e te n i n g  o r  i m m a t u r i t y  t h e  i n i t i a l  l e v e l s
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were h i g h e r  t h a n  would be n o r m a l ly  a c c e p t e d .  C o n s e q u e n t ly  t h e  e f f e c t  

of  i r r a d i a t i o n  and c h e m ic a l  s p r o u t  s u p p r e s s a n t s  on s u g a r  c o n t e n t s  must  

be i n t e r p r e t e d  b e a r i n g  i n  mind such i n i t i a l l y  h ig h  s u g a r  l e v e l s .

E f f e c t  o f  i r r a d i a t i o n  on  r e d u c i n g  s u g a r s

The most d r a m a t i c  e f f e c t  o f  t r e a t m e n t  v i s i b l e  i n  g r a p h s  3 .4  and 3 .5  

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

a f t e r  i r r a d i a t i o n  t r e a t m e n t .

From t a b l e s  3 . 2  and 3 . 3  i t  can  b e  seen  t h a t  t h e  r e d u c i n g  s u g a r  

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

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  c o n t r o l s  f rom t h e  b e g i n n i n g  o f  s t o r a g e  

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

sample d a t e  i n  November may n o t  r e p r e s e n t  t h e  maximum c o n t e n t  o f  

r educ ing  s u g a r s  r e a c h e d  a f t e r  i r r a d i a t i o n  a s  t h e  l e v e l s  o n l y  f a l l  f rom 

t h a t  p o i n t .  The maximum c o n t e n t s  may have  been r e a c h e d  e a r l i e r  a s ,  

f o r  example,  Bu r ton  i n d i c a t e d  t h a t  a  s h a r p  r i s e  and f a l l  i n  t h e  e a r l y  

days o f  s t o r a g e  t a k e s  p l a c e  ( B u r to n ,  1959) .  I n  f a c t  t h e  maximum 

va lue o f  r e d u c i n g  s u g a r s  r e a c h e d  i s  n o t  t h e  most  c r i t i c a l  p a r a m e t e r  o f  

i n t e r e s t  t o  p r o c e s s o r s .  I n  p r a c t i c e  p r o c e s s o r s  may be more i n t e r e s t e d  

in  how q u i c k l y  t h e  r e d u c i n g  s u g a r  l e v e l s  f a l l  a f t e r  t r e a t m e n t  and 

most i m p o r t a n t l y  what  l e v e l  t h e y  ca n  e x p e c t  a t  t im e  o f  p r o c e s s i n g .

Although t h e  i n i t i a l l y  m easured  s u g a r  l e v e l s  may n o t  r e p r e s e n t  t h e  

maximum v a l u e  a c h i e v e d  t h e y  a r e  s t i l l  h i g h  enough t o  make t h e  p o t a t o e s  

of  no u se  t o  p r o c e s s o r s  a t  t h a t  t i m e .  However, t h e  l e v e l s  p r e s e n t  

f a l l  from t h a t  p o i n t  i n  b o t h  c u l t i v a r s  u n t i l  J u n e .

The p a t t e r n  o f  r e d u c i n g  s u g a r  l e v e l s  f rom t h e  f i r s t  sample d a t e  

onwards i s  l e s s  c o n s i s t e n t  b u t  f o l l o w s  a  g e n e r a l  downward t r e n d .  By
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m id-February  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  from c o n t r o l s  found  

in  e i t h e r  c u l t i v a r  and t h e r e  were s i g n i f i c a n t l y  lower l e v e l s  o f  

r educ ing  s u g a r s  i n  i r r a d i a t e d  t u b e r s  a f t e r  t h e  m id - F e b ru a r y  s a m p l in g  

da te  i n  c v .  Record ,  and a f t e r  t h e  A p r i l  s a m p l ing  d a t e  i n  c v .  D e s i r e e .

From e a r l y  June  onwards t h e  r e d u c i n g  s u g a r  l e v e l s  i n  cv .  Record 

con t inued  t o  f a l l  b u t  i n  c v .  D e s i r e e  t h e r e  was a  r a p i d  r i s e  t o  a  l e v e l  

above t h a t  o f  t h e  c o n t r o l s .  T h i s  s h a r p  r i s e  i n  r e d u c i n g  s u g a r s  i n  cv .  

Des i ree  may have  been  i n d i c a t i v e  o f  s e n e s c e n c e  o c c u r r i n g  i n  c v .

D e s i r e e .  The d i s c u s s i o n  o f  s u c r o s e  l e v e l s  i n  cv .  D e s i r e e  i n  t h e  

f o l l o w in g  t e x t  adds  w e i g h t  t o  t h a t  s u p p o s i t i o n .

In c v .  D e s i r e e  by t h e  end o f  t h e  s tu d y  i n  mid-Augus t  t h e  r e d u c i n g  

sugar  l e v e l s  were no  l o n g e r  s i g n i f i c a n t l y  lower  t h a n  i n  c o n t r o l s  a s  

the l e v e l s  o f  r e d u c i n g  s u g a r s  i n  i r r a d i a t e d  sam ples  r o s e  s t e e p l y .  The 

reduc ing  s u g a r  l e v e l s  measured  i n  June  i n  b o t h  c u l t i v a r s  would be 

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

the c o n t r o l s  o f  b o t h  c u l t i v a r s  a r e  t o o  h ig h  f o r  c r i s p  m a n u f a c t u r e .  

However, a  d e l a y  i n  t h e  u s e  o f  c v .  D e s i r e e  p o t a t o e s  f o r  p r o c e s s i n g  

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

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

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

sweetened by  i r r a d i a t i o n  t r e a t m e n t ,  s u b s e q u e n t  d e s w e e te n in g  can  r e s u l t  

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

a c c e p t a b l e  f o r  p r o c e s s i n g ,  even i n  t u b e r s  t h a t  e x h i b i t e d  u n a c c e p t a b l y  

high r e d u c i n g  s u g a r  l e v e l s  b e f o r e  i r r a d i a t i o n .  The o b s e r v e d  t r e n d  i n  

r educ ing  s u g a r  l e v e l s  u n d e r l i n e s  t h e  need f o r  a p p r o p r i a t e  t i m i n g  o f  

i r r a d i a t i o n  t r e a t m e n t  s o  t h a t  i r r a d i a t i o n  t a k e s  p l a c e  e a r l y  enough i n  

the s t o r a g e  s e a s o n  t o  a l l o w  a p e r i o d  o f  d e s w e e t e n i n g .  D e l a y in g  t h e
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p r o c e s s in g  o f  i r r a d i a t e d  p o t a t o e s  u n t i l  d e s w e e te n in g  t o  t h e  r e q u i r e d  

degree h a s  o c c u r r e d  i s  a l s o  e s s e n t i a l ,  a l t h o u g h  an e x c e s s i v e  d e l a y  may 

be c o u n t e r p r o d u c t i v e  a s  s e n e s c e n t  s w e e t e n i n g  may i n t e r v e n e .

Comparisons were c a r r i e d  o u t  u s i n g  Duncan’ s  New M u l t i p l e  r a n g e  t e s t  

to  d e t e r m i n e  w h e t h e r  t h e  s u g a r  l e v e l s  i n  i r r a d i a t e d  t u b e r s  were dose  

dependent  w i t h i n  t h e  dose r a n g e  s t u d i e d .  No s i g n i f i c a n t  d i f f e r e n c e  

between t h e  r e d u c i n g  s u g a r  l e v e l s  o f  0 .10  and 0 .1 5  kGy were found 

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

c o n s i s t e n t  w i t h  t h e  v iew  o f  Schwimmer _et a l . (1957) who found l i t t l e  

d i f f e r e n c e  i n  r e d u c i n g  s u g a r  c o n t e n t s  w i t h i n  t h i s  dose  r a n g e .

E f fe c t  o f  c h e m ic a l  t r e a t m e n t s  on  r e d u c i n g  s u g a r s

From t a b l e s  3 . 2  and 3 . 3  i t  can be  se en  t h a t  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e ,  i n  e i t h e r  c u l t i v a r ,  be tween  t h e  r e d u c i n g  s u g a r  

c o n te n t s  o f  c o n t r o l  t u b e r s  and t h o s e  t r e a t e d  w i t h  e i t h e r  o f  t h e  two 

chemical  t r e a t m e n t s  u n t i l  t h e  b e g i n n i n g  o f  A p r i l .  Reduc ing s u g a r  

l e v e l s  were s i g n i f i c a n t l y  low er  i n  Chlorpropham t r e a t e d  t u b e r s  t h a n  i n

c o n t r o l s  o f  b o t h  c u l t i v a r s  f rom A p r i l  u n t i l  e a r l y  J u n e .  From g r a p h s

3.4 and 3 . 5  i t  can  be s e en  t h a t  t h e  d i f f e r e n c e s  a r e  a  con s eq u e n c e  o f  a

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

while  t h e  r e d u c i n g  s u g a r  c o n t e n t s  o f  c o n t r o l s  r em a ined  s t a b l e .  T h i s  

e f f e c t  may be l i n k e d  t o  t h e  d i f f e r e n t  d e g r e e s  o f  s p r o u t i n g  found i n  

Chlorpropham and  c o n t r o l  t r e a t m e n t s .

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

those  o f  t h e  c o n t r o l s  most c l o s e l y  o f  a l l  t h e  s p r o u t  i n h i b i t i o n  

t r e a t m e n t s .  Towards t h e  end o f  s t o r a g e  however  Tecnazene  t r e a t e d  

t u b e r s  a p p e a r  t o  be s l i g h t l y  lower  i n  r e d u c i n g  s u g a r s  t h a n  c o n t r o l s .  

From t a b l e s  3 . 2  and 3 . 3  however  i t  can  be s e e n  t h a t  t h e  r e d u c i n g  s u g a r
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l e v e l s  i n  Tecnazene  t r e a t e d  t u b e r s  a r e  no 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 o s e  o f  t h e  c o n t r o l  a t  any sam p l ing  d a t e ,  a l t h o u g h  g r a p h s  3 .4  

and 3 .5  show t h a t  a s  s t o r a g e  p r o g r e s s e s  t h e r e  i s  a  t r e n d  f o r  Tecnazene  

t r e a t e d  t u b e r s  t o  have  c o n s i s t e n t l y  s l i g h t l y  lower r e d u c i n g  s u g a r  

c o n t e n t s  t h a n  c o n t r o l s .

E f f e c t  o f  s p r o u t i n g  on r e d u c i n g  s u g a r s

D i f f e r e n c e s  i n  s u g a r  c o n t e n t s  between  t r e a t m e n t s  to w a rd s  t h e  end o f  

the  s t o r a g e  p e r i o d  a p p e a r  t o  show t h a t  t h e  d e g r e e  o f  s p r o u t i n g  does  

e x e r t  some i n f l u e n c e  on r e d u c i n g  s u g a r  l e v e l s .  I n  t r e a t m e n t s  where  no 

s p r o u t i n g  h a s  t a k e n  p l a c e ,  t h a t  i s  i n  i r r a d i a t e d  and Chlorpropham t r e a t e d  

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

s e n es c e n t  s w e e t e n i n g  i n t e r v e n e s .  I n  Tecnazene  t r e a t e d  p o t a t o e s  and 

c o n t r o l s  where s p r o u t i n g  does o c c u r  a more s t a b l e  l e v e l  o f  r e d u c i n g  

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

as  s t o r a g e  p r o g r e s s e s .  The d i f f e r e n c e s  a p p a r e n t  be tween  Tecnazene  

t r e a t e d  p o t a t o e s  and c o n t r o l s  may s im p l y  be one o f  d e g r e e .  The 

s p r o u t i n g  o f  p o t a t o e s  w i t h i n  t h e  Tecnazene  t r e a t m e n t  was p a r t i a l l y  

he ld  back by Tecnazene  r e s u l t i n g  i n  more uneven ,  l e s s  e x t e n s i v e  

s p r o u t i n g  t h a n  i n  c o n t r o l s .  Thus t h e  p r o c e s s  r e s p o n s i b l e  f o r  t h e  

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

may be a t  work t o  a  l e s s e r  e x t e n t  i n  t h e  uneven ly  s p r o u t i n g  Tecnazene  

t r e a t e d  p o t a t o e s .

E f f e c t  o f  t r e a t m e n t  on s u c r o s e

I t  h a s  been  a rg u e d  t h a t  t h e  i n i t i a l  s u c r o s e  l e v e l s  found  i n  t h e  

p o t a t o e s  used  i n  t h i s  s t u d y  may i n d i c a t e  some d e g r e e  o f  i m m a t u r i t y .

I t  can be s e e n  from g r a p h s  3 . 6  and 3 .7  t h a t  t h e  p a t t e r n  o f  b e h a v i o u r

125



of  s u c r o s e  l e v e l s  b e a r s  some r e s e m b la n c e  t o  t h e  p a t t e r n  o f  b e h a v i o u r  

of  r e d u c i n g  s u g a r s .  Graphs 3 . 6  and 3 .7  show t h a t  t h e  i n i t i a l  r i s e  i n  

the  l e v e l  o f  s u c r o s e  i n  i r r a d i a t i o n  t r e a t m e n t s  does n o t  a p p e a r  t o  be  

as  ex tr eme  a s  t h a t  o b s e rv e d  i n  t h e  l e v e l  o f  r e d u c i n g  s u g a r s .  However 

t h i s  may be m i s l e a d i n g ,  a s  Bur ton  o b s e rv e d  a r a p i d  r i s e  i n  s u c r o s e  i n  

i r r a d i a t e d  t u b e r s  f o l l o w e d  by a r e d u c t i o n  i n  s u c r o s e  c o n t e n t  ( B u r to n ,  

1959). T h e r e f o r e ,  a s  was a l s o  n o t e d  i n  t h e  d i s c u s s i o n  o f  r e d u c i n g  

sugar  l e v e l s ,  t h e  maximum l e v e l  may have  been r e a c h e d  p r i o r  t o  t h e  

f i r s t  d a t e  o f  measurement  i n  t h i s  s t u d y .

A f t e r  t h e  i n i t i a l  t e m p o r a r y  r i s e  i n  s u c r o s e  i n  t h o s e  t r e a t m e n t s  

graphs  3 . 6  and 3 . 7  c h a r t  a  s low f a l l  i n  s u c r o s e  u n t i l  mid-March i n  

both  c u l t i v a r s .  S u c r o s e  l e v e l s  i n  i r r a d i a t e d  p o t a t o e s  were 

s i g n i f i c a n t l y  g r e a t e r  t h a n  c o n t r o l  l e v e l s  u n t i l  mid-December i n  b o t h  

c u l t i v a r s  and  even  u n t i l  t h e  b e g in n i n g  o f  A p r i l  i n  c v .  Record .  No 

s i g n i f i c a n t  d i f f e r e n c e  was found be tw een  i r r a d i a t e d  and c o n t r o l  

t r e a t m e n t s  d u r i n g  t h e  p e r i o d  from e a r l y  J a n u a r y  u n t i l  mid-March i n  cv .  

D e s i r e e .

From mid-March onwards t h e  cha nges  i n  s u c r o s e  l e v e l s  w i t h i n  t h e  two 

c u l t i v a r s  a r e  d i f f e r e n t .  I n  c v .  Record t h o s e  p o t a t o e s  t r e a t e d  w i t h  

Chlorpropham o r  i r r a d i a t e d  c o n t i n u e  t o  s lo w ly  d e c l i n e  i n  s u c r o s e  

c o n t e n t .  From t a b l e  3 . 3  i t  can  be s e e n  t h a t  s u c r o s e  l e v e l s  f rom t h e  

beg inn ing  o f  A p r i l  u n t i l  t h e  end o f  s t o r a g e  i n  i r r a d i a t e d  and 

Chlorpropham t r e a t e d  c v .  Record t u b e r s  were s i g n i f i c a n t l y  l o w e r  t h a n  

those  i n  c o n t r o l s .  I n  c v . D e s i r e e  t h e  s u c r o s e  l e v e l s  i n  Chlorpropham 

t r e a t e d  and i r r a d i a t e d  p o t a t o e s  l e v e l  o f f  d u r i n g  t h e  p e r i o d  from mid 

March u n t i l  e a r l y  J u n e .  Between t h a t  t im e  and t h e  end o f  s t o r a g e  

t h e r e  i s  a  s h a r p  r i s e  i n  t h e  s u c r o s e  c o n t e n t  o f  i r r a d i a t e d  t u b e r s  and 

a l e s s  s t e e p  r i s e  i n  t h a t  o f  Chlorpropham t r e a t e d  t u b e r s ,  t o  a  l e v e l
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s t i l l  below t h a t  o f  t h e  c o n t r o l s .  Th is  can be c l a r i f i e d  by r e f e r e n c e  

to  t a b l e  3 . 3  f rom which i t  can be s e e n  t h a t  s u c r o s e  l e v e l s  f rom mid-  

March u n t i l  t h e  end o f  s t o r a g e  i n  i r r a d i a t e d  c v .  D e s i r e e  t u b e r s  a r e  

s i g n i f i c a n t l y  low e r  t h a n  i n  c o n t r o l s .  Suc rose  l e v e l s  i n  Chlorpropham 

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

the  e x c e p t i o n  o f  t h e  mid-March measurement  when 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 .  Although t h e r e  i s  a  s w i f t  r i s e  i n  s u c r o s e  

c o n te n t  by t h e  end o f  s t o r a g e  i n  i r r a d i a t e d  t r e a t m e n t s  t h e  s u c r o s e  

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

cv.  D e s i r e e .

The s u c r o s e  c o n t e n t s  o f  i r r a d i a t e d  p o t a t o e s  o f  c v .  D e s i r e e  t a k e n  

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

a t  t h e  end o f  t h e  s t o r a g e  s e a s o n  p r o v i d e s  s a n e  s t r o n g  e v i d e n c e  t h a t  

s e n es c e n t  s w e e t e n i n g  i s  o c c u r r i n g  i n  c v .  D e s i r e e .  The o c c u r r e n c e  o f  

s e n es c e n t  s w e e t e n i n g  a p p e a r s  t o  be l i n k e d  t o  t r e a t m e n t  and t h e  d e g r e e  

of  s p r o u t i n g  p r e s e n t  i n  e a ch  t r e a t m e n t .  S e n e s c e n t  s w e e te n i n g  do e s  n o t  

appear  t o  be  t a k i n g  p l a c e  w i t h i n  t h e  s t o r a g e  p e r i o d  s t u d i e d  i n  

i r r a d i a t e d  o r  Chlorpropham t r e a t e d  c v .  Record p o t a t o e s .  Th is  

d i f f e r e n c e  may be  due t o  t h e  e f f e c t  o f  c u l t i v a r  o r  t o  d i f f e r i n g  l e v e l s  

of  m a t u r i t y  i n  t h e  two c u l t i v a r s .

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

of t h e  s t o r a g e  p e r i o d  c l o s e l y  f o l l o w  t h o s e  o f  c o n t r o l s .  In  b o t h  

c u l t i v a r s  a f t e r  t h e  mid-March sa m p l in g  d a t e  s u c r o s e  l e v e l s  i n  

Tecnazene t r e a t e d  and c o n t r o l  t u b e r s  r o s e  s t e a d i l y ,  s u c r o s e  l e v e l s  i n  

Tecnazene p o t a t o e s  l a g g i n g  s l i g h t l y  b e h ind  t h o s e  o f  t h e  c o n t r o l s .

There was no  s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  s u c r o s e  c o n t e n t s  o f  

Tecnazene t r e a t e d  and c c n t r o l  p o t a t o e s  f rom e a r l y  December u n t i l  mid-
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March i n  c v .  Re c o rd ,  however  a f t e r  t h e  b e g i n n i n g  o f  A p r i l  s u c r o s e  

l e v e l s  were s i g n i f i c a n t l y  l o w e r .  I n  c v .  D e s i r e e  t h e  p a t t e r n  o f  

s uc ro s e  f l u c t u a t i o n s  i s  more v a r i a b l e  t h a n  was found i n  cv .  Record ,  

but  g e n e r a l l y  s p e a k i n g  s u c r o s e  l e v e l s  i n  Tecnazene t r e a t e d  t u b e r s  

fo l l owed  a  s i m i l a r  t r e n d  t o  t h o s e  i n  c v .  R ecord .  By t h e  end o f  t h e

s t o r a g e  p e r i o d  t h e  s u c r o s e  c o n t e n t s  o f  Tecnazene  t r e a t e d  t u b e r s  o f  cv .

D es i ree  were lower  t h a n  t h o s e  o f  t h e  c o n t r o l s .

A com par ison  o f  t h e  s u c r o s e  l e v e l s  t h r o u g h o u t  s t o r a g e  i n  i r r a d i a t e d

cv.  Record p o t a t o e s  shows t h a t  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  

between t h e  two d i f f e r e n t  d o s e s  on on ly  one s a m p l ing  d a t e .  T h i s  

i s o l a t e d  d i f f e r e n c e  seems u n l i k e l y  t o  be  r e f l e c t i n g  a  r e a l  e f f e c t .  I n  

cv .  D e s i r e e  t h e r e  a r e  t h r e e  s i g n i f i c a n t  d i f f e r e n c e s  i n  s u c r o s e  c o n t e n t  

between t h e  two i r r a d i a t i o n  d o s e s ,  however  t h e r e  i s  no c l e a r  t r e n d .  

I n c r e a s i n g  t h e  r a d i a t i o n  dose from 0 .10  kGy t o  0 .15  kGy does  n o t  

appear  t o  have  a  marked e f f e c t  on s u c r o s e  l e v e l s .

E f f e c t  o f  s u g a r  c hanges  on t h e  v i a b i l i t y  o f  r a d i a t i o n  t r e a t m e n t

The r e s u l t s  o f  t h i s  s t u d y  show t h a t  i r r a d i a t i o n  t r e a t m e n t  i n  t h e  

dose r a n g e  o f  0 .1 0  kGy t o  0 .1 5  kGy o f  cv .  Record  and c v .  D e s i r e e  

p o t a t o e s  h a s  a  marked i n i t i a l  e f f e c t  on b o t h  r e d u c i n g  s u g a r  and 

s uc ro se  l e v e l s .  T h i s  e f f e c t  i s  t em p o ra ry  and w i t h  t im e  t h e  c o n t e n t s  

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

The growth  o r  i n h i b i t i o n  o f  s p r o u t i n g  a p p e a r s  t o  have  an e f f e c t  on 

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

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

suga rs  a s  h a s  been  p r e v i o u s l y  s u g g e s t e d .  I n  t h i s  s t u d y  s u g a r  c o n t e n t s  

were lower  by t h e  end o f  s t o r a g e  i n  t h o s e  t r e a t m e n t s  where s p r o u t i n g  

was i n h i b i t e d  c o m p l e t e l y .
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Cv. Record d i d  n o t  s u f f e r  f rom e a r l y  s e n e s c e n t  s w e e t e n i n g  in d u ce d  

by i r r a d i a t i o n  i n  t h i s  s t u d y  and no s p e c i a l  p roblems o f  t h a t  n a t u r e  

a re  a n t i c i p a t e d  i n  i r r a d i a t i n g  c v .  Record .

I f  i r r a d i a t i o n  i s  t o  be c o n s i d e r e d  a s  a  method f o r  t h e  c o n t r o l  o f  

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

c o n t e n t s  need n o t  be  s e en  a s  an i n s u r m o u n ta b l e  o b s t a c l e .  I f  a 

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

f r e e  s u g a r  l e v e l s  w i l l  f a l l  t o  a d e q u a t e l y  low l e v e l s .

A d e l a y  be tw een  t h e  t r e a t m e n t  and p r o c e s s i n g  o f  i r r a d i a t e d  p o t a t o e s  

becomes even  more e s s e n t i a l  i f ,  due t o  h ig h  f r e e  s u g a r  c o n t e n t s  a t  

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

a l r e a d y  h i g h .  R o u t in e  m o n i t o r i n g  o f  s u g a r  c o n t e n t s  a t  h a r v e s t  s h o u ld  

go some way to w a rd s  a n t i c i p a t i n g  such  p ro b le m s .

One f u r t h e r  c o n s i d e r a t i o n  sho u ld  be made i n  d e c i d i n g  when 

i r r a d i a t e d  p o t a t o e s  s h o u ld  be p r o c e s s e d .  T h i s  s t u d y  h a s  n o t  c l e a r l y  

shown w h e th e r  o r  n o t  s e n e s c e n t  s w e e te n i n g  o c c u r s  e a r l i e r  i n  t h e  

s t o r a g e  s e a s o n  i n  i r r a d i a t e d  p o t a t o e s .  F u r t h e r  work i s  r e q u i r e d  i n  

t h i s  a r e a .  I r r a d i a t e d  p o t a t o e s  s h o u ld  n o t ,  however ,  be s t o r e d  

i n d e f i n i t e l y  i n  t h e  hope o f  l o w e r i n g  s u g a r  l e v e l s  t o  a  minimum a s  t h e  

r i s k  o f  s e n e s c e n t  s w e e t e n i n g  o c c u r r i n g  becomes g r e a t e r  a s  t h e  s t o r a g e  

pe r iod  c o n t i n u e s .
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C h a p te r  4

The r a t e  o f  w a t e r  l o s s  f rom i r r a d i a t e d  and c h e m i c a l l y  t r e a t e d  p o t a t o e s  

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

Weight l o s s e s  f rom s t o r e d  c r o p s  can r e p r e s e n t  a  f i n a n c i a l  l o s s  o f  

some im p o r t a n c e  t o  p r o c e s s o r s ,  p a r t i c u l a r l y  when t h e  f i n a l  p r o d u c t  i s  

so ld  by w e ig h t  a s  i s  t h e  c a s e  w i t h  p o t a t o  p r o d u c t s .  P o t a t o e s  l o s e  

weight  d u r i n g  p r o lo n g e d  s t o r a g e  by two main mechanisms;  r e s p i r a t i o n  

and e v a p o r a t i o n .  Of t h e  two, e v a p o r a t i v e  w a t e r  l o s s  i s  by f a r  t h e  

more e c o n o m i c a l ly  i m p o r t a n t ,  a s  l o s s  due t o  r e s p i r a t i o n  i s  on ly  

r e s p o n s i b l e  f o r  a p p r o x i m a t e l y  0.1% l o s s  i n  w e igh t  p e r  month o f  s t o r a g e  

(Nash, 1978) .  T h i s  v a l u e  can  b e  compared t o  a  t y p i c a l  t o t a l  w e ig h t  

l o s s  o f  a b o u t  6% a f t e r  6 months o f  s t o r a g e  a t  7°C -  10°C (Nash,  1978) .  

Bishop and Maunders  (1980) r e p o r t e d  a  5.1% l o s s  i n  w e ig h t  f rom 

p o t a t o e s  s t o r e d  f o r  15 weeks a t  10°C and  83% r e l a t i v e  h u n i d i t y .  A 

l o s s  o f  5 -  6% would s t i l l  be r e g a r d e d  a s  t o l e r a b l e  by m a n u f a c t u r e r s  

a l t h o u g h  l o s s e s  g r e a t e r  t h a n  10% would be r e g a r d e d  a s  u n a c c e p t a b l y  

high (Nash,  1978) .

Mechanisms o f  w e i g h t  l o s s

Nash (1978)  l i s t s  t h e  p o t e n t i a l  s i t e s  o f  e v a p o r a t i v e  w a t e r  l o s s  a s ;  

l e n t i c e l s ,  s k i n ,  s p r o u t s ,  d i s e a s e  l e s i o n s  and  c u t s  and a b r a s i o n s .

Nash (1978) s t a t e s  t h a t  by f a r  t h e  g r e a t e s t  p a r t  o f  w a t e r  l o s s  t a k e s  

p lace  t h r o u g h  t h e  r e l a t i v e l y  impermeable  s k i n .  The r o l e  o f  t h e  p o t a t o  

sk in  a s  a  b a r r i e r  t o  w e ig h t  l o s s  w i l l  be  d i s c u s s e d  i n  more d e t a i l  i n  

t h e  f o l l o w i n g  t e x t .

L e n t i c e l s ,  t h e  e q u i v a l e n t  o f  l e a f  s t o m a t a ,  t h r o u g h  which  g a s  

exchange be tw een  t h e  t u b e r  and t h e  s t o r e  a tm osphe re  t a k e s  p l a c e ,  c o v e r
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l e s s  t h a n  1% o f  t h e  p o t a t o  t u b e r  s u r f a c e .  L e n t i c e l s  a r e  c o v e r e d  i n  

hydrophobic  wax o u t g r o w t h s  which may l i m i t  t r a n s p i r a t i o n  w h i l e  

accommodat ing f r e e  g a s  exchange w i t h  t h e  env i ronm en t  (Hayward, 1974) .

The w a t e r  l o s t  t h r o u g h  e v a p o r a t i o n  from s p r o u t s  can be r e s p o n s i b l e

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

wate r  l o s s  o c c u r s  a t  a  r a t e  30 t o  40 t i m e s  f a s t e r  t h r o u g h  s p r o u t s  t h a n

th rough  t h e  s k i n  (B u r to n ,  1966) .  The im p o r t a n c e  o f  s p r o u t i n g  t o

weight  l o s s  depends  on t h e  de g re e  o f  s p r o u t  g row th ,  which i n  t u r n  i s

dependent  on  many e n v i r o n m e n t a l  f a c t o r s  such  a s  t h e  s t o r a g e

t e m p e ra t u re  and h u m id i ty  o f  t h e  s t o r e ,  o r  o t h e r  f a c t o r s  such  a s

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

l e n g th  o f  t i m e  t h a t  p o t a t o e s  have been  i n  s t o r a g e .  I t  h a s  been

e s t i m a t e d  by  B u r to n  (1966)  t h a t  f o r  e v e r y  1% by w e ig h t  o f  s p r o u t

-1 -1 -1growth,  w e i g h t  l o s s  i n c r e a s e s  by 0.08% week mb VPD ( t h e  v a p o u r

p r e s s u r e  d e f i c i t  (VPD) i s  a  measure  o f  t h e  c a p a c i t y  o f  t h e  s t o r e  a i r

t o  ho ld  more w a t e r  v a p o u r ) .  Weight  l o s t  due t o  w a t e r  l o s s  t h r o u g h  

s p r o u t s  i s  compounded by  t h e  l o s s  r e p r e s e n t e d  by  t h e  d r y  m a t t e r  o f  t h e  

s p rou t  i t s e l f .  B u r to n  (1972) r e p o r t s  a n  example o f  w e ig h t  l o s s e s  

under no rmal  fa rm  s t o r a g e  c o n d i t i o n s  f o r  6 months f rom p o t a t o e s  whose 

s p r o u t i n g  was n o t  c o n t r o l l e d  c h e m i c a l l y .  Weight  l o s s  was found  t o  be 

d i s t r i b u t e d  a s  f o l l o w s ;  e v a p o r a t i o n  3.6%, s p r o u t i n g  1.5% and 

r e s p i r a t i o n  0.6% ( t h e s e  r e s u l t s  e x c lu d e  l o s s e s  due t o  d i s e a s e  t h e  

degree  o f  which  can  f l u c t u a t e  m a r k e d ly ) .

Damage and d i s e a s e  work i n  tandem t o  i n f l u e n c e  w e i g h t  l o s s .  Damage 

to  p o t a t o e s  c a u s e d  by h a r v e s t i n g  o r  s u b s e q u e n t  h a n d l i n g ,  i n  t h e  fo rm 

o f  s u r f a c e  " s c u f f i n g 11 o r  c o m p re s s io n  b r u i s e s  o r  i n t e r n a l  damage such  

as  c u t s  o r  s c r a p e s ,  l e a d s  t o  i n c r e a s e d  w e ig h t  l o s s  a s  t h e  r e s u l t a n t
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breaks  i n  t h e  s k i n  p r o v i d e  a r o u t e  f o r  g r e a t e r  e v a p o r a t i v e  w a t e r  l o s s .  

Damage t o  t h e  p o t a t o  s k i n  a l s o  p r o v i d e s  a r e a s  open t o  b a c t e r i a l  o r  

funga l  i n f e c t i o n .  I n f e c t e d  a r e a s  l o s e  w a t e r  a t  a g r e a t e r  r a t e  t h a n  

i n t a c t  s k i n  a s  t h e  normal  mechanisms by which w a t e r  l o s s  i s  m in im ised  

no l o n g e r  o p e r a t e  p r o p e r l y  i n  t h o s e  a r e a s .  Those mechanisms a r e  

d i s c u s s e d  i n  more d e p t h  l a t e r  i n  t h e  t e x t .

S t o r a g e  d i s e a s e s  can  be c a t e g o r i s e d  a s  s u r f a c e  d i s e a s e s  o r  d i s e a s e s  

which c a u s e  i n t e r n a l  r o t t i n g .  S u r f a c e  d i s e a s e s  a r e  i m p o r t a n t  t o  

p o t a t o  r e t a i l e r s ,  a s  u n s i g h t l y  i n f e c t i o n  may d i s c o u r a g e  consumers  f rom 

buying t h e i r  g o o d s .  However,  i n  t h i s  s t u d y  o f  p o t a t o e s  t o  be u s e d  f o r  

p r o c e s s i n g  s u r f a c e  i n f e c t i o n  i s  o f  l i t t l e  consequence  a s  t h e  p o t a t o e s  

a r e  p e e l e d  b e f o r e  p r o c e s s i n g  and t h e  f l e s h  below i s  l a r g e l y  u n a f f e c t e d  

by s u r f a c e  i n f e c t i o n s  (McGee, 1984) .  I n t e r n a l  r o t t i n g  c a n ,  however ,  

be a major  s o u r c e  o f  l o s s  t o  p r o c e s s o r s .  The s t o r a g e  d i s e a s e s  which 

cause i n t e r n a l  r o t t i n g  commonly e n c o u n te r e d  i n  t h e  U.K. a r e  

Phy toph tho ra  i n f e s t a n s  ( b l i g h t  f u n g u s ) ,  E r w in ia  s p p . ( b a c t e r i a l  s o f t  

r o t ) ,  Phoma s p p . (g an g re n e  fungus)  and Fusar ium s p p . ( f u n g a l  d ry  r o t ) .  

The e x t e n t  o f  l o s s e s  due t o  i n f e c t i o n  by b a c t e r i a  and f u n g i  depends  on 

the  s t o r a g e  c o n d i t i o n s ,  t h e  c o n d i t i o n  o f  p o t a t o e s  a s  t h e y  a r e  b r o u g h t  

i n t o  s t o r e  and how q u i c k l y  and e f f e c t i v e l y  damage can  be  r e p a i r e d  by 

the  p o t a t o ’ s  n a t u r a l  wound h e a l i n g  s y s te m .  T h e r e f o r e  a  wide  v a r i a t i o n  

in  t h e  d e g re e  o f  i n f e c t i o n  can  be o b s e r v e d  from s t o r e  t o  s t o r e  and 

season  t o  s e a s o n .

In t h i s  c h a p t e r  an i n v e s t i g a t i o n  i s  c a r r i e d  o u t  t o  c o n s i d e r  how 

v a r io u s  s p r o u t  i n h i b i t i o n  t r e a t m e n t s  can  a f f e c t  t h e  r a t e  o f  w e ig h t  

l o s s  from p o t a t o e s .  As t h e  r a t e  o f  w e ig h t  l o s s  f rom p o t a t o e s  i s  

l a r g e l y  dep e n d en t  on  t h e  e f f e c t i v e n e s s  o f  t h e  s k i n  a s  a  b a r r i e r  t o  

e v a p o ra t i o n  and p a t h o g e n i c  i n f e c t i o n ,  t h e  d i s c u s s i o n  w i l l  i n e v i t a b l y
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c e n t r e  on t h e  e f f e c t  such  t r e a t m e n t s  have on t h e  deve lopment  and 

e f f e c t i v e n e s s  o f  t h e  s k i n .  T h e r e f o r e  t o  more f u l l y  u n d e r s t a n d  t h e  

e f f e c t s  o f  s p r o u t  s u p p r e s s a n t  t r e a t m e n t s  on w e igh t  l o s s  some e s s e n t i a l  

background i n f o r m a t i o n  on t h e  s t r u c t u r e  o f  p o t a t o  p e r i d e r m  and how i t  

forms i s  r e q u i r e d .

The wound h e a l i n g  r e s p o n s e  o f  p o t a t o  t u b e r s

The deve lopment  o f  p o t a t o  p e r i d e rm  a f t e r  h a r v e s t  i s  r ev iew ed  by 

P e t e r s o n  e t  a l .  ( 1 9 8 5 ) .  I n v e s t i g a t i o n s  have n o t  y e t  p r o g r e s s e d  

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

development  t o  be made.  The p e r id e rm  d o e s ,  however ,  a p p e a r  t o  d e v e lo p  

in  a b r o a d l y  s i m i l a r  way t o  wound p e r i d e r m ,  a l t h o u g h  i n i t i a t i o n  o f  

pe r ide rm  deve lo pm en t  and p r o c e s s e s  complementary  t o  p e r i d e r m  f o r m a t i o n  

may d i f f e r  i n  e a ch  c a s e .

The r e s p o n s e  o f  t h e  p o t a t o  t o  wounding h a s  been  t h e  s u b j e c t  o f  much 

r e s e a r c h  and i s  r ev i e w e d  by Bur ton  ( 1 9 6 6 ) ,  McGee ( 1 9 8 4 ) ,  K o l l a t u k u d y  

(1984) and P e t e r s o n  e t  a l .  ( 1 9 8 5 ) .  Wounding p o t a t o  t i s s u e  i n i t i a t e s  

an i n c r e a s e  i n  DNA and p r o t e i n  s y n t h e s i s  i n  c e l l s  a d j a c e n t  t o  t h e  

wound ( B o r c h e r t  and McChesnesy, 1973) .  T h i s  i s  f o l l o w e d  by a 

breakdown i n  t h e  i n t r a c e l l u l a r  membranes o f  such  c e l l s  r e s u l t i n g  i n  a 

complete  d i s i n t e g r a t i o n  o f  t h e  e ndop la sm ic  r e t i c u l u m  (Camm and Towers ,  

1973). The e n d o p la s m ic  r e t i c u l u m  t h e n  r e c o n s t i t u t e s  and p r o d u c e s  

d r o p l e t s  o f  l i p i d  m a t e r i a l  which  move o u tw a rd s  t o  t h e  plasmalemma,  

pass  t h r o u g h  i t  and fo rm a l i p i d  l a y e r  known a s  s u b e r i n  o r  s u b e r i n  

complex w i t h i n  t h e  c e l l  w a l l  and between  a d j a c e n t  c e l l s  (Fox e t  a l ,  

1972; K o l l a t u k u d y ,  1984) .  S u b e r in  h a s  been shown t o  be a  po lymer  o f  

predom inate ly6t>-hydroxy and d i c a r b o x y l i c  f a t t y  a c i d s  ( K o l l a t u k u d y  and 

Dean, 1974) .  The s i m u l t a n e o u s  d e p o s i t i o n  o f  s h o r t e r  c h a i n  l e n g t h
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waxes w i t h i n  t h e  s u b e r i n  l a y e r  p r o v i d e s  a com ple ted  hyd rophob ic  l a y e r .

In  t h e  2 - 3  day p e r i o d  a f t e r  wounding when t h e  s u b e r i n  l a y e r  i s  

form ing,  l i g n i n ,  a  po lymer  o f  pheny l  p r o p a n o i d s ,  i s  a l s o  d e p o s i t e d  i n  

the  c e l l  w a l l  o f  t h e  s u b e r i s i n g  c e l l s .  K o l l a t u k u d y  (1978) p o s t u l a t e s  a 

s t r u c t u r e  f o r  t h e  s u b e r i n  complex c o n s i s t i n g  o f  t h e  l i n k a g e  o f  s u b e r i n  

to  t h e  c e l l  w a l l  v i a  l i g n i n .  K o l l a tu k u d y  (1978)  p r o v i d e s  e v i d e n c e  t h a t  

the  l i n k  from l i g n i n  t o  s u b e r i n  i s  made t h r o u g h  f e r u l i c  a c i d ,  a l i g n i n  

monomer.

Th is  s t r u c t u r e  p r e s e n t s  a t w o - f o l d  b a r r i e r  t o  i n f e c t i o n .  L i g n in  

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

i s  r e s i s t a n t  t o  t h e  enzymic a t t a c k  o f  p a t h o g e n s ,  and s u b e r i n  and i t s  

a s s o c i a t e d  waxes form a h y d rophob ic  l a y e r  b l o c k i n g  t h e  a c c e s s  o f  

pa thogen ic  enzymes t o  t h e  c e l l  w a l l .  The s u b e r i n  l a y e r  a l s o  p r o v i d e s  

an impermeable  l a y e r  t h r o u g h  which  w a t e r  ca nno t  e a s i l y  p a s s .

A f t e r  t h e  f o r m a t i o n  o f  t h e  s u b e r i s e d  l a y e r  a t  t h e  wounded s u r f a c e ,  

the  c e l l s  d i r e c t l y  be low t h e  wound b e g in  t o  d i v i d e .  The c e l l  w a l l s  o f  

s u b - s u r f a c e  c e l l s  t h e n  become im p re g n a te d  w i t h  s u b e r i n  and waxes .  

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

of  a dead s k i n  w i t h  s u b e r i s e d  c o a t i n g  above a  l a y e r  o f  s u b e r i s e d  l i v e  

c e l l s  s e v e r a l  c e l l s  d e e p .  T h i s  p r o c e s s  t a k e s  p l a c e  on a  r a t h e r  l o n g e r  

t ime s c a l e  o f  2 -  3 weeks when compared t o  t h e  2 - 3  days o v e r  which  

s u b e r i s a t i o n  o c c u r s .

T h e r e f o r e  wound h e a l i n g  can  be s e en  a s  t h e  c o m b i n a t i o n  o f  two 

d i s t i n c t i v e  p r o c e s s e s ;  s u b e r i s a t i o n ,  marked by a  l a y i n g  down o f  l i p i d  

m a t e r i a l  a t  t h e  wound s u r f a c e ,  and p e r i d e r m  f o r m a t i o n ,  marked by  c e l l  

d i v i s i o n  and programmed c e l l  d e a t h .
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The e f f e c t  o f  s t o r a g e  c o n d i t i o n s  on wound h e a l i n g

S t o r a g e  c o n d i t i o n s  d u r i n g  c u r i n g  have  a  m a jo r  e f f e c t  on t h e  r a t e  o f  

f o rm a t ion  o f  wound p e r i d e r m .  The t e m p e r a t u r e  o f  s t o r a g e  i s  one 

e nv i ro n m en ta l  f a c t o r  o f  g r e a t  s i g n i f i c a n c e ,  f a s t e r  deve lopmen t  o f  

pe r ide rm  was o b s e r v e d  by Ar t schwager( 1 9 2 7 )  a s  s t o r a g e  t e m p e r a t u r e  

i n c r e a s e d  o v e r  t h e  r a n g e  o f  2 . 5 ° C  t o  2 1 ° C .  Wiggin ton  ( 1974)  found  a

t h r e e - f o l d  i n c r e a s e  i n  t h e  r a t e  o f  w o u n d - h e a l in g  be tween  5°C and 10°C

r* o oand a f u r t h e r  t h r e e - f o l d  i n c r e a s e  between  10 C and 20 C. Thomas

(1982) o b s e r v e d  t h a t  wound h e a l i n g  o c c u r r e d  most  r a p i d l y  a t  25°C,

h ig h e r  t e m p e r a t u r e s  o f  35°C r e t a r d e d  s u b e r i s a t i o n  and p r e v e n t e d

pe ride rm  f o r m a t i o n .  Dean (1989)  measured t h e  f o r m a t i o n  o f  a l i p h a t i c

s u b e r i n  monomers and a l k a n e s  and found t h e  o p t i m a l  t e m p e r a t u r e s  f o r

t h e i r  s y n t h e s e s  t o  be 26 .4°C and 18.6°C r e s p e c t i v e l y .

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

wound h e a l i n g .  At low r e l a t i v e  h u m id i ty  (R.H.)  d e s i c c a t i o n  o f  t h e  

s u r f a c e  o c c u r s  i n h i b i t i n g  wound h e a l i n g ,  Wigginton  (1974)  found  t h a t  

a t  a R.H. o f  30% and a  s t o r a g e  t e m p e r a t u r e  o f  20°C s u b e r i s a t i o n  was 

com ple te ly  p r e v e n t e d .  H ighe r  h u m i d i t i e s  have been found  t o  e n c o u ra g e  

more r a p i d  wound h e a l i n g  (Artschwager , 1927; W ig g in to n ,  1974) a l t h o u g h  

a t  h u m i d i t i e s  a p p r o a c h i n g  100% p r o l i f e r a t i o n  can  t a k e  p l a c e .

Hum id i t ie s  o f  t h e  o r d e r  o f  80 -  90%, a r e  recommended by most  

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

( M e t l i t s k y  e t  a l . , 1967; W igg in ton ,  1974; Nash,  1978) .  B u r ton  (1966) 

a dvoca te s  s t o r a g e  a t  a s  h i g h  a s  p o s s i b l e  R.H. w h i l e  w a rn in g  t h a t  w a t e r  

must on no a c c o u n t  be a l l o w e d  t o  condense  on t h e  s u r f a c e  o f  p o t a t o e s  

in  s t o r e .

Optimal  c o n d i t i o n s  f o r  wound h e a l i n g  may t h e r e f o r e  be  recommended
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as  g r e a t e r  t h a n  80% R.H. and s t o r a g e  a t  20°C -  25°C.  The t r a n s p o r t  o f  

p o t a t o e s  t o  t h e  s t o r e  f rom d i f f e r e n t  farms  means t h a t  p o t a t o e s  a r r i v e  

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

amount o f  p o t a t o e s  i n t o  a  s t o r e  a l s o  t a k e s  s e v e r a l  weeks i n  a  l a r g e  

s t o r e  o f  2000 -  5000 to n n e  c a p a c i t y .  These  c o n s i d e r a t i o n s  mean t h a t  

o p t im al  c o n d i t i o n s  f o r  wound h e a l i n g  a r e  se ldom, i f  e v e r ,  a c h i e v e d .

The e f f e c t  o f  s p r o u t  i n h i b i t i o n  t r e a t m e n t s  on wound h e a l i n g

Chlorpropham

The e f f e c t  o f  Chlorpropham on  wound h e a l i n g  and t h e  r a t e  o f  

pa thoge n ic  i n f e c t i o n  o f  t r e a t e d  p o t a t o e s  h a s  been a s s e s s e d  by C r a f t  

and Audia ( 1 9 5 9 ) ,  Audia e t  a l . , ( 1 962 ) ,  Reeve e t  a l . , ( 1 9 6 3 ) ,  McGee 

(1984) ,  Leonard  e t  a l . , (1986) and Hide and Cayley  ( 1 9 8 7 ) .  I n  a l l  o f  

the  above s t u d i e s  t h e  i n h i b i t i o n  o f  p e r i d e r m  f o r m a t i o n  and d e c ay  o f  

Chlorpropham t r e a t e d  t u b e r s  was n o t e d ,  a l t h o u g h  most  w o r k e r s  r e p o r t e d  

no i n h i b i t i o n  o f  t h e  s u b e r i s a t i o n  p r o c e s s .  Audia e t  a l . , (1962)  

r e p o r t e d  r e t a r d a t i o n  o f  p e r i d e r m  f o r m a t i o n  on s l i c e s  o f  p o t a t o  t i s s u e  

dipped i n  a  25 ppm s o l u t i o n  o f  Chlorpropham and t o t a l  i n h i b i t i o n  o f  

pe r ide rm  f o r m a t i o n  when t i s s u e  was exposed  t o  a  100 ppm s o l u t i o n .

McGee (1984) found  marked i n h i b i t i o n  o f  p e r i d e r m  f o r m a t i o n  when p o t a t o  

t i s s u e  d i s c s  were e xposed  t o  bo th  10 and 100 ppm Chlorp ropham 

s o l u t i o n s .

S e v e r a l  r e s e a r c h e r s  have s p e c u l a t e d  t h a t  Chlorpropham may a f f e c t  

wound h e a l i n g  by d i s r u p t i n g  t h e  m i t o s i s  o f  p e r i d e r m  c e l l s  ( C r a f t  and 

Audia, 1959; McGee, 1984) by t h e  same mechanism a s  t h e  r e l a t e d  

chemical  Propham. T h i s  t h e o r y  i s  bo rne  ou t  by t h e  e v id e n c e  so  f a r ,  a s  

pe r iderm  f o r m a t i o n  i s  d e pe nden t  on c e l l  d i v i s i o n  w h i l e  s u b e r i s a t i o n  i s  

n o t ,  and Chlo rp ropham a f f e c t s  p e r i d e r m  f o r m a t i o n  b u t  does  n o t  a p p e a r
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to  a f f e c t  s u b e r i s a t i o n .  I f  t h i s  i s  in d ee d  t h e  mechanism by which 

Chlorpropham a f f e c t s  wound h e a l i n g  i t  d e m o n s t r a t e s  t h e  im p o r ta n c e  o f  

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

wate r  l o s s ,  a s  McGee (1984) and Leonard et_ a l .  (1986) found  

s i g n i f i c a n t l y  low e r  r e s i s t a n c e  t o  w a t e r  l o s s  f rom d i s c s  o f  n o r m a l ly  

s u b e r i s e d ,  Chlorpropham t r e a t e d  p o t a t o  t i s s u e .  A d e f i n i t i v e  

experiment  p r o v i n g  c o n c l u s i v e l y  t h a t  Chlorpropham a f f e c t s  wound 

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

Tecnazene

The e f f e c t  o f  Tecnazene  on wound h e a l i n g  has  been  s t u d i e d  by 

Cunningham ( 1 9 5 3 ) ,  McGee (1984) and Leonard e t  a l . ( 1 986 ) .

Cunningham (1953) r e p o r t e d  no i n h i b i t i o n  o f  s u b e r i s a t i o n  b u t  d i d  n o t e  

some d e l a y  i n  p e r i d e r m  f o r m a t i o n .  S u r p r i s i n g l y ,  however ,  h e  d i d  no t  

s t a t e  t h e  a p p l i c a t i o n  r a t e  o f  Tecnazene  which d e l a y e d  s u b e r i s a t i o n  and 

a d d i t i o n a l l y  Tecnazene  t r e a t m e n t  d i d  n o t  a p p e a r  t o  c o n t r o l  Fusa r ium  

i n f e c t i o n  i n  h i s  s t u d y .  McGee (1984) u s i n g  r e s i s t a n c e  t o  w a t e r  l o s s  

with  t im e  a s  a  measure  o f  t h e  r a t e  o f  wound h e a l i n g ,  by t h e  method o f  

J a r v i s  and Duncan ( 1 9 7 9 ) ,  found  t h a t  Tecnazene  s t i m u l a t e d  wound 

h e a l i n g  when p o t a t o  t i s s u e  d i s c s  were exposed  t o  a  10 ppm s o l u t i o n .

In s t o r e  e x p e r i m e n t s  u s i n g  a  h i s t o l o g i c a l  a s s e s s m e n t  o f  wound h e a l i n g  

the same w orke r  found  i n h i b i t i o n  o f  wound h e a l i n g  by  Tecnazene  b u t  

sugge s te d  t h a t  t h e  i n h i b i t i o n  may have  been due t o  p o s s i b l e  

c o n ta m in a t io n  from t h e  s t o r e  by Chlo rp ropham. Leonard  e t  a l .  (1986) 

found t h a t  Tecnazene  d i d  n o t  i n h i b i t  wound h e a l i n g  when a s s e s s e d  by 

e i t h e r  h i s t o l o g i c a l  o r  w a t e r  l o s s  methods  and t h a t  f u n g a l  d i s e a s e  

development  was r e d u c e d  by Tecnazene  de ve lopm en t .  The c o n s e n s u s  o f  

such i n v e s t i g a t i o n s  i s  u n c l e a r ,  b u t  on b a l a n c e  i t  seems t h a t  Tecnazene
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shows no  g r e a t  i n h i b i t o r y  e f f e c t  on wound h e a l i n g  i n  t h e  more r i g o r o u s  

s t u d i e s .  As y e t  no mechanism t o  e x p l a i n  how Tecnazene  may s t i m u l a t e  

wound h e a l i n g  h a s  been a d va nce d .

D im e th y ln a p h th a le n e

L i t t l e  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  t h e  D im e t h y ln a p h t h a l e n e s  

(DMN's) on wound h e a l i n g  h a s  t a k e n  p l a c e .  The work c a r r i e d  ou t  so  f a r  

has been summari sed by Duncan and Van Es ( 1 9 8 8 ) .  S e v e r a l  DM1 and 

t r i m e t h y l n a p h t h a l e n e  i s o m e rs  have been  found t o  be a c t i v e  s p r o u t  

s u p p r e s s a n t s  (Meigh e t  a l . , 1973; B e v e r i d g e ,  1979; B e v e r id g e  e t  a l . , 

1981a; F i l m e r  and Rhodes,  1984) ,  t h e i r  r e l a t i v e  e f f e c t i v e n e s s  h a s  been  

l in k e d  t o  d i f f e r e n c e s  i n  v o l a t i l i t y  (0*Hagan e t  a l . , 1987) .  McGee 

(1984) found  t h a t  t h e  wound h e a l i n g  o f  p o t a t o  t i s s u e  d i s c s  was 

i n h i b i t e d  by  e x p o s u r e  t o  DMN s o l u t i o n s  o f  100 and 2 00 ppm b u t  n o t  when 

d i s c s  were  exposed  t o  a  10 ppm s o l u t i o n .  McGee (1984)  c o n s i d e r e d  t h e  

e f f e c t  o f  DMN t o  be s i m i l a r  t o  t h a t  o f  Chlorpropham, t h e  r o t t i n g  found 

in  Chlorpropham t r e a t m e n t s  a l s o  o c c u r r e d  w i th  DMN a p p l i c a t i o n .  Water 

l o s s  f rom t r e a t e d  d i s c s  o f  p o t a t o  t i s s u e  was used  t o  a s s e s s  wound 

h e a l i n g  i n  McGee’ s  s t u d y  and no whole t u b e r  s t u d y  was c a r r i e d  o u t .

- 1
A p p l i c a t i o n  o f  a  s i n g l e  dose  o f  100 mg DMN d u s t  kg o f  whole  

wounded p o t a t o e s  was found  t o  r e s u l t  i n  a  s m a l l  i n c r e a s e  i n  w a t e r  l o s s  

du r in g  t h e  f i r s t  month o f  s t o r a g e  (Duncan and Van Es ,  1988) which may 

i n d i c a t e  some e f f e c t  o f  t h e  c h e m ica l  on wound h e a l i n g .  Duncan and Van 

Es (1988) were o f  t h e  o p i n i o n  t h a t  a  l a r g e r  dose  o f  DMN would b e  

r e q u i r e d  t o  i n h i b i t  wound h e a l i n g  t h a n  would be n e c e s s a r y  t o  c o n t r o l  

s p r o u t i n g .  L i t t l e  i s  known r e g a r d i n g  t h e  mechanism by which  DMN may 

a f f e c t  wound h e a l i n g .
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Methanol

The e f f e c t  o f  m e thano l  t r e a t m e n t  on wound h e a l i n g  i s  o f  i n t e r e s t  a s  

some c h e m i c a l s ,  f o r  example Chlorpropham, a r e  a p p l i e d  a s  m ethano l  

a e r o s o l s  i n  t h e  U .K . .  Some o r g a n i c  s o l v e n t s ,  i n c l u d i n g  e t h a n o l  and 

methano l ,  have  been shown t o  i n h i b i t  wound h e a l i n g  ( J a r v i s  and McGee, 

u n p u b l i s h e d ) .  McGee (1984) s t a t e s  t h a t  m e thano l  s lows  down wound 

h e a l i n g  p a r t i c u l a r l y  i n  t h e  e a r l y  s t a g e s  o f  de ve lopm en t ,  wound h e a l i n g  

was i n h i b i t e d  when p o t a t o  t i s s u e  was exposed  t o  a  1% a q u e o u s  m ethano l  

s o l u t i o n .

I r r a d i a t i o n

The e f f e c t  o f  i r r a d i a t i o n  on wound h e a l i n g  o f  p o t a t o e s  h a s  been  

reviewed by Matsuyama and Umeda (1983) and Thomas ( 1 9 8 4 ) .  In  

h i s t o l o g i c a l  s t u d i e s  Thomas (1982) showed t h a t  s u b e r i s a t i o n  was no t  

i n h i b i t e d  by i r r a d i a t i o n  d ose s  o f  up t o  0 .1  kGy, b u t  w i t h  d o s e s  a s  low 

as  0 .02  and 0 . 0 3  kGy wound p e r i d e rm  f o r m a t i o n  was p r e v e n t e d .  T h i s  

e f f e c t  was p resum ab ly  t h e  r e s u l t  o f  r a d i a t i o n - i n d u c e d  i n h i b i t i o n  o f  

c e l l  d i v i s i o n  i n  p e r i d e r m  c e l l s  below t h e  s u r f a c e  which  would n o r m a l l y  

d i v id e  s u c c e s s f u l l y  t o  form wound p e r i d e r m .

I s l e i b  (1957)  n o t e d  t h a t  i r r a d i a t i o n  d o s e s  f rom 0 .0 1 5  kGy t o  

a p p ro x im a te ly  2 kGy p r e v e n t e d  p e r i d e r m  f o r m a t i o n  and d e l a y e d  

s u b e r i s a t i o n ,  a l t h o u g h  t h e  s u b e r i n  l a y e r  was u l t i m a t e l y  a s  w e l l  

developed a s  t h a t  o f  c o n t r o l s .  H e n r ik s e n  (1960)  found s lo w e r  

s u b e r i s a t i o n  i n  p o t a t o e s  i r r a d i a t e d  a t  0 .1  kGy t h a n  i n  c o n t r o l s  and 

t o t a l  i n h i b i t i o n  o f  p e r i d e r m  f o r m a t i o n  i n  t h e  i r r a d i a t e d  t r e a t m e n t .  

Henriksen  (1960) a l s o  s u g g e s t e d  t h a t  t h e  i n h i b i t i o n  o f  wound h e a l i n g  

by i r r a d i a t i o n  t r e a t m e n t  would make i r r a d i a t e d  p o t a t o e s  more 

s u s c e p t i b l e  t o  a t t a c k  by  b a c t e r i a  and f u n g i .
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M e t l i t s k y  e t  a l .  (1967)  r e p o r t e d  t h a t  i r r a d i a t i o n  t r e a t m e n t  d i d  

indeed d e c r e a s e  t h e  n a t u r a l  r e s i s t a n c e  o f  p o t a t o e s  t o  i n f e c t i o n  by 

m ic roo rga n ism s .  P o t a t o  s l i c e s  i r r a d i a t e d  a t  a  dose o f  0 .1  kGy and 

i n o c u l a t e d  w i t h  b l i g h t  fungus  became i n f e c t e d  t o  an  e x t e n t  4 t im e s  

g r e a t e r  t h a n  u n i r r a d i a t e d  s l i c e s .  I n  a s t o r a g e  e x p e r im e n t  r e p o r t e d  by 

the  a u t h o r s  i n  t h e  same s t u d y  29.7% o f  p o t a t o e s  s t o r e d  a f t e r  a  0 .1  kGy 

i r r a d i a t i o n  t r e a t m e n t  were  i n f e c t e d  by p a th o g e n s  w h i l e  on ly  20.8% o f  

c o n t r o l  t u b e r s  were i n f e c t e d .  A t o t a l  o f  3.8% o f  i r r a d i a t e d  t u b e r s  

were c o m p l e t e l y  r o t t e d  i n  c om pa r i son  w i t h  o n l y  0.8% o f  c o n t r o l s .

Expe r im en ta l  o b j e c t i v e s

The work c a r r i e d  o u t  i n  t h i s  s t u d y  s e t s  o u t  t o  i n v e s t i g a t e  t h e  

weight  l o s s e s  o v e r  a  t y p i c a l  s t o r a g e  p e r i o d  from c v .  Record p o t a t o e s  

t h a t  had been i r r a d i a t e d  o r  t r e a t e d  w i t h  v a r i o u s  c he m ica l  s p r o u t  

s u p p r e s s a n t s .  The r e l a t i v e  w e ig h t  l o s s e s  f rom ea ch  t r e a t m e n t  were  o f  

i n t e r e s t  a s  an  i n d i c a t o r  o f  t h e  e f f e c t  o f  t h e  t r e a t m e n t s  on t h e  

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

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

F i r s t l y  t h e  p o t a t o e s  were d i v i d e d  i n t o  two g r o u p s ;  g roup  1 t o  be 

t r e a t e d  d i r e c t l y  a f t e r  h a r v e s t ,  c u re d  and s t o r e d ,  and g ro u p  2 t o  be 

cured b e f o r e  t r e a t m e n t  and s t o r a g e .  T h i s  c o m pa r i son  was i n t e n d e d  t o  

e s t a b l i s h  how l a r g e  t h e  e f f e c t  o f  t r e a t m e n t  was d u r i n g  t h e  e a r l y  

s t a g e s  o f  s t o r a g e ,  a s  c u r i n g  t a k e s  p l a c e  a f t e r  h a r v e s t  ( t h a t  i s ,  when 

c e l l  d i v i s i o n  and s u b e r i s a t i o n  o c c u r  t o  form t h e  p o t a t o  p e r i d e r m ) .

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

wound h a l f  o f  t h e  p o t a t o e s  w i t h i n  e ach  t r e a t m e n t  o f  e ach  g r o u p .  T h i s  

comparison was i n t e n d e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  t r e a t m e n t  on t h e
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normal wound h e a l i n g  r e s p o n s e  w i t h i n  g r oups  1 and 2 .  A more d e t a i l e d  

d e s c r i p t i o n  o f  t h e  e x p e r i m e n t a l  d e s i g n  o f  t h i s  s t u d y  i s  t o  be found  i n  

s e c t i o n  4 . 2  o f  t h i s  c h a p t e r .  Diagram 4 .1  g i v e s  a  summarised 

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

In was hoped by t h e s e  com par i sons  t o  more c l e a r l y  u n d e r s t a n d  t h e  

g ro s s  e f f e c t s  o f  s p r o u t  i n h i b i t i o n  t r e a t m e n t s  on w e ig h t  l o s s e s  f rom 

whole t u b e r s  on a  l a r g e  e x p e r i m e n t a l  s c a l e  and t o  d i s c u s s  t h e  e f f e c t s  

found i n  t h e  l i g h t  o f  p r e v i o u s  p o t a t o  t i s s u e  s t u d i e s .
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4.2 E x p e r im e n t a l

P o t a t o e s  used  i n  t h i s  e xpe r im e n t  were g e n e r o u s l y  do n a te d  by U n i t e d  

B i s c u i t s  ( U .K . ) .  1600 kg o f  c v . Record p o t a t o e s  were h a r v e s t e d  a s

p a r t  o f  a  c ro p  grown unde r  c o n t r a c t  by H. and L.  Aykroyds i n  C ushn ie ,  

A u c h t e r l e s s  i n  A b e r d e e n s h i r e  f o r  U n i t ed  B i s c u i t s  on September  27 ,

1986. These  t u b e r s  were t h e n  t r a n s p o r t e d  a s  soon a s  p o s s i b l e  t o  

Glasgow U n i v e r s i t y  where t h e y  were d i v i d e d  i n t o  10 kg l o t s  and p l a c e d  

in  p re -w e ighe d  c a r d b o a r d  boxes  o f  d im e n s io n s  38 .5  cm X 31 .0  cm X 15.5 

cm. As seme m o i s t u r e  was s t i l l  v i s i b l e  on t h e  p o t a t o e s  and t h e  s o i l  

a d h e r i n g  t o  them a t  t h i s  t i m e ,  t h e  p o t a t o e s  were a i r e d  o v e r n i g h t  a t  

r,oom t e m p e r a t u r e .  These  r e p l i c a t e  boxes  were t h e n  d i v i d e d  i n t o  two 

groups .

Group 1 box e x p e r im e n t

The f i r s t  g roup  o f  boxes  was t r e a t e d  i m m e d i a t e l y ,  s i x  r e p l i c a t e  

boxes o f  ea ch  t r e a t m e n t .  The f i r s t  two boxes  i n  each  t r e a t m e n t  were 

s imply t r e a t e d ,  c l o s e d  and we ighed .  Tubers  i n  a  second  p a i r  o f  boxes  

were d e l i b e r a t e l y  wounded p r i o r  t o  t r e a t m e n t .  Wounding was c a r r i e d  

out  by c u t t i n g  a  s l i c e  w i t h  a  k n i f e  f rom each  t u b e r  o f  a p p r o x i m a t e l y  3 

cm i n  d i a m e t e r  and 5 mm i n  d e p t h .  The wounded t u b e r s  w ere  t h e n  

r e t u r n e d  t o  t h e  b o x e s ,  t r e a t e d  and we ighed .  These two p a i r s  o f  boxes  

were t o  r em a in  c l o s e d  t h r o u g h o u t  s t o r a g e  and r e p r e s e n t e d  a  c om par i son  

of  t h e  r a t e s  o f  w a t e r  l o s s  i n  wounded and ncn-wounded t r e a t e d  t u b e r s .  

The t h i r d  p a i r  o f  boxes  i n  each  t r e a t m e n t  were t r e a t e d  i n  t h e  same way 

as t h e  f i r s t  p a i r .  The u se  t o  which t h e  t h i r d  p a i r  o f  boxes  was pu t  

i s  d e s c r i b e d  i n  t h e  f o l l o w i n g  t e x t .
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The t r e a t m e n t s  u sed  i n  t h e  group 1 s tu d y  were c o n t r o l ,

Chlorpropham, T e c n a z e n e , a mixed i som er  p r e p a r a t i o n  o f

D im e th y ln a p h th a le n e  ( A l d r i c h ,  U.K),  and m e th a n o l .  (The mixed i s o m e r

p r e p a r a t i o n  o f  D im e t h y ln a p h t h a l e n e ,  c o n s i s t i n g  o f  a  m i x t u r e  o f  1 ,6 -

D im e th y ln a p h th a le n e  and o t h e r  i s o m e rs  i n  s m a l l e r  q u a n t i t i e s ,  was used

as  i t  was t h o u g h t  t h a t  i t  was more l i k e l y  t o  be used  a s  a f u t u r e

commercial  f o r m u l a t i o n ,  on economic g r o u n d s ,  t h a n  any o f  t h e  pu re

isomers  (B e v e r id g e  e t  a l . , 1981b) .  Chlorpropham, Tecnazene  and DMN

were a b s o rb e d  o n t o  25 g o f  a lu m in a  u s i n g  t h e  method d e s c r i b e d  i n

s e c t i o n  3 . 2 . 1  o f  C h a p t e r  3 and a p p l i e d  a s  a d u s t .  Chlorpropham and
_ 1

Tecnazene were a p p l i e d  a t  t h e  normal  commerc ial  d o s e s  o f  20 mg kg
_ 1

p o t a t o e s  and 135 mg kg p o t a t o e s  r e s p e c t i v e l y .  DMN was f o r m u l a t e d

- 1and a p p l i e d  i n  t h e  same way a t  a  dose  o f  100 mg kg p o t a t o e s ,  t h i s  

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

(B eve r idge ,  1979) .

C o n t r o l  t u b e r s  were t r e a t e d  w i t h  25 g o f  a lum ina  t o  a c c o u n t  f o r  any

e f f e c t  on t h e  r a t e  o f  w a t e r  l o s s  t h a t  t h e  a lu m in a  i n  s p r o u t

s u p p r e s s a n t  f o r m u l a t i o n s  may have h a d .  M ethanol  (R a th b u rn ,  U.K.)  was

a p p l i e d  a s  a  s p r a y  u s i n g  a  L a b o r a t o r y  Spray  Gun (Shandon S o u th e rn

3 -1P r o d u c t s ,  U.K.)  a t  t h e  a p p l i c a t i o n  r a t e  o f  2 . 5  cm kg p o t a t o e s .  The 

boxes t r e a t e d  w i t h  m ethano l  were t h e n  a i r e d  f o r  2 . 5  h o u r s  a f t e r  

t r e a tm e n t  b e f o r e  b e i n g  c l o s e d  and we ighed .

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

p o t a t o e s  i n  t h i s  g r o u p .  T h i s  was n o t  p o s s i b l e  a s  a t  t h e  t im e  o f

60
h a r v e s t  t h e  f a c i l i t y  a t  t h e  S.U .R .R .C .  w i t h i n  which t h e  Co s o u r c e  i s  

s i t u a t e d  was c l o s e d  f o r  e s s e n t i a l  m a i n t e n a n c e .  M a in tenance  was ,  

however , com p le ted  by t h e  end o f  t h e  c u r i n g  p e r i o d  and i r r a d i a t i o n  

t r e a t m e n t s  were i n c l u d e d  i n  group  2 .
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A f t e r  t r e a t m e n t  on O c to b e r  2 each  box was weighed u s i n g  a  S a l t e r  

model 1325 e l e c t r o n i c  b a l a n c e  t o  an a c c u r a c y  o f  + 0 .05  kg.  The boxes  

were p l a c e d  i n  a  c o n s t a n t  t e m p e r a t u r e  room and s t o r e d  a t  25°C + 1°C 

f o r  19 days  f o r  c u r i n g  a f t e r  which t h e y  were t r a n s f e r r e d  on O c to b e r  21 

to  a c o n s t a n t  t e m p e r a t u r e  room a t  8°C + 1°C f o r  t h e  r e m a in d e r  o f  t h e  

expe r im en t .  Each box was s u b s e q u e n t l y  weighed p e r i o d i c a l l y  t h r o u g h o u t  

s to r a g e  and t h e  r e l a t i v e  h u m id i ty  o f  t h e  c o n s t a n t  t e m p e r a t u r e  room 

m onitored.

Group 2 box e x p e r im e n t

The p o t a t o e s  i n  t h e  second  group  o f  boxes  were c u re d  b e f o r e  

t r e a tm e n t  by s t o r i n g  them a t  a  c o n s t a n t  t e m p e r a t u r e  o f  25°C f o r  19 

days. The t r e a t m e n t s  u sed  i n  t h i s  g roup  were t h e  same a s  t h o s e  used  

on group 1 boxes ;  c o n t r o l ,  Chlorpropham, Tecnazene ,  DMN and m e t h a n o l ,  

with t h e  a d d i t i o n  o f  two i r r a d i a t i o n  t r e a t m e n t s  o f  0 .10  kGy and 0 .1 5  

kGy and a  f u r t h e r  c o n t r o l  t r e a t m e n t .  The p o t a t o e s  i n  t h e  s eco n d  

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

S.U.R.R.C.  w i t h  t h e  sam ples  t o  be i r r a d i a t e d  and s i n c e  t h o s e  c o n t r o l s  

were f o r  c om pa r i son  w i t h  i r r a d i a t e d  p o t a t o e s  t h e y  were  no t  d u s t e d  w i t h  

alumina.

Chemical  t r e a t m e n t s  were a p p l i e d  by t h e  same method and a t  t h e  same 

doses a s  f o r  g roup  1 b o x e s .  T re a t m e n t s  were c a r r i e d  o u t  on O c to b e r  

21. S ix  r e p l i c a t e  boxes  were used  -  two wounded and f o u r  non-wounded.  

I r r a d i a t i o n s  were c a r r i e d  o u t  a s  d e s c r i b e d  i n  C h a p t e r  2 and i r r a d i a t e d  

and c o n t r o l  t u b e r s  r e t u r n e d  t o  Glasgow U n i v e r s i t y .  A l l  g roup  2 boxes  

were weighed a f t e r  t r e a t m e n t  and t r a n s f e r r e d  t o  a  c o n s t a n t  t e m p e r a t u r e  

room a t  8°C + 1°C f o r  t h e  r e m a in d e r  o f  t h e  e x p e r i m e n t .  They were
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s u b s e q u e n t ly  r e - w e i g h e d  p e r i o d i c a l l y  and t h e  r e l a t i v e  h u m id i ty  o f  t h e  

c o n s ta n t  t e m p e r a t u r e  room was m o n i t o r e d .

In b o t h  g roup  1 and  g roup  2 b o x e s ,  a t  each  w e ig h in g  d a t e ,  s am ples  

were removed from one box o f  t h e  t h i r d  p a i r  o f  r e p l i c a t e s  i n  each  

t r e a t m e n t .  These  s am p les  were used f o r  p e r i d e r m  i s o l a t i o n  a s  o u t l i n e d  

in  Chap te r  5 .  When sam ples  were t a k e n  a v i s u a l  a s s e s s m e n t  o f  t h e  

ge ne ra l  l e v e l  o f  s p r o u t  deve lopment  and d e g r e e  o f  i n f e c t i o n  was

undert aken  i n  t h a t  p a i r  o f  b o x e s ,  a s  i t  was t h o u g h t  unwise  t o  d i s t u r b

the r a t e  o f  w a t e r  l o s s  i n  t h e  o t h e r  f o u r  r e p l i c a t e  boxes  o f  e ach  

t r e a t m e n t .

Boxes were s t a c k e d  i n  t h e  c o n s t a n t  t e m p e r a t u r e  room i n  p a i r s ,  each  

p a i r  c o n s i s t i n g  o f  a  wounded and non-wounded r e p l i c a t e  o f  a t r e a t m e n t .  

Af te r  each  w e ig h in g  t o p  and bo t to m  boxes  were swapped t o  even o u t  any

r e s i s t a n c e  t o  w a t e r  l o s s  ca use d  by box p o s i t i o n .

The s t u d y  was c o n c lu d e d  on March 31 a s  i t  had become a p p a r e n t  t h a t  

l e v e l s  o f  s p r o u t i n g  and r o t t i n g  i n  some t r e a t m e n t s  were h a v i n g  a  g r e a t  

i n f l u e n c e  on w e ig h t  l o s s e s  by t h a t  d a t e .
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4.3 R e s u l t s

R e l a t i v e  Humid i ty

The r e l a t i v e  h u m i d i t y  i n  t h e  c o n s t a n t  t e m p e r a t u r e  room i n  which 

c uring  took  p l a c e  a t  25°C was found t o  be 41% +_ 2%. T h i s  i s  

c o n s id e r a b l y  lower  t h a n  would have been d e s i r a b l e  f o r  o p t i m a l  wound 

h e a l i n g ,  b u t  o t h e r ,  more s u i t a b l e  f a c i l i t i e s  were n o t  a v a i l a b l e .

Under t h e s e  c o n d i t i o n s  d r y i n g  o f  t h e  wounds on wounded p o t a t o e s  was 

observed and t h e  wounds o f  t h o s e  t u b e r s  had powdery s u r f a c e s  

presumably due t o  t h e  d r y i n g  o f  s t a r c h .

The r e l a t i v e  h u m id i ty  o f  t h e  c o n s t a n t  t e m p e r a t u r e  room u s e d  f o r  

s to ra g e  a t  8°C was measured  t o  be 95% _+ 2%.

Sprout ing

S p r o u t i n g  was c o m p l e t e l y  i n h i b i t e d  t h r o u g h o u t  s t o r a g e  i n  p o t a t o e s  

t r e a t e d  w i t h  Chlorp ropham o r  i r r a d i a t e d  a t  0 .1 0  o r  0 .15  kGy. C o n t r o l  

tuber s  had s p r o u t s  o f  a p p r o x i m a t e l y  20 mm by December 10 i n  b o t h  

groups o f  p o t a t o e s ,  and by t h e  end o f  t h e  s t o r a g e  p e r i o d  s p r o u t s  were 

on a ve rage  a p p r o x i m a t e l y  200 mm i n  l e n g t h .  M ethano l  d i d  no t  a p p e a r  t o  

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

spou t ing  i n  m e th a n o l  t r e a t e d  t u b e r s  was v i s u a l l y  i n d i s t i n g u i s h a b l e  

from t h a t  i n  c o n t r o l s .

Tecnazene i n h i b i t e d  s p r o u t i n g  t e m p o r a r i l y  and i n  an  uneven  way a s  

was p r e v i o u s l y  o b s e r v e d  i n  C h a p te r  3 .  L i t t l e  s p r o u t i n g  was o b s e r v e d  

u n t i l  t h e  b e g i n n i n g  o f  F e b r u a r y  i n  Tecnazene  t r e a t e d  p o t a t o e s  when i t  

reached a p p r o x i m a t e l y  10 mm i n  bo th  g ro u p s  o f  p o t a t o e s .  By t h e  end o f  

the s t o r a g e  p e r i o d  s p r o u t s  had grown t o  a p p r o x i m a t e l y  20 mm a t  t h e  

c en t r e  o f  each  box b u t  t o  n e a r l y  100 mm a t  t h e  edges  o f  t h e  b o x e s .
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DMN d i d  n o t  a p p e a r  t o  i n h i b i t  s p r o u t i n g  a t  a l l  e f f e c t i v e l y  i n  t h i s  

s tudy ,  a l t h o u g h  t h e  s p r o u t i n g  o f  DMN t r e a t e d  t u b e r s  a p p e a r e d  t o  l a g  

m a r g in a l ly  b e h in d  c o n t r o l  t u b e r s .  At t h e  o n s e t  o f  s p r o u t i n g  t h e  

d i f f e r e n c e  was s m a l l ,  s p r o u t i n g  was a p p r o x i m a t e ly  15 mm by December 

10. By t h e  end o f  t h e  s t o r a g e  p e r i o d  t h e  d e g r e e  o f  s p r o u t i n g  i n  DMN 

t r e a t e d  p o t a t o e s  was no d i f f e r e n t  t o  t h a t  i n  c o n t r o l s .

Rot t ing

As was e x p e c t e d  r o t t i n g  o c c u r r e d  t o  a  v e ry  much g r e a t e r  e x t e n t  i n  

wounded p o t a t o e s  t h a n  i n  non-wounded p o t a t o e s .  T h i s  was t h e  c a s e  i n  

p o t a t o e s  o f  a l l  t r e a t m e n t s .  Towards t h e  end o f  t h e  s t u d y  a l l  wounded 

p o ta to e s  o f  a l l  t r e a t m e n t s  i n  b o t h  g roups  had s e v e r e l y  r o t t e d .

From t h e  v i s u a l  a s s e s s m e n t s  c a r r i e d  ou t  i t  was n o t  p o s s i b l e  t o  

de termine  w h e t h e r  Tecnazene  t r e a t m e n t  r e s t r i c t e d  r o t t i n g  i n  wounded 

p o t a t o e s  t o  any a p p r e c i a b l e  e x t e n t .  S i m i l a r l y  i t  was n o t  p o s s i b l e  t o  

d e t e c t  any o b v io u s  a c c e l e r a t i o n  o f  r o t t i n g  i n  o t h e r  t r e a t m e n t s  such  a s  

Chlorpropham t r e a t e d  o r  i r r a d i a t e d  p o t a t o e s  when compared t o  c o n t r o l s .

L i t t l e  r o t t i n g  o c c u r r e d  i n  non-wounded t r e a t m e n t s  i n  e i t h e r  g roup  1 

or  group 2 s t u d i e s  by t h e  end o f  t h e  s t o r a g e  p e r i o d  s t u d i e d .  The 

amount o f  r o t t i n g  o b s e r v e d ,  t y p i c a l l y  2 - 3  t u b e r s  r o t t e d  i n  a  box 

c o n ta i n in g  a p p r o x i m a t e l y  60 -  70 t u b e r s ,  was t o o  s m a l l  f o r  a  v a l i d  

comparison o f  t h e  e f f e c t s  o f  t h e  t r e a t m e n t s  used  on t h e  r o t t i n g  o f  

non-wounded t u b e r s .
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Weight l o s s

The c u m u l a t i v e  w e i g h t  l o s s  f rom each  box by each  measurement  d a t e  

was c a l c u l a t e d  and e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  w e ig h t  o f  t u b e r s  

a f t e r  t r e a t m e n t .  The mean o f  t h e  two r e p l i c a t e  b o x e s ,  wounded o r  non-  

wounded, i n  e a ch  t r e a t m e n t  was c a l c u l a t e d .  These mean p e r c e n t a g e  

weight l o s s e s  were p l o t t e d  a g a i n s t  t im e  and a r e  p r e s e n t e d  a s  g r a p h s  

4.1 t o  4 . 8 .
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From g r a p h s  4 .1  t o  4 . 8  i t  can  be s e e n  t h a t  a l t h o u g h  c u m u l a t i v e  

p e r c e n ta g e  w e ig h t  l o s s e s  i n c r e a s e  w i t h  t im e  o f  s t o r a g e  t h e  

r e l a t i o n s h i p s  a r e  n o n - l i n e a r .  The d a t a  was t h e r e f o r e  t r a n s f o r m e d  i n t o  

a l i n e a r  form p r i o r  t o  a t t e m p t s  t o  f i n d  r e l a t i o n s h i p s  be tw een  w e i g h t  

l o s s  and t im e  s t o r e d  by r e g r e s s i o n .  From g r a p h s  4 .1  t o  4 . 4  i t  i s  a l s o  

a p p a re n t  t h a t  w e i g h t  l o s s e s  i n  t h e  group  1 e x p e r im e n t  o c c u r  a t  two 

d i f f e r e n t  r a t e s ;  d u r i n g  t h e  e a r l y  p a r t  o f  s t o r a g e  and s u b s e q u e n t l y .

For t h a t  r e a s o n  t h e  two p a r t s  o f  t h o s e  g r a p h s  were  p l o t t e d  and 

r e g r e s s e d  s e p a r a t e l y .

S e v e r a l  d i f f e r e n t  t r a n s f o r m a t i o n s  o f  t h e  d a t a  were i n v e s t i g a t e d

wi th  v a r y i n g  d e g r e e s  o f  s u c c e s s .  I t  was found t h a t  o f  t h o s e

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

p e r c e n ta g e  w e ig h t  l o s s  gave t h e  b e s t  improvement o f  t h e  l a t t e r  p a r t  o f  

the  group 1 d a t a .  Group 2 d a t a  was found t o  be b e s t  l i n e a r i s e d  by 

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

None o f  t h e  t r a n s f o r m a t i o n s  s t u d i e d  improved t h e  e a r l i e r  s e c t i o n  o f  

group 1 d a t a  s i g n i f i c a n t l y  compared w i t h  t h e  s im p le  l i n e a r  r e g r e s s i o n  

model.  As e x h a u s t i v e  t e s t i n g  o f  many d i f f e r e n t  t r a n s f o r m a t i o n s  would 

have r e s u l t e d  i n  t h e  i n c r e a s i n g  p r o b a b i l i t y  o f  f i n d i n g  a  n o n e x i s t e n t  

e m p i r i c a l  r e l a t i o n s h i p  be tween  t h e  two v a r i a b l e s  i t  was d e c id e d  t o  u se  

the  l i n e a r  r e g r e s s i o n  model  f o r  t h a t  d a t a .

R e g r e s s i o n  c o n s t a n t s  a  and b o f  t h e  r e g r e s s i o n  e q u a t i o n s  d e s c r i b i n g  

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

t a b l e s  4 .1  t o  4 . 3 .  The e q u a t i o n s  a r e  o f  t h e  f o l l o w i n g  fo rm ,

Group 1 (19 day c u r i n g  p e r i o d )  y = a  + bx

Group 1 ( p o s t - c u r i n g  s t o r a g e  p e r i o d )  l ° S eY = a  + bx

Group 2 ( c u r i n g  and s t o r a g e  p e r i o d )  >/y = a  + bx
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where y i s  t h e  c u m u l a t i v e  p e r c e n t a g e  w a t e r  l o s s  and x i s  t h e  t i m e

in  s t o r e  a f t e r  t r e a t m e n t .  The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  v a l u e s ,

2
R , f o r  t h o s e  e q u a t i o n s  a r e  a l s o  c o n t a i n e d  i n  t a b l e s  4 .1  t o  4 . 3  a s  a r e

2
the  c o e f f i c i e n t s  o f  d e t e r m i n a t i o n  o f  l i n e a r  r e g r e s s i o n  l i n e s ,  , f o r  

comparison  w i t h  t h o s e  o f  t r a n s f o r m e d  d a t a  where a p p r o p r i a t e .

The s l o p e ,  b ,  o f  t h e  l e a s t - s q u a r e s  r e g r e s s i o n  l i n e  f o r  e a ch  

t r e a tm e n t  was compared w i t h  t h e  s l o p e  o f  t h e  r e l e v a n t  c o n t r o l  l i n e  i n  

a t e s t  o f  h o m o g e n e i ty .  The s l o p e s  o f  t r e a t m e n t  l i n e s  t h a t  were 

s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  f rom t h e  c o n t r o l  l i n e  s l o p e  

a r e  i n d i c a t e d  i n  t a b l e s  4 .1  t o  4 . 3 .
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Table  4 . 1 .  L i n e a r  r e g r e s s i o n  c o n s t a n t s  d e s c r i b i n g  t h e  r e l a t i o n s h i p s  

be tw een  c u m u l a t i v e  p e r c e n t a g e  w e igh t  l o s s e s  f rom c o n t r o l  

and c h e m i c a l l y  t r e a t e d  c v .  Record p o t a t o e s  and t ime  

s t o r e d .  Weight  l o s s e s  d u r i n g  a 19 day c u r i n g  p e r i o d  a t

25°C from wounded and non-wounded p o t a t o e s  

i m m e d i a t e l y  a f t e r  h a r v e s t  (group 1) .

Non-wounded

t r e a t e d

Trea tmen t a b s . e .  o f  b R2

C o n t r o l 0 .3 9 0.19 0 .0 14 97 .4

Chlorpropham - 0 . 1 0 0 .2 3 0.012 98 .7

Tecnazene 0 .1 9 0.19 0 .0 1 3 97 .8

DMN 0.0 4 0 .2 3 0 .0 08 99 .4

Methanol 0 . 6 8 0 .1 9 0 .0 1 8 9 5 .5

Wounded

Trea tm en t a b s . e .  o f  b R2

C o n t r o l 0 .4 9 0 .2 3 0.024 95 .0

Chlorpropham 0 .2 7
*

0 .33 0 .0 14 99.1

Tecnazene 0 .4 2 0 .2 3 0.024 94 .9

DMN 0 .4 7 0 .28 0 .027 95 .7

Methanol 0 .2 5 0 .2 5 0.017 97 .7

a i s  t h e  y - i n t e r c e p t ,  b t h e  s l o p e ,  s . e . t h e  s t a n d a r d ^ d 2 e r r o r  and R
#

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

s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  c o n t r o l  v a l u e  a t  t h e  5% 

s i g n i f i c a n c e  l e v e l .
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T ab le  4 . 2 .  L i n e a r  r e g r e s s i o n  c o n s t a n t s  d e s c r i b i n g  t h e  r e l a t i o n s h i p s  

be tw een  l o g e o f  t h e  c u m u l a t i v e  p e r c e n t a g e  w e ig h t  l o s s e s  

f rom c o n t r o l  and c h e m i c a l l y  t r e a t e d  c v .  Record  p o t a t o e s  

and t im e  s t o r e d .  Weight l o s s e s  f rom wounded and non-  

wounded p o t a t o e s  s t o r e d  a t  8°C f o r  163 days f o l l o w i n g  

t r e a t m e n t  im m ed ia te ly  a f t e r  h a r v e s t  and a  19 day c u r i n g  

p e r i o d  a t  25°C (g roup  1) .

Non-wounded

Trea tmen t a b s . e .  o f  b R2

C\J

C o n t r o l 1 .05 0.0061 0.00051 98 .6 9 4 .8

Chlorpropham 1.24 0.0051 0.00046 98 .4 9 6 .5

Tecnazene 1 .0 0 0.0059 0.00014 99 .9 99 .0

DMN 1.14 0.0063 0.00055 9 8 .5 9 4 .4

Methanol 1 .18 0.0053 0 .00054 98 .0 9 4 .2

Wounded

Trea tm en t a b s . e .  o f  b R2
rl 2

C o n t r o l 1.28 0 .0063 0.00058 98 .3 9 4 .2

Chlorpropham 1.67 0 .0062 0.00024 99 .7 9 7 .5

Tecnazene 1.33 0 .0042 0.00052 97.1 9 6 . 8

DMN 1.48 0 .0056 0.00037 99.1 95 .9

Methanol 1.19 0.0071 0.00085 100.0 9 1 . 8

2
a i s  t h e  y - i n t e r c e p t ,  b t h e  s l o p e ,  s . e .  t h e  s t a n d a r d  e r r o r  and

2
and R t h e  c o e f f i c i e n t s  o f  d e t e r m i n a t i o n  f o r  l i n e a r  and

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

d i f f e r e n t  f rom t h e  c o n t r o l  v a l u e  a t  t h e  5% s i g n i f i c a n c e  l e v e l .
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O v e r a l l  c u m u l a t i v e  p e r c e n t a g e  w e igh t  l o s s e s  were a s s e s s e d  u s i n g  an 

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

weight  l o s s  a t  t h e  end o f  t h e  s t o r a g e  p e r i o d  from e a ch  t r e a t m e n t ,  

wounded and non-wounded,  i n  e a ch  group  and compar ing  them t o  t h e  

a p p r o p r i a t e  c o n t r o l  v a l u e .  A d d i t i o n a l l y ,  f o r  g roup  1 t r e a t m e n t s  t h e  

c um ula t ive  p e r c e n t a g e  w e i g h t  l o s s e s  by t h e  end o f  t h e  c u r i n g  p e r i o d  

were compared w i t h  t h e  l o s s e s  f rom c o n t r o l s  a t  t h a t  p o i n t .

S i g n i f i c a n t  d i f f e r e n c e s  were i d e n t i f i e d  u s i n g  D unc a n ' s  New M u l t i p l e  

Range T e s t  (DMRT). The r e s u l t s  o f  t h e  m u l t i p l e  c om par i son  t e s t s  a r e  

c o n ta i n e d  i n  t a b l e s  4 . A and 4 . 5 .
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Tab le  4 . 4 .  Mean c u m u l a t i v e  p e r c e n t a g e  w e igh t  l o s s e s  f rom c o n t r o l  

and c h e m i c a l l y  t r e a t e d  wounded and non-wounded c v . 

Record  p o t a t o e s .  P o t a t o e s  t r e a t e d  i m m e d ia te ly  a f t e r  

h a r v e s t ,  c u re d  f o r  19 days  a t  25°C and s u b s e q u e n t l y  

s t o r e d  a t  8°C f o r  a f u r t h e r  163 days  (g roup  1 ) .

Weight l o s s e s  a t  end o f  t h e  19 day c u r i n g  p e r i o d .

Non-wounded Wounded

Mean P e r c e n t a g e  
T re a tm e n t  Weight  Loss

S t a n d a r d
D e v i a t i o n

Mean P e r c e n t a g e  
Weight  Loss

S t a n d a r d
D e v i a t i o n

C o n t r o l 3 .5 8 0.039 4 .2 7 0 .048

Chlorpropham 3.86 0 .350 6 .08* 0 .329

Tecnazene 3 .3 2 0 .350 3 .3 9 1.188

DMN 4.11 0 .015 5 .2 6 0 .0 0 0

Methanol 3 .8 3 0.361 4 .5 4 0 .344

Weight  l o s s e s  a t  t h e  end o f  182 days  s t o r a g e .

Non-wounded Wounded

Mean P e r c e n t a g e S t a n d a r d Mean P e r c e n t a g e S t a n d a r d
Trea tm en t Weight Loss D e v i a t i o n Weight  Loss D e v i a t i o n

C o n t r o l 8 .9 5 0 .988 11.74 0 .887

Chlorpropham 9.00 1.058 16.67 0 .249

Tecnazene 7 .9 3 0 .333 8 .2 2 0 .406

DMN 10.28 0.690 12.63 0 .000

Methanol 8 .9 3 0.361 12.83 0 .659

* d e n o t e s  a  s i g n i f i c a n t  d i f f e r e n c e  from t h e  c o n t r o l  v a l u e  a t  t h e  

5% l e v e l  a s  d e t e r m i n e d  u s i n g  DMRT. Non-wounded and  wounded 

l o s s e s  were  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  i n  a  t - t e s t .
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Tab le  4 . 5 .  Mean c u m u l a t i v e  p e r c e n t a g e  w e igh t  l o s s e s  f rom c o n t r o l ,  

i r r a d i a t e d  and c h e m i c a l l y  t r e a t e d  wounded and non

wounded c v .  Record  p o t a t o e s .  P o t a t o e s  were c u re d  a f t e r  

h a r v e s t  f o r  19 days  a t  25°C, t r e a t e d  and s u b s e q u e n t l y  

s t o r e d  a t  8°C f o r  a  f u r t h e r  143 days  (g roup  2 ) .

Weight  l o s s e s  a t  t h e  end o f  162 days  s t o r a g e .

Non-wounded Wounded

T re a tm e n t  Mean P e r c e n t a g e  S t a n d a r d  Mean P e r c e n t a g e  S t a n d a r d  
Weight  Loss  D e v i a t i o n  Weight  Loss  D e v i a t i o n

C o n t r o l 5 .3 2 0 .040 9.67 0 .315

Chlorpropham
*

2 .9 2 0 .342 10.22 0.471

Tecnazene 4.51 0 .426 7 .72 1.588

DMN
#

3 .99 0 .376 8 .3 8 0 .0  66

Methanol
*

6 .6 3 0 .3 5 0 16.19* 2 .0 5 8

I r r a d i a t i o n
C o n t r o l

5 .3 2 0 .6 70 11.35 1.529

0 .1 0  kGy 
I r r a d i a t i o n

*+4.21 0 .5 00 *+19.73 0 .4 25

0.15  kGy 
I r r a d i a t i o n

5.  14 0 .0 0 0 *+18.28 1.026

*
d e n o t e s  a s i g n i f i c a n t d i f f e r e n c e  from t h e  c o n t r o l v a l u e .

+ d e n o t e s  a s i g n i f i c a n t d i f f e r e n c e  from t h e  i r r a d i a t i o n  c o n t r o l .

S i g n i f i c a n t  d i f f e r e n c e s  between  t r e a t m e n t s  were  d e t e r m i n e d  u s i n g  

DMRT and a r e  d i f f e r e n c e s  a t  t h e  5% s i g n i f i c a n c e  l e v e l .

Weight l o s s e s  f rom non-wounded and wounded p o t a t o e s  were t - t e s t e d  

and were  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l .
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4.4  D i s c u s s i o n

4 .4 .1  C u m u la t iv e  p e r c e n t a g e  w e igh t  l o s s e s  

The e f f e c t  o f  wounding on w e i g h t  l o s s

The v a l u e s  o b t a i n e d  i n  t a b l e s  4 . 4  and 4 . 5  i n d i c a t e  t h a t  a s  e x p e c t e d  

wounded p o t a t o e s  l o s t  more w e igh t  d u r i n g  s t o r a g e  t h a n  non-wounded 

p o t a t o e 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  t h e  5% l e v e l  i n  a  poo led  t - t e s t )  

a l t h o u g h  t h e  m agn i tude  o f  t h a t  d i f f e r e n c e  i s  dependen t  on t r e a t m e n t .  

Such d i f f e r e n c e s  em phas i se  t h e  i m p o r ta n c e  o f  m a i n t a i n i n g  an i n t a c t  

s k in  on p o t a t o e s  t o  l i m i t  e v a p o r a t i v e  w a t e r  l o s s .

The e f f e c t  o f  c u r i n g  c o n d i t i o n s  on w e igh t  l o s s

A c om pa r i son  o f  t h e  w e ig h t  l o s s e s  f rom c u r e d  p o t a t o e s  and t h o s e  

measured from h a r v e s t  onwards i n  t a b l e  4 .4  r e v e a l s  t h a t  a s u b s t a n t i a l  

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

i n  t h e  i n i t i a l  c u r i n g  p e r i o d .  T h i s  i s  n o t  s imply  an  e f f e c t  o f  

t r e a t m e n t s  on wound h e a l i n g ,  a s  can be s e e n  from t h e  r e l a t i v e  c o n t r o l  

v a lu e s  i n  t a b l e s  4 . 4 .  For  example from t a b l e  4 . 4  i t  can  be s e e n  t h a t  

i n  non-wounded p o t a t o e s  d u r i n g  t h e  19 day c u r i n g  p e r i o d  3.6% o f  t h e  

i n i t i a l  w e i g h t  i s  l o s t  f rom group  1 c o n t r o l s ,  w h i l e  o n l y  a f u r t h e r  

5.4% i s  l o s t  i n  t h e  f o l l o w i n g  163 days  o f  s t o r a g e .  More r a p i d  w e ig h t  

l o s s  i s  found  from b o t h  wounded and non-wounded t r e a t m e n t s .

I t  was o b s e r v e d  t h a t  i n  t u b e r s  wounded and c u r e d  a t  25°C and 40% 

r e l a t i v e  h u m id i ty  t h e  wounds became d r y  and had a  powdery a p p e a r a n c e .  

Th is  e f f e c t  was p r o b a b l y  due t o  t h e  d e p o s i t i o n  and d r y i n g  o f  s t a r c h  

from d i s r u p t e d  c e l l s  a t  t h e  s u r f a c e  o f  t h e  wounds, such  d r y i n g  had 

been o b s e rv e d  by W ig g in to n  ( 1 9 7 4 ) .  At a  t e m p e r a t u r e  o f  8°C and 95% 

r e l a t i v e  h u m i d i t y  su c h  d r y i n g  and  d e p o s i t i o n  d i d  n o t  t a k e  p l a c e .  Thus

166



the  c o n d i t i o n s  i n  t h e  g roup  1 s t u d y  may have l i m i t e d  w e ig h t  l o s s  i n  a 

d i f f e r e n t  way t o  normal  wound h e a l i n g .  T h i s  f a c t  s h o u l d  be bo rne  i n  

mind i n  c o m p a r i s o n s  o f  g roup  1 and g roup  2 s t u d i e s  a s  t h e y  may n o t  be 

s t r i c t l y  comparab le  i n  a l l  c a s e s .

The e f f e c t  o f  t r e a t m e n t  on w e ig h t  l o s s

Methanol

The s i n g l e  e x c e p t i o n  t o  t h e  p a t t e r n  t h a t  c u re d  p o t a t o e s  l o s e  l e s s  

weight  t h a n  t h o s e  t r e a t e d  b e f o r e  c u r i n g  i s  t o  be  found w i th  wounded 

methanol  t r e a t e d  t u b e r s .  I n  t u b e r s  t r e a t e d  b e f o r e  c u r i n g  m e tha no l  had 

no s i g n i f i c a n t  e f f e c t  on w e ig h t  l o s s  a s  can  be s e e n  from t a b l e  4 . 4 .  

However, t a b l e  4 . 5  shows t h a t  b o t h  non-wounded and wounded c u r e d  

t u b e r s  t r e a t e d  w i t h  m eth a n o l  i m m e d ia te ly  p r i o r  t o  rem oval  t o  s t o r a g e  

a t  8°C l o s t  s i g n i f i c a n t l y  more w e ig h t  t h a n  c o n t r o l s .  R e f e r e n c e  t o  

graph 4 . 5  r e v e a l s  t h a t  t h e r e  i s  a l a r g e  d i f f e r e n c e  between  t h e  l a s t  

two m easurem ents  o f  w e i g h t  l o s s  f rom c o n t r o l  and m ethano l  t r e a t m e n t s  

of  non-wounded g roup  2 t u b e r s .  T h i s  r i s e  i s  p r o b a b ly  due t o  i n c r e a s e d  

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

wi th  i n c r e a s i n g  s p r o u t  g ro w th .  The d i f f e r e n c e  be tween  t h e  c o n t r o l  and 

methanol  t r e a t m e n t s  a l t h o u g h  s t a t i s t i c a l l y  s i g n i f i c a n t  i s  n o t  

n u m e r i c a l ly  v e r y  l a r g e  and may i n  f a c t  be due s im p l y  t o  t h e  n a t u r a l  

v a r i a t i o n  i n  s p r o u t  l e v e l s  o f t e n  found i n  p o t a t o e s .

The e f f e c t  o f  m ethano l  on wounded g roup  2 t u b e r s  however i s  v e ry  

l a r g e ,  t h e  w e i g h t  l o s s  f rom m e th a n o l  t r e a t e d  t u b e r s  i s  a lm o s t  t w i c e  

t h a t  measured from c o n t r o l s .  The e f f e c t  o f  m e thano l  on t h e  wound 

h e a l i n g  p r o c e s s  a t  8°C may be due t o  t h e  c y t o t o x i c  e f f e c t  o f  m e tha no l  

o r  t o  a n  i n t e r r u p t i o n  o f  s u b e r i s a t i o n  o f  t h e  wound or  t h e  s t r u c t u r e  o f
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t h e  s u b e r i n  l a y e r  i n  t h e  non-wounded a r e a s  o f  t h e  t u b e r s .  O rgan ic  

s o l v e n t s  have been  shown t o  d i s s o l v e  wax m a t e r i a l  f rom t h e  s u r f a c e  o f  

pe r ide rm s  (Hayward,  1974) and s u r f a c e  waxes have  been  shown t o  be 

im p o r ta n t  i n  r e s t r i c t i n g  w a t e r  movement t h ro u g h  t h e  p e r i d e r m  ( S o l i d a y  

e t  a l . , 1979; E s p e l i e  e t  a l . , 1980) .

Why t h e n  does  m ethano l  have  no e f f e c t  on t h e  wound h e a l i n g  o f  

t u b e r s  c u r e d  a t  25°C a f t e r  t r e a t m e n t ?  The answer may b e  t h a t  t h e  

im por ta n t  l i m i t  t o  w e i g h t  l o s s  unde r  t h o s e  c o n d i t i o n s  i s  t h e  e f f e c t  o f  

s t a r c h  d e p o s i t i o n  and  d r y i n g  r a t h e r  t h a n  normal  wound h e a l i n g .  I f  

methanol  t r e a t m e n t  had  l i t t l e  o r  no e f f e c t  on t h a t  p r o c e s s  i t  would 

not  i n f l u e n c e  w e i g h t  l o s s  i n  t h o s e  t u b e r s .

Chlorpropham

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

Chlorpropham t r e a t e d  t u b e r s  had l o s t  s i g n i f i c a n t l y  more w e i g h t  t h a n  

the  c o n t r o l s  by e i t h e r  t h e  end o f  t h e  c u r i n g  p e r i o d  o r  t h e  end o f  t h e  

s tudy  a s  can  be s e e n  from t a b l e  4 . 4 .  These r e s u l t s  a r e  a s  would be 

e xpec ted  i f  Chlorpropham a f f e c t s  wound h e a l i n g  by t h e  same mechanism 

as  i t  i n h i b i t s  s p r o u t i n g ,  by  i n t e r r u p t i n g  c e l l  d i v i s i o n .  When 

Chlorpropham i s  d u s t e d  o n to  p o t a t o e s ,  a s  i n  t h i s  s t u d y ,  i t  may n o t  be 

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

d i v i d i n g  p e r i d e r m  c e l l s  below i n  non-wounded t u b e r s .  I n  wounded 

t u b e r s ,  however ,  a t  t h e  s u r f a c e  o f  t h e  wound t h o s e  c e l l s  w i l l  b e  i n  

d i r e c t  c o n t a c t  w i t h  t h e  d u s t  f o r m u l a t i o n  and t h u s  w i t h  C h lo rp ropham .  

The i n h i b i t i o n  o f  t h e  d i v i s i o n  o f  t h o s e  c e l l s  by Ch lo rp ropham may 

r e s u l t  i n  a  l e s s  w e l l  d e v e lo p e d  p e r i d e r m  which would be l e s s  e f f e c t i v e  

as  a b a r r i e r  t o  w a t e r  l o s s .
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I f  t h i s  i s  th e  c o r r e c t  i n t e r p r e t a t i o n  of  th e  observed  d i f f e r e n c e s  

in  weight  l o s s e s ,  i t  would be expec ted  t h a t  a Chlorpropham dus t  

a p p l i c a t i o n  would n o t  i n c r e a s e  th e  r a t e  o f  weight  l o s s  from t u b e r s  i f  

i t  was a p p l i e d  a f t e r  c u r in g  when th e  s u b e r in  l a y e r  and per ide rm would 

be b e t t e r  deve loped .  A d i f f e r e n c e  would a l s o  be  expec ted  between 

wounded and non-wounded cured  t u b e r s ,  w i th  a much g r e a t e r  w e igh t  l o s s  

expected from t h e  exposed wounded t u b e r s .

Table A.5 however does n o t  p a i n t  such a c l e a r  p i c t u r e .  The 

cumula t ive pe rc e n ta g e  w e igh t  l o s s e s  from Chlorpropham t r e a t e d  non- 

wounded t u b e r s  t r e a t e d  a f t e r  c u r in g  were no t  g r e a t e r  than  from 

c o n t r o l s ,  t h e y  were,  c o n v e r s e l y ,  s i g n i f i c a n t l y  lower .  The weight  

l o s s e s  from wounded Chlorpropham t r e a t e d  t u b e r s  i n  group 2 a r e  a l s o  

not 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  from c o n t r o l s .

These o b s e r v a t i o n s  c a n  b e  i n t e r p r e t e d  more c l e a r l y  when t h e  

r e l a t i v e  d e g r e e s  o f  s p r o u t i n g  found  i n  c o n t r o l  and Chlorpropham 

t r e a t e d  t u b e r s  a r e  t a k e n  i n t o  a c c o u n t .  I n  t h e  c a s e  o f  non-wounded 

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

permeable  s p r o u t s  t h a n  t h r o u g h  t h e  s k i n .  Ch lo rp ropham t r e a t e d  t u b e r s  

did n o t  s p r o u t  a t  a l l  and t h e r e f o r e  would n o t  have a  c o n t r i b u t i o n  t o  

weight  l o s s  f rom s p r o u t i n g ,  r e s u l t i n g  i n  lower  w e igh t  l o s s e s  f rom 

Chlorpropham t r e a t e d  t u b e r s  t h a n  from c o n t r o l s .  Graphs  A .5 and A.6 

show t h a t  i n  c o n t r o l s  t h e r e  i s  a  l a r g e  i n c r e a s e  i n  c u m u l a t i v e  

p e r c e n ta g e  w e i g h t  l o s s  i n  t h e  f i n a l  s t o r a g e  i n t e r v a l  when s p r o u t i n g  

was i n c r e a s i n g  s u b s t a n t i a l l y .  F u r t h e r  e v id e n c e  f o r  t h e  i m p o r t a n c e  o f  

s p r o u t i n g  t o  w e i g h t  l o s s  i n  t h e  l a t t e r  p a r t  o f  t h e  s t o r a g e  s e a s o n  can  

be found by r e f e r e n c e  t o  Wilson e t  a l .  (1987) i n  which  w e ig h t  l o s s e s  

a t  an e a r l i e r  s t a g e  o f  s t o r a g e  i n  t h i s  s t u d y  p o i n t  t o  l e s s  o f  a  

d i f f e r e n c e  be tw een  Chlo rp ropham and c o n t r o l  t r e a t m e n t s  a t  t h a t  t i m e .
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The c u m u l a t i v e  p e r c e n t a g e  w e igh t  l o s s e s  f rom wounded Chlo rpropham 

t r e a t e d  t u b e r s  were much g r e a t e r  t h a n  from non-wounded Chlorpropham 

t r e a t e d  t u b e r s .  T h i s  may be  t h e  r e s u l t  o f  g r e a t e r  b a c t e r i a l  and 

f unga l  i n f e c t i o n  o f  l e s s  e f f e c t i v e l y  wound h e a l e d  Ch lo rp ropham t r e a t e d  

wounded t u b e r s .  A l though  no  v i s i b l e  i n c r e a s e  c o u ld  be o b s e rv e d  i n  t h e  

degree  o f  i n f e c t i o n  when Chlorpropham t r e a t e d  t u b e r s  were compared t o  

c o n t r o l s ,  o t h e r  s t u d i e s  have  conc lude d  t h a t  g r e a t e r  i n f e c t i o n  does  

occur  (Audia e t  a l . , 1962; Reeve e t  a l . , 1963; McGee, 1984; Leonard  e t  

a l . , 1986) .  The o b s e r v a t i o n  t h a t  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  

i n  w e igh t  l o s s e s  be tw een  c o n t r o l  and Chlorpropham t r e a t m e n t s  may once 

more be due t o  t h e  d i f f e r e n c e  i n  s p r o u t  growth  i n  t h o s e  two 

t r e a t m e n t s .  The e f f e c t  o f  Chlorpropham on wound h e a l i n g  may be masked 

i n  t h i s  c a s e  by t h e  e f f e c t  o f  w a t e r  l o s s  f rom s p r o u t s  i n  c o n t r o l s .

Chlorpropham and  Methanol

Chlorpropham was a p p l i e d  i n  t h i s  s t u d y  a s  a  d u s t  f o r m u l a t i o n .  

However, i n  most  commerc ial  s t o r e s  i n  t h e  U.K. Chlorpropham i s  a p p l i e d  

as  a m ethano l  a e r o s o l  u s i n g  a  t h e r m a l  f o g g i n g  a p p a r a t u s  such  a s  a 

Swingfog machine  (B ishop  and Maunders ,  1980) .  The c o m b i n a t i o n  o f  

methanol  and  Chlorpropham i n  one t r e a t m e n t  i s  l i k e l y  t o  combine t h e  

a dve rse  e f f e c t s  o f  b o t h  t r e a t m e n t s  on w e i g h t  l o s s .  Methano l  may a l s o  

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

of  uncured  p o t a t o e s .  I n  cu re d  p o t a t o e s ,  p e r i d e r m  c e l l s  p r e v i o u s l y  

p r o t e c t e d  by t h e  s u b e r i n  l a y e r  may be exposed  t o  a t t a c k  by 

Chlorpropham. The im p o r t a n c e  o f  t h e  e f f e c t  o f  Chlorp ropham on t h o s e  

c e l l s  i s  l i k e l y  t o  depend on  how w e l l  d e v e lo p e d  t h e  p e r i d e r m  b a r r i e r  

i s  below t h e  s u b e r i s e d  c e l l  l a y e r .
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Tecnazene

Tecnazene  t r e a t e d  t u b e r s  l o s e  c o n s i s t e n t l y  l e s s  w e ig h t  t h a n  

c o n t r o l s  t h r o u g h o u t  t h e  s t u d y  a l t h o u g h  a t  no t im e  s i g n i f i c a n t l y  s o .  A 

p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  e f f e c t  may be t h a t  s p r o u t i n g  was 

p a r t i a l l y  i n h i b i t e d  by Tecnazene  t r e a t m e n t  r e s u l t i n g  i n  l e s s  

e v a p o r a t i v e  w a t e r  l o s s  t h r o u g h  s p r o u t s  b u t  u n l i k e  Chlo rpropham, 

Tecnazene d i d  n o t  a f f e c t  p e r i d e rm  f o r m a t i o n .  T h i s  e f f e c t  can  be 

i l l u s t r a t e d  by com par ing  t h e  w e igh t  l o s s e s  f rom Tecnazene  and 

Chlorpropham t r e a t e d  wounded t u b e r s .  (The w e igh t  l o s s e s  f rom 

Tecnazene t r e a t e d  t u b e r s  were found  t o  be s i g n i f i c a n t l y  low er  t h a n  

from Chlorp ropham t r e a t e d  t u b e r s  a t  t h e  5% s i g n i f i c a n c e  l e v e l  u s i n g  

DMRT i n  t h e  c a s e  o f  c u r e d  and unc u re d  wounded t r e a t m e n t s ) .  Tecnazene  

i s  used a s  a  f u n g i c i d e  f o r  t h e  c o n t r o l  o f  Fusa r ium  i n  p o t a t o e s  and may 

reduce  t h e  l e v e l  o f  f u n g a l  i n f e c t i o n  which i f  unchecked  c o u ld  l e a d  t o  

i n c r e a s e d  w e i g h t  l o s s .  The f u n g i c i d a l  a c t i o n  o f  Tecnazene  may 

c o n t r i b u t e  t o  t h e  o b s e r v e d  w e igh t  l o s s  d i f f e r e n c e s  a l t h o u g h  no 

r e t a r d a t i o n  o f  i n f e c t i o n  by Tecnazene was v i s i b l e  i n  t h i s  s t u d y .

Other  w o r k e r s  have  n o t e d  s i m i l a r  e f f e c t s  i n  Tecnazene  t r e a t e d  t u b e r s .  

McGee (1984)  o b s e r v e d  seme s t i m u l a t i o n  o f  wound h e a l i n g  when p o t a t o  

t i s s u e  d i s c s  were t r e a t e d  w i t h  a  10 ppm Tecnazene  s o l u t i o n .  Leonard  

e t  a l .  (1986)  found  t h a t  Tecnazene  d i d  no t  a d v e r s e l y  a f f e c t  wound 

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

of  s t i m u l a t i o n  was by no  means c o n s i s t e n t .  I t  s h o u ld  b e  s t r e s s e d ,  

however,  t h a t  t h e  low e r  w e ig h t  l o s s  found i n  t h i s  s t u d y  from t h e  

Tecnazene t r e a t m e n t  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  f rom 

the  w e ig h t  l o s s  f rom c o n t r o l s .  T h i s  e f f e c t  i s ,  however ,  a  phenomenon 

worthy o f  f u r t h e r  s t u d y .
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D im e th y ln a p h th a le n e

The c u m u l a t i v e  p e r c e n t a g e  w e igh t  l o s s e s  f rom DMN t r e a t e d  t u b e r s  

t r e a t e d  b e f o r e  c u r i n g  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 rom c o n t r o l s .  

However non-wounded t u b e r s  t r e a t e d  a f t e r  c u r i n g  l o s e  l e s s  w e i g h t  t h a n  

c o n t r o l s  a s  shown i n  t a b l e  4 . 5 .  Th is  d i f f e r e n c e  may be due t o  t h e  

s l i g h t  i n h i b i t i o n  o f  s p r o u t i n g  by DMN. I f  a p p l i e d  a f t e r  c u r i n g ,  t h i s  

e f f e c t ,  a l t h o u g h  i t  a p p e a r e d  q u i t e  l i m i t e d ,  may have  s i g n i f i c a n t l y  

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

not  s o p h i s t i c a t e d  enough t o  be a b l e  t o  q u a n t i f y  s m a l l  d i f f e r e n c e s  i n  

s p r o u t i n g  be tw een  t r e a t m e n t s ) .  I n  wounded t u b e r s  t r e a t e d  a f t e r  

c u r i n g ,  w e i g h t  l o s s ,  a l t h o u g h  l o w e r ,  was n o t  s i g n i f i c a n t l y  s o .  The 

d i f f e r e n c e  may be s m a l l e r  i n  t h i s  c a s e  s im p ly  b e c a u s e  i t  i s  n o t  o n l y  

the  d e g re e  o f  s p r o u t i n g  which d e t e r m i n e s  w e ig h t  l o s s  i n  t h e s e  wounded 

t u b e r s  b u t  t h e  l o s s  f rom t h e  wounds t h e m s e l v e s .  I t  a p p e a r s  f rom t h i s  

s tudy  t h a t  i f  DMN h a s  a  d e l e t e r i o u s  e f f e c t  on w e i g h t  l o s s  and by 

i m p l i c a t i o n  on wound h e a l i n g ,  t h a t  e f f e c t  i s  c o m p a r a t i v e l y  s m a l l .  Tha t  

c o n c lu s i o n  i s  i n  ag reem en t  w i th  t h e  r e s u l t s  o f  p r e v i o u s  s t u d i e s  

d i s c u s s e d  i n  s e c t i o n  4 .1  o f  t h i s  c h a p t e r .  D i f f e r e n c e s  be tween  w e i g h t  

l o s s e s  f rom DMN t r e a t e d  t u b e r s  and c o n t r o l s  c aused  by t h e  e f f e c t  o f  

DMN on r o t t i n g  c o u ld  n o t  be d e t e r m i n e d  from t h e  r e s u l t s  o f  t h i s  s t u d y  

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

be d i f f e r e n t i a t e d  by  t h e  v i s u a l  a s s e s s m e n t  u s e d .

The f a i l u r e  o f  DMN t o  c o n t r o l  s p r o u t i n g  a t  t h e  recommended 

a p p l i c a t i o n  r a t e  may be due t o  a  c o m b i n a t i o n  o f  i t s  v o l a t i l i t y  and t h e  

hum id i ty  i n  t h e  s t o r e .  B e v e r id g e  e t  a l . (1981b)  e m p h a s i se d  t h a t  DMN 

w i l l  be l e a s t  e f f e c t i v e  a t  h ig h  s t o r a g e  t e m p e r a t u r e  and i n  humid 

c o n d i t i o n s  and where f r e e  v e n t i l a t i o n  o f  t h e  compound from t h e
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p o t a t o e s  can  t a k e  p l a c e .  The im p o r t a n c e  o f  t h e  v o l a t i l i t y  o f  DMN t o  

weight  l o s s  may have  been t h e  c a u s e  o f  t h e  lower  w e ig h t  l o s s e s  found 

from non-wounded t u b e r s  t r e a t e d  im m ed ia te ly  p r i o r  t o  s t o r a g e  a t  8°C, 

where t h e  l o s s  o f  DMN due t o  v o l a t i l i s a t i o n  would b e  e x p e c t e d  t o  be 

s m a l l e r  t h a n  from p o t a t o e s  t r e a t e d  and c u r e d  a t  25°C. The e f f e c t  t h a t  

DMN h a s  on w e ig h t  l o s s  a p p e a r s  l i k e l y  t o  be due t o  i t s  e f f e c t  on 

s p ro u t  g r o w t h .  Wounded t u b e r s  were n o t  a f f e c t e d  g r e a t l y  by DMN 

t r e a t m e n t  which  i m p l i e s  t h a t  DMN may n o t  g r e a t l y  a f f e c t  wound h e a l i n g .

I r r a d i a t i o n

In  t h e  g roup  2 s t u d y  t h e  l a r g e s t  s i g n i f i c a n t  d i f f e r e n c e s ,  shown i n  

t a b l e  4 . 5 ,  a r e  t h o s e  be tw een  c o n t r o l s  and i r r a d i a t i o n  t r e a t m e n t s .

Both t h e  0 .1 0  kGy and 0 .1 5  kGy wounded i r r a d i a t e d  t r e a t m e n t s  l o s t  

a p p r o x i m a t e l y  t w i c e  a s  much w e ig h t  a s  c o n t r o l s .  There  was no 

s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  two i r r a d i a t i o n  d o s e s .  T h i s  

i m p l i e s  t h a t  t h e  h e a l i n g  o f  t h e  wounded a r e a  i n  wounded t u b e r s  i s  

g r e a t l y  i n h i b i t e d  by  i r r a d i a t i o n .

That  i r r a d i a t i o n  a f f e c t s  w e ig h t  l o s s e s  t h r o u g h  t h e  wound i n  wounded 

t u b e r s  and n o t  t h r o u g h  t h e  i n t a c t  p e r i d e r m  can be shown by compar ing  

the  l a r g e  d i f f e r e n c e s  found  be tween  wounded t r e a t m e n t s  w i t h  t h o s e  

found be tw een  non-wounded t r e a t m e n t s .  In  non-wounded t r e a t m e n t s  t h e  

weight  l o s s e s  f rom o n l y  t h e  0 .1 0  kGy i r r a d i a t i o n  dose  were 

s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  c o n t r o l  and t h e  w e i g h t  l o s s e s  f rom 

th o se  t u b e r s  were s i g n i f i c a n t l y  lower  t h a n  t h o s e  f r a n  c o n t r o l s .

How t h e n  does  i r r a d i a t i o n  r e d u c e  t h e  w e ig h t  l o s s  f rom non-wounded 

p o t a t o e s  when compared t o  c o n t r o l s ?  I r r a d i a t i o n  h a s  been  o b s e r v e d  t o  

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

(G us ta f son  e t  a l . , 1957; Kodenchery and N a i r ,  1972) ,  b u t  t h e  e f f e c t  o f
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r e s p i r a t i o n  on w e i g h t  l o s s  i s  s m a l l  i n  compar ison  t o  o t h e r  mechanisms 

of  w e igh t  l o s s  ( B u r to n ,  1966) .  S p r o u t i n g  was i n h i b i t e d  c o m p l e t e l y  i n  

i r r a d i a t i o n  t r e a t m e n t s  b u t ,  o f  c o u r s e ,  n o t  i n  c o n t r o l s .  T h e r e f o r e  

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

d i d .

I t  seems p r o b a b l e  t h a t  t h e  i n h i b i t i o n  o f  s p r o u t i n g  by  i r r a d i a t i o n  

may e x p l a i n  t h e  w e i g h t  l o s s e s  o b s e rv e d  i n  non-wounded t u b e r s  b u t  

i t  does  n o t  e x p l a i n  why t h e  0 .1 0  kGy t r e a t m e n t  h a s  a  lower  

c u m u la t iv e  p e r c e n t a g e  w e i g h t  l o s s  t h a n  t h e  0 .15  kGy t r e a t m e n t .  T h i s  

d i f f e r e n c e  was p r o b a b l y  due t o  random v a r i a b i l i t y  be tw een  boxes  o f  

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

the  o b s e r v e d  d i r e c t i o n  i s  n o t  l i k e l y .  The d i f f e r e n c e s  found i n  

wounded p o t a t o e s ,  however ,  were most  p r o b a b ly  c a u s e d  by t h e  i n h i b i t i o n  

o f  p e r id e rm  f o r m a t i o n  by  i r r a d i a t i o n  i n  l a r g e  wounded a r e a s  l e a d i n g  t o  

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

s p r o u t i n g .

The main p o i n t  r a i s e d  by t h e  r e s u l t s  o b t a i n e d  from i r r a d i a t e d  

t r e a t m e n t s  i n  t h i s  s t u d y  i s  t h e  im p o r ta n c e  o f  c u r i n g  b e f o r e  

i r r a d i a t i o n  t h i s  i s  i n  a g re e m e n t  w i t h  t h e  f i n d i n g s  o f  M e t l i t s k y  e t  

a l .  ( 1 9 6 7 ) .  As p o t a t o e s  a r e  moved i n t o  s t o r a g e  some damage o c c u r s .  

Toge ther  w i t h  damage t o  t h e  s k i n  i n c u r r e d  d u r i n g  h a r v e s t  and 

t r a n s p o r t a t i o n  t h i s  h a n d l i n g  r e s u l t s  i n  b r e a k s  and b r u i s e s  t o  t h e  

p o t a t o  s k i n  which  i s  s i m u l a t e d  i n  t h i s  s t u d y  by d e l i b e r a t e  wounding .

I f  i r r a d i a t i o n  t r e a t m e n t  i s  c a r r i e d  o u t  b e f o r e  such wounds have had 

t ime t o  h e a l  l i t t l e  i f  any h e a l i n g  w i l l  t a k e  p l a c e  and w e ig h t  l o s s  and 

r o t t i n g  l o s s e s  w i l l  o c c u r  on t h e  s c a l e  found  i n  t h i s  s t u d y .  These  

l o s s e s  would be even  more s e r i o u s  i f  t h e r e  was a  h i g h  l e v e l  o f
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m o i s t u r e  i n  t h e  p o t a t o  s t o r e  due t o ,  f o r  example,  a wet  h a r v e s t  a s  

such c o n d i t i o n s  would f u r t h e r  a c c e l e r a t e  r o t t i n g .  The e v a p o r a t i v e  

weight  l o s s  f rom i r r a d i a t e d  non-wounded t u b e r s  was n o t ,  however ,  

g r e a t e r  t h a n  t h a t  f rom c o n t r o l s .

E f f e c t  o f  s p r o u t i n g  and r o t t i n g  on w e igh t  l o s s e s

The e f f e c t s  o f  s p r o u t i n g  and r o t t i n g  on w e ig h t  l o s s e s  have been  

d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n s  i n  r e l a t i o n  t o  t h e  e f f e c t  o f  t h e  

t r e a t m e n t s  on them. In  g e n e r a l ,  i f  s p r o u t i n g  i s  c o n t r o l l e d  by 

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

o f  s p r o u t i n g  on w e i g h t  l o s s  i s  a l s o  much g r e a t e r  i n  t h e  l a t t e r  p a r t  o f  

t h e  s t o r a g e  p e r i o d  when t h e  s u r f a c e  a r e a  o f  s p r o u t s  i s  l a r g e r .  I t  

shou ld  a l s o  be  remembered t h a t  t h e  l o s s  i n  w e ig h t  f rom p o t a t o e s  

r e p r e s e n t e d  by t h e  d r y  m a t t e r  o f  t h e  s p r o u t  i t s e l f  has  n o t  been 

c o n s i d e r e d  h e r e .

I t  h a s  a l r e a d y  been  s t a t e d  t h a t  i t  was n o t  p o s s i b l e  t o  d i r e c t l y  

d e te rm in e  t h e  m ag n i tu d e  o f  t h e  c o n t r i b u t i o n  made t o  t h e  w e ig h t  l o s t  

from p o t a t o e s  i n  t h i s  s t u d y  by i n f e c t i o n .  However t h e  l e v e l s  o f  

i n f e c t i o n  were  such i n  wounded t u b e r s  a t  t h e  end o f  t h e  s t u d y  t h a t  

l o s s e s  due  t o  r o t t i n g  must  have c o n t r i b u t e d  s i g n i f i c a n t l y .  Good 

management p r a c t i c e s  t o  r e d u c e  wounding d u r i n g  h a r v e s t i n g  and s t o r e  

h a n d l i n g  a r e  t o  be  recommended. T re a tm e n t  w i t h  f u n g i c i d e s  may a l s o  

a f f o r d  some r e d u c t i o n  i n  l o s s e s  ca u se d  i n  t h i s  way.



4 . 4 . 2  Weight  l o s s  r e g r e s s i o n s

D i s c u s s i o n  o f  t h e  c u m u l a t i v e  p e r c e n t a g e  w e ig h t  l o s s e s  i n  t h e  

p r e v i o u s  s e c t i o n  h a s  em phas i sed  t h e  complex i n t e r a c t i o n  o f  s e v e r a l  

f a c t o r s  which  l e a d  t o  t h e  w e i g h t  l o s s e s  m easu red .  These f a c t o r s ;  

s u b e r i s a t i o n ,  p e r i d e r m  f o r m a t i o n ,  s t a r c h  d e p o s i t i o n  and d r y i n g ,  

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

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

v a r i o u s  d e g r e e s  t o  t h e  r e l a t i o n s h i p s  be tw een  w e ig h t  l o s s  and  t i m e .  I t  

i s  t h e n  p e r h a p s  n o t  s u r p r i s i n g  t h a t  t h e  p l o t t e d  r e l a t i o n s h i p s  i n  

g raphs  4 .1  t o  4 . 8  a r e  n o n - l i n e a r ,  a s  each  f a c t o r  may have a  g r e a t e r  o r  

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

T a b le s  4 . 2  and 4 . 3  hcwever  i n d i c a t e  t h a t  l i n e a r i s a t i o n  i s  p o s s i b l e

f o r  sa ne  o f  t h e  w e i g h t  l o s s  -  t im e  r e l a t i o n s h i p s .  The g o o d n e s s - o f - f i t

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

group 1 p o t a t o e s  were a l l  improved by r e g r e s s i n g  t h e  n a t u r a l  l o g a r i t h m

of t h e  c u m u l a t i v e  p e r c e n t a g e  w e ig h t  l o s s e s  w i t h  t i m e ,  a s  can  be s e e n  

2 2by compar ing t h e  R and RT v a l u e s  i n  t a b l e  4 . 2 .  I n d e e d  a l l  b u t  one
J_i

2
R v a l u e  e x c e e d s  98% a f t e r  t r a n s f o r m a t i o n .  T h i s  improvement  i s  a l s o  

made t o  g roup  2 d a t a ,  t r a n s f o r m e d  by t a k i n g  i t s  s q u a r e  r o o t ,  when

r e g r e s s e d  w i t h  t im e  a s  can  be s e en  from t a b l e  4 . 3 .  I n  t h a t  c a s e ,  w i t h
2

two e x c e p t i o n s ,  a l l  R v a l u e s  e x c ee d  98%. These improvements  a r e

2
found i n  b o t h  wounded and ncn-wounded t u b e r s  o f  g r o u p s  1 and  2 and  R 

v a lu e s  o f  t h a t  m agn i tude  i n d i c a t e  s t r o n g  r e l a t i o n s h i p s  be tw een  

c um u la t iv e  p e r c e n t a g e  w e i g h t  l o s s e s  and t im e  s t o r e d .

The n a t u r e  o f  some o f  t h e  s u i t a b l e  t r a n s f o r m a t i o n s  found  f o r  g roup  

1 d a t a ,  s u g g e s t i n g  t h e  r a t e  o f  w e ig h t  l o s s  i s  g r e a t e r  l a t e r  i n  

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

From o t h e r  o b s e r v a t i o n s ,  o f  t h e  d e g r e e s  o f  s p r o u t i n g  and i n f e c t i o n  i n  

wounded t u b e r s ,  i t  would seem t h a t  t h o s e  two f a c t o r s  may have 

i n f l u e n c e d  w e ig h t  l o s s e s  s u b s t a n t i a l l y  a f t e r  p r o lo n g e d  s t o r a g e .  They 

may, i n  some t r e a t m e n t s ,  have i n t e r a c t e d  t o  p roduce  t h e  r e l a t i o n s h i p s  

fo u n d .

The r e l a t i o n s h i p s  found  be tween  t h e  s q u a r e  r o o t  o f  w e i g h t  l o s s  and 

t ime f o r  t h e  t r e a t m e n t s  i n  t h e  g roup  2 d a t a  s e t  i n d i c a t e  t h a t  t h e  r a t e  

o f  w e ig h t  l o s s  i s  g r e a t e s t  p a r t i c u l a r l y  i n  t h e  e a r l y  s t a g e s  o f  s t o r a g e  

i n  t h o s e  t r e a t m e n t s .  T h i s  e f f e c t  i s  p resum ably  due t o  t h e  more r a p i d  

weight  l o s s  t h a t  o c c u r s  b e f o r e  c u r i n g  i s  com p le ted  and t h e  p e r i d e r m  i s  

f u l l y  d e v e l o p e d .

The f a i l u r e  o f  t h e  l i n e a r i s a t i o n  t e c h n i q u e  t o  s i g n i f i c a n t l y  improve

t h e  g o o d n e s s - o f - f i t  o f  t h e  d a t a  f rom t h e  e a r l y  p a r t  o f  g roup  1

2
t r e a t m e n t s ,  a s  can  be se en  from t h e  R v a l u e s  i n  t a b l e  4 . 1 ,  do e s  n o t

mean t h a t  a  b e t t e r  r e l a t i o n s h i p  c o u ld  n o t  be  found be tw een  w e ig h t  l o s s

and t im e  f o r  t h a t  d a t a .  I t  m ere ly  e m p h a s i se s  t h a t  t h e  f o r m a t i o n  o f

pe r ide rm  i n  t u b e r s  t r e a t e d  i m m e d ia te ly  a f t e r  h a r v e s t  may be i n f l u e n c e d

by s e v e r a l  f a c t o r s  s i m u l t a n e o u s l y .  As some t r e a t m e n t s  a l s o

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

2
r e l a t i o n s h i p s  a r e  l i k e l y  t o  be d i f f i c u l t  t o  d e s c r i b e  s i m p l y .  The R 

v a lu e s  o b t a i n e d  u s i n g  s i m p l e  l i n e a r  r e g r e s s i o n ,  however ,  a r e  s t i l l  

i n d i c a t i v e  o f  a  s t r o n g  r e l a t i o n s h i p  be tween  w e ig h t  l o s s  and t i m e  and 

a r e  a l l  g r e a t e r  t h a n  94%. However,  f rom g r a p h s  4.1  and 4 . 2  i t  can  be 

seen t h a t  t h e  r e l a t i o n s h i p s  a r e  n o t  s im p ly  l i n e a r ,  some d e g r e e  o f  

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

only used  h e r e  a s  a  c o n v e n i e n t  a p p r o x i m a t i o n  t o  t h e  r e a l  

r e l a t i o n s h i p s .
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B e a r in g  i n  mind t h e  g o o d n e s s - o f - f i t  o f  t h o s e  l i n e s  t o  t h e  d a t a  i t  

i s  s t i l l  p o s s i b l e  t o  make a  t e n t a t i v e  com par i son  o f  t h e  r a t e s  o f  

weight  l o s s e s  c a l c u l a t e d .  With r e f e r e n c e  t o  t a b l e s  4 .1  and 4 . 2  i t  can 

be s e en  t h a t  i n  p o t a t o e s  t r e a t e d  b e f o r e  c u r i n g  had t a k e n  p l a c e  such a 

comparison  p r o d u c e s  b r o a d l y  s i m i l a r  r e s u l t s  t o  a  c om pa r i son  o f  t h e  

c u m u la t iv e  p e r c e n t a g e  w e i g h t  l o s s e s .  Only t h e  Chlorpropham t r e a t m e n t  

was found  t o  have a  s i g n i f i c a n t l y  d i f f e r e n t  r a t e  o f  w e ig h t  l o s s  f rom 

t h a t  o f  c o n t r o l s .  One p o i n t  o f  i n t e r e s t ,  however ,  i s  t h a t  i t  i s  on ly  

the  r a t e  o f  w e i g h t  l o s s  i n  t h e  e a r l y  p a r t  o f  s t o r a g e  t h a t  i s  

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  c o n t r o l ' s  s u g g e s t i n g  t h a t  t h e  e f f e c t  on 

weight  l o s s  o f  Ch lo rp ropham i s  most i m p o r t a n t  a s  p e r i d e rm  f o r m a t i o n  i s  

t a k i n g  p l a c e .  T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t h e  mode o f  a c t i o n  

of  Chlo rp ropham d i s c u s s e d  i n  s e c t i o n  4 . 4 . 1 .  The p l a t e a u  shaped  c u r v e s  

formed by t h e  Chlo rpropham d a t a  i n  g r a p h s  4.1  and 4 . 2  i n d i c a t e  once 

more t h a t  Chlorpropham a f f e c t s  w e igh t  l o s s  t o  a  g r e a t e r  e x t e n t  i n  t h e  

e a r l y  s t a g e  o f  s t o r a g e  when t h e  p e r i d e rm  i s  f o rm in g .

From t a b l e  4 . 3  i t  can  be s e e n  t h a t  a  s i g n i f i c a n t  d i f f e r e n c e  was 

found be tw een  t h e  s l o p e s  o f  t h e  w e ig h t  l o s s  r e l a t i o n s h i p s  o f  p o t a t o e s  

in  t h e  c o n t r o l  and t h e  i r r a d i a t i o n  c o n t r o l  t r e a t m e n t s  i n  g roup  2 .  The 

s lo p e s  o f  t h e  r e g r e s s i o n  l i n e s  were s i g n i f i c a n t l y  l e s s  s t e e p  a t  t h e  5% 

l e v e l  i n  t h e  c a s e  o f  t h e  i r r a d i a t e d  c o n t r o l  bu t  t h i s  d i f f e r e n c e  was 

on ly  found  w i t h  non-wounded p o t a t o e s .  The p o t a t o e s  i n  t h e  i r r a d i a t i o n  

c o n t r o l  were  t r a n s p o r t e d  t o  and from t h e  S .U .R .R .C .  a l o n g  w i t h  

p o t a t o e s  t o  be  i r r a d i a t e d .  A d d i t i o n a l l y ,  i r r a d i a t i o n  c o n t r o l  p o t a t o e s  

were n o t  d u s t e d  w i t h  a lu m in a ,  a s  c o n t r o l  p o t a t o e s  f o r  c a n p a r i s o n  w i t h  

c h e m i c a l ly  t r e a t e d  p o t a t o e s  w e r e .  I t  i s  n o t  p o s s i b l e  t o  d e c i d e  from 

the  i n f o r m a t i o n  a v a i l a b l e  w h e t h e r  i t  was t h e  a lu m in a  d u s t i n g  o f
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c o n t r o l  p o t a t o e s  o r  t h e  t r a n s p o r t a t i o n  o f  t h e  i r r a d i a t i o n  c o n t r o l  

p o t a t o e s  t h a t  r e s u l t e d  i n  t h e  d i f f e r e n c e  between  t h e  two t r e a t m e n t s .

The f a c t  t h a t  t h e  i r r a d i a t i o n  c o n t r o l  p o t a t o e s  l o s t  w e ig h t  more s lo w ly  

than  c o n t r o l  p o t a t o e s  and  t h a t  t h e  d i f f e r e n c e  was o n l y  found  w i t h  no n -  

wounded p o t a t o e s  i s  a l s o  d i f f i c u l t  t o  e x p l a i n .  T h i s  d i f f e r e n c e ,  

however ,  j u s t i f i e s  t h e  i n c l u s i o n  o f  t h e  i r r a d i a t i o n  c o n t r o l  and i t  i s  

w i th  t h a t  c o n t r o l  t h a t  t h e  s l o p e s  o f  t h e  r e l a t i o n s h i p s  be tween  w e i g h t  

l o s s  and t im e  o f  i r r a d i a t e d  p o t a t o e s  sho u ld  be compared.

S i g n i f i c a n t  d i f f e r e n c e s  i n  r a t e s  o f  w e ig h t  l o s s  found  i n  t a b l e  4 . 3  

from p o t a t o e s  t r e a t e d  w i t h  Chlorpropham o r  i r r a d i a t e d  a f t e r  c u r i n g  a r e  

i n  ag reem en t  w i t h  t h e  d i f f e r e n c e s  d e s c r i b e d  i n  t a b l e  4 . 5  o f  c u m u l a t i v e  

p e r c e n t a g e  w e ig h t  l o s s e s  and no r e i t e r a t i o n  o f  t h e  d i s c u s s i o n  o f  t h o s e  

r a t e s  i s  r e q u i r e d .  However , t h e  r a t e s  o f  w e i g h t  l o s s  o b t a i n e d  f o r  DMN 

and m ethano l  t r e a t e d  t u b e r s  were found  t o  be  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 rom c o n t r o l s ,  i n  c o n t r a s t  t o  t h o s e  d i f f e r e n c e s  found  i n  

t a b l e  4 . 5 .

In  t h e  c a s e  o f  g roup  2 DMN t r e a t e d  ncn-wounded t u b e r s  t h e  w e ig h t  

l o s s e s  f rom c o n t r o l  and DMN t r e a t m e n t s ,  a s  shown i n  g rap h  4 . 5 ,  o n ly  

r e a l l y  become d i f f e r e n t  a t  t h e  f i n a l  measurement  d a t e .  T h i s  

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

weight  l o s s .  T h a t  s i n g l e  p o i n t  c o u ld  n o t  a l t e r  t h e  r e g r e s s i o n  s l o p e  

by a l a r g e  enough amount  f o r  i t  t o  be s i g n i f i c a n t l y  d i f f e r e n t  i n  t h i s  

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

t a b l e  4 . 5 .  Tha t  d i f f e r e n c e  p r o b a b l y  does n o t  r e p r e s e n t  a  r e a l  e f f e c t  

of  DMN on w e i g h t  l o s s .

Weight l o s s e s  f rcm non-wounded m ethano l  t r e a t e d  t u b e r s  seem t o  

fo l l o w  t h e  p a t t e r n  d e s c r i b e d  a bove .  The i n f l u e n c e  o f  one p o i n t  on t h e
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p e r c e n t a g e  w e i g h t  l o s s  i s  n o t  r e f l e c t e d  i n  a change  i n  t h e  s l o p e  o f  

t h e  r e g r e s s i o n  l i n e .  That  d i f f e r e n c e  a l s o  p r o b a b l y  does  n o t  r e p r e s e n t  

a r e a l  e f f e c t  o f  m e thano l  on  w e igh t  l o s s .

The w e ig h t  l o s s e s  f rom wounded m ethano l  g roup  2 t u b e r s  a r e  

c o n s i s t e n t l y  h i g h e r  t h a n  c o n t r o l s  a t  a l l  p o i n t s  i n  g r a p h  4 . 6 .  The 

s lo p e  o f  t h e  t r a n s f o r m e d  r e g r e s s i o n  l i n e ,  however ,  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  f rom t h a t  o f  t h e  c o n t r o l ,  b u t  t h e  i n t e r c e p t  o f  

t h a t  l i n e  w i t h  t h e  y - a x i s  i s  much h i g h e r .  I t  may t h e r e f o r e  be 

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

happen in g  soon  a f t e r  t r e a t m e n t  and t h a t  t h e  p o t a t o  i s  a b l e  t o  r e c o v e r  

from i t  t o  s e t t l e  t o  a  s t e a d y  w e i g h t  l o s s  a f t e r w a r d s  a t  a  r a t e  s i m i l a r  

t o  t h a t  o f  c o n t r o l s .  T h i s  may i n d i c a t e  t h a t  m ethano l  t r e a t m e n t  

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

p e rm a n e n t ly .  S o l i d a y  e t  a l . (1979) i n  s t u d i e s  o f  d i f f u s i o n  from 

p o t a t o  t u b e r s  showed t h a t  t h e  waxes a s s o c i a t e d  w i t h  s u b e r i n  r a t h e r  

than  s u b e r i n  i t s e l f  were t h e  main b a r r i e r  t o  w a t e r  l o s s .  The 

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

s u r f a c e  c a u s e d  by c o n t a c t  w i t h  methano l  may e x p l a i n  t h e  p a t t e r n  o f  

w a te r  l o s s e s  found  from m e tha no l  t r e a t e d  t u b e r s .



4 . 4 . 3  I m p l i c a t i o n s  o f  w e i g h t  l o s s  r e s u l t s

The g r e a t e s t  e f f e c t s  o f  t r e a t m e n t s  on  w e ig h t  l o s s  i n  t h i s  s t u d y  

were found when t r e a t m e n t s ,  such  a s  Chlorpropham a p p l i c a t i o n  o r  

i r r a d i a t i o n ,  which  a f f e c t  wound h e a l i n g ,  were c a r r i e d  o u t  on wounded 

or  uncu red  t u b e r s .  T h i s  e m pha s i se s  t h e  im p o r t a n c e  o f  t h e  t i m i n g  o f  

a p p l i c a t i o n  o f  t h e s e  s p r o u t  i n h i b i t i o n  t e c h n i q u e s .  I t  would seem 

p ruden t  t o  u se  Tecnazene  t o  i n h i b i t  s p r o u t i n g ,  i f  n e c e s s a r y ,  

im m edia te ly  a f t e r  h a r v e s t ,  a s  i t  d i d  n o t  a d v e r s e l y  a f f e c t  s u b s e q u e n t  

weight  l o s s .  Once c u r i n g  h a s  been  co m p le te d ,  o t h e r ,  more s e v e r e  

t e c h n i q u e s  c a n  be c o n s i d e r e d  f o r  t h e  long  t e r m  s p r o u t  g r o w th  c o n t r o l  

t h a t  Tecnazene  c a n n o t  o f f e r .  I f  i r r a d i a t i o n  i s  t o  be t h e  c h o s e n  

method o f  s p r o u t  s u p p r e s s i o n  Tecnazene  a p p l i c a t i o n  may be u n n e c e s s a r y  

a s  long  a s  a  s u f f i c i e n t  c u r i n g  p e r i o d  can  be  used  and a s  long  a s  

s p r o u t i n g  does  n o t  o c c u r  t o  any s i g n i f i c a n t  d e g r e e  soon a f t e r  h a r v e s t

In  t h i s  c h a p t e r  much h a s  been s a i d  r e g a r d i n g  t h e  presumed e f f e c t s  

of  s p r o u t  s u p p r e s s i o n  t r e a t m e n t s  on p e r i d e r m  f o r m a t i o n .  I n  t h e  

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

t r e a t e d  t u b e r s ,  t o  d e t e r m i n e  what e f f e c t s  t h e  t r e a t m e n t s  have had  on  

pe r ide rm  f o r m a t i o n  by t h e  d i r e c t  measurement  o f  p e r i d e r m  p e r m e a b i l i t y



Cha p te r  5

Development and p e r m e a b i l i t y  o f  i s o l a t e d  p o t a t o  p e r i d e r m s

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

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

between t h e  a tm o s p h e re  and t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  p o t a t o  have  

been d i s c u s s e d  i n  C h a p t e r  4 .  The e x p o s u re  o f  t h e  p o t a t o  s u r f a c e  t o  

some a g r i c u l t u r a l  c h e m i c a l s  o r  r a d i a t i o n  p r i o r  t o  deve lopm ent  h a s  been  

shown t o  a f f e c t  t h e  c o u r s e  o f  t h e  deve lopment  o f  t h e  p e r i d e r m  ( I s l e i b ,  

1957; Audia e t  a l . , 1962; M e t l i t s k y  e t  a l . , 1967; McGee, 1984; Thomas, 

1982; Leonard  e t  a l . , 1986) weakening  i t s  e f f e c t i v e n e s s  a s  a b a r r i e r  

t o  f u n g a l ,  and b a c t e r i a l  i n f e c t i o n .

In  C h a p t e r  4 some e f f e c t s  o f  i r r a d i a t i o n  and some p o t a t o  s p r o u t  

s u p p r e s s a n t  c h e m i c a l s  on p o t a t o e s  were measured i n d i r e c t l y  by 

compar ing  t h e  r a t e s  o f  w a t e r  l o s s  f rom t r e a t e d  and u n t r e a t e d  t u b e r s .  

However, f a c t o r s  such  a s  t h e  d e g re e  o f  s p r o u t i n g  and p a th o g e n i c  

i n f e c t i o n  were found  t o  c o n t r i b u t e  t o  t h e  l e v e l  o f  w a t e r  l o s s  

d e t e r m i n e d .  T h e r e f o r e  t o  more d i r e c t l y  measure  t h e  e f f e c t  o f  t h e  

ch em ica l  and  i r r a d i a t i o n  t r e a t m e n t s  p e r i d e rm s  from t r e a t e d  p o t a t o e s  

were e n z y m i c a l l y  i s o l a t e d  and t h e i r  w a t e r  p e r m e a b i l i t i e s  m ea su red .

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

e f f i c i e n c y  o f  t h e  p e r i d e r m  o f  t r e a t e d  t u b e r s  ca u se d  by c h e m ic a l  o r  

i r r a d i a t i o n  t r e a t m e n t  c o u ld  be due t o  e i t h e r  t h e  i n h i b i t i o n  o f  

p e r id e rm  deve lo pm en t  o r  t h e  d i s r u p t i o n  o f  t h e  s t r u c t u r e  o f  c o m p l e t e l y  

deve loped  p e r i d e r m s .  I n  e i t h e r  c a s e  t h e  e f f e c t  o f  t r e a t m e n t  on t h e  

p e r ide rm  can  be i n v e s t i g a t e d  by m ea s u r in g  t h e  p e r m e a b i l i t y  o f  t h e  

p e r id e rm  a s  i t  d e v e l o p s ,  a s  f u l l y  d e ve lope d  p e r i d e r m  w i l l  b e  l e s s  

permeab le  t h a n  p e r i d e r m  whose deve lopmen t  h a s  been  i n h i b i t e d  by

182



t r e a t m e n t .

P e r id e r m s  used  i n  t h i s  s t u d y  were i s o l a t e d  from p o t a t o  t u b e r s  and 

t h e i r  p e r m e a b i l i t i e s  measured u s i n g  t e c h n i q u e s  o r i g i n a l l y  d e v e lo p e d  

f o r  t h e  s t u d y  o f  p l a n t  c u t i c l e s .  C u t i c l e s  have been  p r e p a r e d  from a 

number o f  p l a n t  s p e c i e s  u s i n g  enzymic i s o l a t i o n  t e c h n i q u e s  (Haas and 

S c h o n h e r r ,  1979; S c h o n h e r r  and Schmid t ,  1979; S c h o n h e r r  and Z i e g l e r ,  

1980; L e n d z ia n ,  1982; R e i d e r e r  and S c h o n h e r r ,  1986; S c h o n h e r r  and 

R e i d e r e r ,  1988) .  Us ing  s i m i l a r  t e c h n i q u e s  Schmidt  and S c h o n h e r r  

(1982) i s o l a t e d  t h e  p e r i d e rm s  o f  p o t a t o  t u b e r s  and i n v e s t i g a t e d  t h e i r  

s t r u c t u r e .

The p e r m e a b i l i t i e s  o f  c u t i c l e s  i s o l a t e d  i n  t h e  above  s t u d i e s  were  

measured u s i n g  t h e  d i f f u s i o n  o f  t r i t i a t e d  w a t e r  t h r o u g h  i s o l a t e d  

c u t i c l e s  a s  t h e  means o f  d e t e r m i n i n g  p e r m e a b i l i t y  c o e f f i c i e n t s .  Vogt 

e t  a l . (1983) i s o l a t e d  p o t a t o  p e r i d e r m s  and measured  t h e i r  w a t e r  

p e r m e a b i l i t y  by t h e  same t e c h n i q u e .  S c honhe r r  and L e ndz ia n  (1981) 

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

i s o l a t e d  from s e v e r a l  p l a n t  s p e c i e s  based  on  m e a s u r in g  t h e  r a t e  o f  

w a te r  l o s s  t h r o u g h  i s o l a t e d  c u t i c l e s  g r a v i m e t r i c a l l y .

I t  was t h o u g h t  t h a t  i f  t h e  method o f  S c h o n h e r r  and L e n d z ia n  (1981) 

co u ld  b e  a p p l i e d  t o  t h e  measurement  o f  t h e  p e r m e a b i l i t i e s  o f  i s o l a t e d  

p o t a t o  p e r i d e r m s ,  t h e  deve lopm ent  o f  t h e  p e r i d e r m ,  i t s  r e s i s t a n c e  t o  

w a te r  l o s s  and t h e  e f f e c t  o f  c he m ica l  and i r r a d i a t i o n  t r e a t m e n t s  on 

deve lopment  c o u ld  be  i n v e s t i g a t e d .  The g r a v i m e t r i c  method o f  

Sch o n h e r r  and L e ndz ia n  (1981) was p r e f e r r e d  t o  t h e  r a d i o a c t i v e  t r a c e r  

t e c h n i q u e  u s e d  i n  o t h e r  s t u d i e s  a s  i t  was more s u i t a b l e  f o r  c a r r y i n g  

ou t  t h e  l a r g e  number o f  p e r m e a b i l i t y  measurements  r e q u i r e d  i n  t h i s  

s t u d y .  A d d i t i o n a l l y ,  t h e  u s e  o f  t r i t i a t e d  w a t e r  would have r e q u i r e d
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t h e  u se  o f  s p e c i a l  f a c i l i t i e s .

The a v e r a g e  w e i g h t s  o f  t h e  p e r i d e rm s  i s o l a t e d  from u n t r e a t e d  

p o t a t o e s  were a l s o  measured i n  o r d e r  t o  i n v e s t i g a t e  t h e  deve lopment  o f  

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

5 .2  I s o l a t i o n  o f  p e r id e rm s

As was d e s c r i b e d  i n  s e c t i o n  5.1  t h e  method used  f o r  t h e  i s o l a t i o n  

o f  p e r i d e r m s  i n  t h i s  s t u d y  was an a d a p t a t i o n  o f  t h e  methods used  by 

Sc honhe r r  (1 9 7 6 ) ,  Haas and S c h o n h e r r  ( 1 9 7 9 ) ,  S c honhe r r  and L e ndz ia n  

(1981) and Vogt e t  a l .  ( 1 983 ) .  P e r id e r m s  were  i s o l a t e d  from cv .

Record p o t a t o e s  u s e d  i n  t h e  s tu d y  o f  w a t e r  l o s s  f rom s t o r e d  p o t a t o e s  

d e s c r i b e d  i n  C h a p t e r  A. For  a d e s c r i p t i o n  o f  t h e  e x p e r i m e n t a l  d e s i g n  

o f  t h a t  w a t e r  l o s s  s t u d y  r e f e r e n c e  shou ld  be  made t o  s e c t i o n  4 . 2  o f  

t h a t  c h a p t e r ,  and a l s o  t o  d iag ram  4 . 1 .  The w a t e r  l o s s  s t u d y  c a r r i e d  

ou t  i n  C h a p t e r  4 i n v o lv e d  t h e  s t o r a g e  o f  two g r oups  o f  p o t a t o e s  a t  8°C 

f o r  182 d a y s .  Dur ing  t h a t  s t o r a g e  p e r i o d  s am p les  f o r  p e r i d e r m  

i s o l a t i o n  were removed from r e p l i c a t e  boxes  o f  each  t r e a t m e n t  i n c l u d e d  

i n  t h e  s t u d y  s e t  a s i d e  f o r  t h a t  p u r p o s e .

Three  t u b e r s  were randomly  sampled from a box w i t h i n  e ach  

t r e a t m e n t ;  one o f  a v e r a g e  s i z e ,  one l a r g e r  and one s m a l l e r  t h a n  

a v e ra g e  s i z e .  Samples were t a k e n  f o r  i s o l a t i o n  3 ,  6 ,  9 ,  13, 20 ,  34 ,  

65,  122 and 178 days  a f t e r  h a r v e s t  f rom group 1 p o t a t o e s  and a f t e r  19, 

38,  67,  123 and 176 days  a f t e r  h a r v e s t  f rom group  2 p o t a t o e s .  Sampled 

p o t a t o e s  were washed c a r e f u l l y  by hand b e f o r e  s e v e r a l  c o r e s  o f  17 mm 

and 22 mm i n  d i a m e t e r  were t a k e n  from ea ch  p o t a t o .  A l though  i n  

p r e v i o u s  i s o l a t i o n  s t u d i e s  c o n c e r n i n g  c u t i c l e s  c a r e  was t a k e n  t o  a v o id  

a r e a s  o f  t h e  l e a f  c o n t a i n i n g  s t o m a t a ,  when t a k i n g  c o r e s  f o r  t h i s
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s tu d y  i t  was n o t  p o s s i b l e  t o  a v o id  t h e  i n c l u s i o n  o f  l e n t i c e l s  -  which 

can be r e g a r d e d  a s  e q u i v a l e n t  s t r u c t u r e s  i n  p o t a t o  p e r i d e r m s  -  i n  t h e  

c o re  a r e a  a s  t h e y  were p r e s e n t  ove r  a l l  o f  t h e  s u r f a c e  o f  t h e  

p o t a t o e s .  Most o f  t h e  f l e s h  below t h e  s k i n  o f  t h e  c o r e s  was removed 

w i th  a  s h a r p  k n i f e  t a k i n g  c a r e  t o  l e a v e  a  l a y e r  o f  2 -  3 mm o f  f l e s h  

a t t a c h e d  t o  t h e  s k i n .  The c o r e s  f rom each  t u b e r  were p l a c e d  i n  a 

s u s p e n s i o n  o f  0.1% c e l l u l a s e  (Sigma,  U .S .A .)  and 2% p e c t i n a s e  ( ICN
3

B i o m e d i c a l s ,  U.S.A) b u f f e r e d  a t  pH 3 . 8  i n  a 150 cm c o n i c a l  f l a s k .

The b u f f e r  used was 0 . 2  M sodium a c e t a t e / 0 . 2  M a c e t i c  a c i d  (May and 

Bake r ,  U . K . ) .  The f l a s k s  were s t o r e d  a t  25°C f o r  14 days  f o r  t h e  

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

p l a c e .

At t h e  end o f  t h e  i s o l a t i o n  p e r i o d  t h e  c o r e s  were removed from t h e  

f l a s k s  and p l a c e d  on a 100 mesh s t a i n l e s s  s t e e l  s i e v e .  D i s t i l l e d  

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

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

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

Whatman N o . 1 f i l t e r  p a p e r s  (Whatman, U.K.) and a i r  d r i e d  a t  room 

t e m p e r a t u r e .  Once d r y  t h e  p e r i d e r m s  were s t o r e d  i n  t h i s  form be tw een  

l a y e r s  o f  t i s s u e  pa pe r  u n t i l  r e q u i r e d  f o r  p e r m e a b i l i t y  m easurem ents  a t  

which t im e  t h e y  were  r e c o n s t i t u t e d  by t h e  method d e s c r i b e d  i n  s e c t i o n  

5 . 4 . 2 .
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5 .3  Weights  o f  p e r i d e r m s

In  o r d e r  t o  f o l l o w  t h e  development  o f  p e r i d e rm s  i n  c o n t r o l  p o t a t o e s  

i t  was d e c id e d  t o  m easure  t h e  a v e r a g e  w e i g h t s  o f  i s o l a t e d  p e r i d e r m s ,  

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

E x p e r im e n ta l  method and r e s u l t s

Air  d r i e d  p e r i d e r m s  i s o l a t e d  a s  d e s c r i b e d  i n  s e c t i o n  5 . 2  from group  

1 c o n t r o l  t u b e r s  3 , 6 ,  9 ,  13, 20,  34,  65 ,  122 and 178 days  a f t e r  

h a r v e s t  were  weighed  t o  an  a c c u r a c y  o f  +_ 0 .0005 g u s i n g  an O e r t l i n g  LA 

164 e l e c t r o n i c  b a l a n c e .  Group 1 p b t a t o e s  were chosen  f o r  t h i s  s t u d y  

as  p e r i d e r m s  were  i s o l a t e d  from a l a r g e r  number o f  s a m p l in g  d a t e s  i n  

group 1 t h a n  i n  g roup  2.  F iv e  p e r i d e rm s  i s o l a t e d  from each  o f  t h e  

t h r e e  t u b e r s  on e a ch  sa m p l in g  d a t e  were weighed and t h e  o v e r a l l  mean 

pe r ide rm  w e ig h t  a t  each  i s o l a t i o n  d a t e  c a l c u l a t e d .  The mean p e r i d e r m  

weight  on e ach  sample d a t e  was p l o t t e d  a g a i n s t  s t o r a g e  t im e  i n  g r a p h

5.1 ( p o t a t o e s  i n  g roup  1 were s t o r e d  f o r  19 days  a t  25°C and 

s u b s e q u e n t l y  f o r  t h e  r e m a in d e r  o f  t h e  s a m p l in g  p e r i o d  a t  8 °C) .
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D i s c u s s i o n

From g r a p h  5.1  i t  can  be s e e n  t h a t  i n  t h e  i n i t i a l  20 days  o f  

s t o r a g e  t h e  mean w e ig h t  o f  p e r id e rm  i s o l a t e d  from a g i v e n  p o t a t o  

s u r f a c e  a r e a  i n c r e a s e s  r a p i d l y .  As s t o r a g e  c o n t i n u e s  t h e  r a t e  o f  

i n c r e a s e  i n  w e ig h t  d i m i n i s h e s .

Th is  p a t t e r n  i s  i n  agreement  w i t h  t h e  g e n e r a l l y  a c c e p t e d  

u n d e r s t a n d i n g  o f  how p o t a t o  p e r id e rm  d e v e lo p s  d u r i n g  s t o r a g e  a f t e r  

h a r v e s t .  I t  would be e x p e c t e d  t h a t  i n  t h e  im m edia te  p e r i o d  a f t e r  

h a r v e s t ,  a s  c u r i n g  t a k e s  p l a c e ,  a  r a p i d  deve lopm ent  o f  t h e  p e r id e rm  

o c c u r s ,  marked i n i t i a l l y  by s u b e r i s a t i o n  and  f o l lo w e d  by  c e l l  

d i v i s i o n  and programmed p e r i d e rm  c e l l  d e a t h .  As s t o r a g e  c o n t i n u e s  

some f u r t h e r  deve lopm ent  would t a k e  p l a c e ,  a l t h o u g h  more s l o w l y .

I t  s h o u l d ,  however ,  be n o t e d  t h a t  i n  t h e  i n i t i a l  19 day p e r i o d  o f  

s t o r a g e  t h e  s t o r a g e  t e m p e r a t u r e  was 25°C w h i l e  d u r i n g  t h e  r e m a in d e r  o f  

t h e  s t o r a g e  p e r i o d  t h e  t e m p e r a t u r e  was 8°C. T h i s  may a c c o u n t  f o r  some 

p a r t  o f  t h e  more r a p i d  p e r id e rm  w e igh t  a c c u m u la t io n  o b s e r v e d  i n  t h e  

i n i t i a l  s t o r a g e  p e r i o d  bu t  s i n c e  a  h i g h e r  s t o r a g e  t e m p e r a t u r e  would be 

used f o r  c u r i n g  i n  common s t o r a g e  p r a c t i c e  t h e  w e igh t  a c c u m u l a t i o n s  

found i n  t h i s  s t u d y  may mimic t h e  r e a l  deve lopm ent  found d u r i n g  p o t a t o  

s t o r a g e .
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5.4  P e r id e r m  p e r m e a b i l i t y

5 .4 .1  C a l c u l a t i o n  o f  p e r i d e r m  p e r m e a b i l i t i e s

The p e r m e a b i l i t i e s  o f  i s o l a t e d  p e r i d e r m s  were measured  u s i n g  t h e  

method d e s c r i b e d  by S c h o n h e r r  and Lendz ian  (1981) f o r  t h e  measurement  

of  c u t i c l e  p e r m e a b i l i t i e s .  I s o l a t e d  p e r i d e rm s  were mounted on p e r s p e x  

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

p e r id e rm  i n t o  a  s e a l e d  chamber m a i n t a i n e d  a t  0% r e l a t i v e  h u m i d i t y .

The r a t e  o f  t r a n s p i r a t i o n  t h r o u g h  t h e  p e r i d e r m  was d e t e r m i n e d  by 

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

P e r m e a b i l i t i e s  were t h e n  c a l c u l a t e d  by t h e  method o f  S c h o n h e r r  and 

Lendzian  (1981)  o f  which  t h e  f o l l o w i n g  d i s c u s s i o n  i s  a  summary.

The t r a n s p i r a t i o n a l  f l u x  th ro u g h  a  p e r i d e r m  J ^ ,  measured a s  t h e  

r a t e  o f  w a t e r  l o s s  f rom t h e  c e l l ,  can be  c a l c u l a t e d  from e q u a t i o n  5 . 1 .

J,  -  J
j  = t  cp --------------

A X d ( e q u a t i o n  5 .1 )
P

where J .̂ i s  t h e  t o t a l  t r a n s p i r a t i o n a l  f l u x  (kg s  ) ,  A i s  t h e
2

c r o s s - s e c t i o n a l  a r e a  o f  c e l l  s e a l e d  by t h e  p e r i d e rm  (m ) and  d i s  t h e
_3

d e n s i t y  o f  w a t e r  (kg m ) .

As t h e  p e r s p e x  chambers  have a  s m a l l  p e r m e a b i l i t y  t h e
_ 1

t r a n s p i r a t i o n a l  f l u x  th ro u g h  t h e  c e l l  p e r s p e x  ( J  (kg s  )) must  be

s u b t r a c t e d  from . J  was d e te r m in e d  by m ounting  impermeable  
t  c

aluminium f o i l  on c e l l s  and m ea su r ing  t h e  w e i g h t  l o s s e s  f rom t h e s e  

s e a l e d  c e l l s .  That  p r o c e d u r e  i s  d e s c r i b e d  i n  s e c t i o n  5 . 4 . 4 .
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The t o t a l  p e r m e a b i l i t y  c o e f f i c i e n t  P can be c a l c u l a t e d  from 

e q u a t i o n  5 . 2 .

a

( e q u a t i o n  5 .2 )

where a. i s  t h e  g r a d i e n t  o f  w a t e r  a c t i v i t y  f rom t h e  s u r f a c e  o f  t h e  

w a te r  i n s i d e  t h e  c e l l  t o  t h e  s i l i c a  g e l  d e s i c c a n t  used  t o  m a i n t a i n  t h e  

a tm osphe re  o f  t h e  s e a l e d  chamber a t  0% r e l a t i v e  h u m i d i t y .  At t h e  

s u r f a c e  o f  t h e  w a t e r  w i t h i n  t h e  c e l l  i n  c o n t a c t  w i t h  t h e  i n n e r  s u r f a c e  

o f  t h e  p e r i d e r m  t h e  w a t e r  a c t i v i t y  = 1, w h i l e  a t  t h e  s u r f a c e  o f  t h e  

s i l i c a  g e l  t h e  w a t e r  a c t i v i t y  = 0.  T h e r e f o r e  i n  t h i s  c a s e  a  = 1.

The p a th  l e n g t h  f o r  t h e  movement o f  w a t e r  f rom t h e  p e r i d e r m  s u r f a c e  

t o  t h e  s i l i c a  g e l  i s  a  f i n i t e  d i s t a n c e .  As t h e  a i r  i n s i d e  t h e  chamber 

i s  l a r g e l y  s t a t i c  i t  t a k e s  a f i n i t e  t im e  f o r  w a t e r  t o  d i f f u s e  from t h e  

pe r id e rm  s u r f a c e  i n t o  t h e  body o f  a i r  w i t h i n  t h e  chamber a t  0% 

r e l a t i v e  h u m i d i t y .  T h i s  e f f e c t ,  t e rm ed  t h e  u n s t i r r e d  l a y e r  e f f e c t  by 

Schonherr  and L e n d z ia n  ( 1 9 8 1 ) ,  s low s  d i f f u s i o n  from t h e  c e l l  and 

t h e r e f o r e  makes a  c o n t r i b u t i o n  t o  a s  measured by t h e  r a t e  o f  w a t e r  

l o s s .
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The t r a n s p i r a t i o n a l  f l u x  from c e l l s  w i t h o u t  p e r i d e r m s  mounted on 

them ( J ° )  ca n  be  d e te r m in e d  from t h e  f o l l o w i n g  e q u a t i o n s .

A X d 
P

( e q u a t i o n  5 .3 )

a

( e q u a t i o n  5 .4 )

S in c e  t h e  p e r i d e r m  and  t h e  p a t h  from t h e  p e r i d e r m  s u r f a c e  t o  t h e

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

p e r m e a b i l i t y  (P ) c a n  be  c a l c u l a t e d  from e q u a t i o n  5 . 5 .
P

1 1 1

P P. P°
P t

( e q u a t i o n  5 .5 )

5 . 4 . 2  R e c o n s t i t u t i o n  o f  p e r id e rm s

P e r id e r m s  i s o l a t e d ,  d r i e d  and s t o r e d  by t h e  methods d e s c r i b e d  i n  

s e c t i o n  5 . 2  were r e c o n s t i t u t e d  b e f o r e  p e r m e a b i l i t y  m easurements  were 

made i n  t h e  f o l l o w i n g  way.  P e r ide rm s  i s o l a t e d  from e a c h  t u b e r  f rom
3

each t r e a t m e n t  on e a ch  d a t e  were p l a c e d  i n  s e p a r a t e  150 cm c o n i c a l  

f l a s k s  i n  b u f f e r  a t  pH 6 f o r  24 h o u r s .  The b u f f e r  used  was t h a t  

d e s c r i b e d  by Vogt e t  a l . (1983)  and c o n s i s t e d  o f  0 .01 M CaCl2 (B .D .H . ,  

U.K.) and 0 .01  2 - [N -m o rp h o l in o ]  e t h a n e s u l p h o n i c  a c i d  (MES) (Sigma,  

U.S .A.)  w i t h  t h e  a d d i t i o n  o f  NaN^ (B.D.H . ,  U.K.)  t o  t h e  c o n c e n t r a t i o n
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of  1 mM t o  i n h i b i t  t h e  growth  o f  m ic roo rgan ism s  i n  t h e  medium.

5 . 4 . 3  D e t e r m i n a t i o n  o f  J  o f  u n s e a l e d  c e l l s

As was d i s c u s s e d  i n  s e c t i o n  5 . 4 . 1  w a t e r  w i t h i n  c e l l s  must  d i f f u s e  a 

f i n i t e  d i s t a n c e  from t h e  s u r f a c e  o f  t h e  l i q u i d  i n s i d e  t h e  c e l l  i n t o  

d e s i c c a t e d  a i r .  T h e r e f o r e  when m ea su r ing  t h e  p e r m e a b i l i t y  o f  

p e r ide rm s  such  d i f f u s i o n  must be  c o r r e c t e d  f o r  by c a l c u l a t i n g  P ° .  In  

o r d e r  t o  c a l c u l a t e  P° t h e  t r a n s p i r a t i o n a l  f l u x  from u n s e a l e d  c e l l s  J °  

was m easured  i n  t h e  f o l l o w i n g  e x p e r i m e n t .

E x p e r im en ta l

In  t h e  d e t e r m i n a t i o n  o f  J °  and i n  t h e  s u b s e q u e n t  measurement  o f  

pe r id e rm  p e r m e a b i l i t i e s  a  s i m i l a r  e x p e r i m e n t a l  p r o c e d u r e  was u s e d .

Each c e l l  was c o n s t r u c t e d  by d r i l l i n g  a  w e l l  10 mm deep and d i a m e t e r  

10 mm i n t o  a  c y l i n d e r  o f  p e r s p e x  25 mm i n  d i a m e t e r  and 15 mm i n  

h e i g h t .  P e r id e r m s  were mounted on a r u b b e r  0 - r i n g  s i t u a t e d  i n  a 

groove  on t h e  u p p e r  s u r f a c e  o f  t h e  c e l l  and below a p e r s p e x  r i n g  which 

was s e c u r e d  t i g h t l y  by t h r e e  sc rew s  sunk i n t o  t h e  c i r c u m f e r e n c e  o f  t h e  

c e l l .  When s e a l e d  i n  t h i s  way w a t e r  c o u ld  on ly  e s c a p e  th r o u g h  t h e

pe r id e rm  o r  t h r o u g h  t h e  w a l l s  o f  t h e  c e l l .

A 2 cm deep l a y e r  o f  r e g e n e r a t e d  s i l i c a  g e l  was p l a c e d  below a

m eta l  g r i l l  a t  t h e  bo t to m  o f  a  p o l y t h e n e  box o f  d im e n s io n s  205 mm X

235 mm X 70 mm. C e l l s  were p l a c e d  on t h e  g r i l l  above Whatman No.1 

f i l t e r  p a p e r s  (Whatman, U .K . ) ,  a  h a i r  h y g ro m e te r  ( F i s c h e r ,  G.D .R. )  was 

p l ac e d  b e s i d e  t h e  c e l l s  t o  m o n i to r  t h e  r e l a t i v e  h u m i d i t y  w i t h i n  t h e  

box and t h e  box was s e a l e d  a i r t i g h t .

For  t h e  measurement  o f  J ° ,  0 . 5  cm o f  d i s t i l l e d  w a t e r  was p i p e t t e d
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i n t o  t h e  w e l l  o f  each  o f  20 c e l l s  u s in g  a 1 cm a d j u s t a b l e  G i l so n

Pipetm an p i p e t t e  ( G i l s o n ,  F r a n c e ) .  C i r c l e s  o f  a lum inium  f o i l  were

mounted on 10 o f  t h e  c e l l s  and t h e s e  c e l l s  were u sed  t o  d e te rm in e  J  .c

The c e l l s  were p l a c e d  i n  t h e  box t o g e t h e r  w i th  a  h a i r  h y g ro m e te r  

( F i s c h e r ,  G .D .R .)  and th e  box was s e a l e d  and t r a n s f e r r e d  t o  a  c o n s t a n t  

t e m p e ra tu re  room m a in ta in e d  a t  25°C _+ 1°C. The w e ig h t  o f  e a c h  c e l l  

was m easured  p e r i o d i c a l l y  t o  an a c c u r a c y  o f  + 0 .0 0 0 5  g u s in g  an 

O e r t l i n g  LA 164 e l e c t r o n i c  b a la n c e .  M easurem ents w ere  made a t  90 

m inu te  i n t e r v a l s  s e v en  t im e s  i n c l u d in g  t h e  i n i t i a l  m easu rem en t.  The 

r e l a t i v e  h u m id i ty  i n s i d e  t h e  box a t  each  measurem ent was a l s o  n o t e d .

R e s u l t s  and c a l c u l a t i o n

The r e l a t i v e  h u m id i ty  w i t h in  t h e  box rem ained  a t  0% th ro u g h o u t  t h e  

e x p e r im e n t .  The c u m u la t iv e  w e ig h t  l o s t  from  each  c e l l  by t h e  end  o f  

each  s t o r a g e  i n t e r v a l  was c a l c u l a t e d .  The mean c u m u la t iv e  w e ig h t  l o s t  

from th e  10 open c e l l s  by t h e  end o f  each  s t o r a g e  i n t e r v a l  was 

c a l c u l a t e d .  The w e ig h t  l o s s e s  m easured from  t h e  c e l l s  w i th  f o i l  s e a l s  

over  t h e  d u r a t i o n  o f  th e  ex p e r im e n t  were w i t h in  t h e  e x p e r im e n ta l  e r r o r  

o f  t h e  w e ig h t  m easu rem en ts  and t h e r e f o r e  i n  t h i s  c a s e  J c was assumed 

to  be z e r o .  The mean c u m u la t iv e  w e ig h t  l o s s e s  from t h e  open c e l l s  

were p l o t t e d  a g a i n s t  t h e  t im e  e la p s e d  i n  g rap h  5 .2 .
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The w e ig h t  l o s t  from open c e l l s  was r e g r e s s e d  w i th  t im e  e l a p s e d ,

th e  g r a d i e n t  o f  t h e  r e g r e s s i o n  l i n e  r e p r e s e n t s  J ° ^  in  e q u a t i o n  5 .3 .

For t h e  c e l l s  d e s c r i b e d ,  o f  d ia m e te r  10 mm, th e  c r o s s  s e c t i o n a l  a r e a

-5  2 owas c a l c u l a t e d  t o  be 7 .8 5  X 10 m and a t  25 C t h e  d e n s i t y  o f  w a te r
_3

i s  997 .048  kg m ( Weast and A s t l e ,  1979). U sing  e q u a t i o n  5 .3  t h e  

v a lu e  o f  J ° ,  and hence  P ° ,  was c a l c u l a t e d  t o  be 4 .7 9  X 10- ^ kg s ” \

5 .4 .4  M easurement o f  p e r m e a b i l i t i e s

In  o r d e r  t o  d e te r m in e  w h e th e r  t r e a tm e n t  had any e f f e c t  on  p e r id e rm  

p e r m e a b i l i t y  t h e  f o l l o w in g  ex p e r im e n t  was p e rfo rm e d .  P e r id e rm s  

i s o l a t e d  a t  t h e  b e g in n in g  o f  t h e  s t o r a g e  p e r io d  (19 d a y s  a f t e r  

h a r v e s t )  and to w a rd s  t h e  end o f  s t o r a g e  (123 days a f t e r  h a r v e s t )  were 

s e l e c t e d  t o  r e p r e s e n t  t h e  e a r l y  and l a t e r  s t a g e s  o f  p e r id e rm  

d e v e lopm en t.  The w e ig h t  l o s s e s  from p e r id e rm s  i s o l a t e d  from  p o t a t o e s  

t r e a t e d  w i th  T ecnazene , Chlorpropham  and i r r a d i a t e d  a t  d o s e s  o f  0 .1 0  

kGy and 0 .1 5  kGy t o g e t h e r  w i th  c o n t r o l  and f o i l  s e a l e d  c e l l s  were 

m easured u s in g  t h e  p ro c e d u re  d e s c r i b e d  i n  s e c t i o n  5 . 4 . 3  w i t h  t h e  

f o l l o w in g  m o d i f i c a t i o n s .

5 p e r id e rm s  i s o l a t e d  from  3 t u b e r s  sam pled from  each  t r e a tm e n t  on 

each  sam ple  d a t e  were r e c o n s t i t u t e d  a s  d e s c r i b e d  i n  s e c t i o n  5 . 4 . 2 .
3

R e c o n s t i t u t e d  p e r id e rm s  w ere  mounted on th e  c e l l s  c o n t a i n i n g  0 .5  cm

o f  w a te r  and t o g e t h e r  w i th  5 c e l l s  s e a l e d  w i th  a lum inium  f o i l  were

m easured by t h e  method d e s c r i b e d  i n  s e c t i o n  5 . 4 . 3 .  Due t o  t h e  l a r g e

number o f  p e r id e rm s  t o  be m easured  i t  was n e c e s s a r y  t o  d i v i d e  them

between two i d e n t i c a l  b o x e s .  Each box c o n ta in e d  a s e t  o f  c e l l s

mounted w i th  p e r id e rm s  from each  o f  t h e  5 t r e a t m e n t s  i s o l a t e d  on  one

o f  t h e  two d a t e s  t o  be m easured  p l u s  a  s e t  o f  5 f o i l  s e a l e d  c e l l s  f o r

th e  c a l c u l a t i o n  o f  J  . As w a te r  was l o s t  much more s lo w ly  from  t h e s e
c
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c e l l s  t h a n  from open c e l l s ,  m easurem ents  o f  w e ig h t  l o s s  and r e l a t i v e  

h u m id i ty  were made a t  24 hour i n t e r v a l s .  The c e l l s  were random ly 

p la c e d  i n  t h e  boxes above Whatman No.1 f i l t e r  p a p e r s  (Whatman, U .K.) 

w i th  t h e  p e r id e rm  s u r f a c e s  f a c i n g  t h e  s i l i c a  g e l .  The boxes were 

s to r e d  u n d e r  t h e  c o n d i t i o n s  d e s c r ib e d  i n  s e c t i o n  5 . 4 . 3  and c e l l s  were 

weighed a t  24 h o u r  i n t e r v a l s  7 t im e s .

R e s u l t s  and c a l c u l a t i o n

The r e l a t i v e  h u m id i ty  w i t h in  t h e  boxes rem ained  a t  0% +_ 2% 

th ro u g h o u t  t h e  e x p e r im e n t .  As some w a te r  was p r e s e n t  on th e  o u t s i d e  

s u r f a c e s  o f  t h e  newly mounted p e r id e rm s  th e  w e ig h t  l o s s e s  m easured  

a f t e r  t h e  f i r s t  24 hour p e r io d  o f  t h e  e x p e r im e n t  were d i s c a r d e d  a s  

th e y  were th o u g h t  t o  be u n r e p r e s e n t a t i v e  o f  t h e  r a t e  o f  w a te r  l o s s  

th ro u g h  t h e  p e r id e r m s .  D a i ly  c u m u la t iv e  w e ig h t  l o s s e s  from th e  

b e g in n in g  o f  t h e  second  24 hour p e r io d  u n t i l  t h e  end o f  t h e  e x p e r im e n t  

were c a l c u l a t e d  f o r  each  c e l l .

E x a m in a t io n  o f  t h e  w e ig h t  l o s s e s  from  i n d i v i d u a l  c e l l s  r e v e a l e d  

t h a t  some c e l l s  l o s t  w e ig h t  a t  a  much g r e a t e r  r a t e  th a n  o t h e r s .  The 

g r e a t e r  r a t e  o f  w e ig h t  l o s s  was i n  some c a s e s  a s  much a s  10 t im e s  t h e  

r a t e  o f  w e ig h t  l o s s  from  o t h e r  c e l l s  mounted w i th  p e r id e rm s  from  th e  

same t r e a t m e n t .  Extrem e c u t i c l e  p e r m e a b i l i t y  m easu rem en ts  were 

o b se rv e d  by S c h o n h e rr  and R i e d e r e r  (1989) who c o n c lu d e d  t h a t  such  

v a lu e s  were due t o  c e l l s  l e a k i n g  r a t h e r  t h a n  due  t o  t h e  l o s s  o f  w a te r  

by d i f f u s i o n  th ro u g h  th e  p e r id e rm s .  Leakage o c c u rs  when p e r id e rm s  a r e  

im p ro p e r ly  mounted on c e l l s  o r  damaged p r i o r  t o  o r  i n  t h e  p r o c e s s  o f  

m oun ting . Such damaged p e r id e rm s  w ere  a l s o  i d e n t i f i e d  by Geyer and 

S ch o n h e rr  (1990) who w ere  a b l e  t o  d ia g n o s e  such  damage by p l o t t i n g  

w eigh t l o s s e s  from  c e l l s  a g a i n s t  t im e .  Large  d e v i a t i o n s  from  a l i n e a r
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r e l a t i o n s h i p  be tw een  w e ig h t  l o s s  and t im e  i n d i c a t e d  damage t o  p e r id e rm  

d i s c s .  Both S c h o n h e rr  and R ie d e re r  ( 1989) and Geyer and S c h o n h e rr  

(1990) a rg u e d  t h a t  such  o u t l y i n g  m easurem ents c o u ld  be e x c lu d e d  from  

p e r m e a b i l i t y  c a l c u l a t i o n s .

A f t e r  t h e  rem oval o f  t h e  d a t a  from l e a k i n g  c e l l s  t h e  c u m u la t iv e

w eigh t  l o s s e s  from  each  c e l l  were r e g r e s s e d  w i th  t im e  e l a p s e d .  The

s lo p e  o f  t h e  r e g r e s s i o n  l i n e  f o r  each  c e l l  r e p r e s e n t s  J  f o r  t h e
\/

2
p e r id e rm  mounted on i t .  A l l  r e g r e s s i o n  l i n e s  had R v a lu e s  o f  g r e a t e r  

th a n  90% i n d i c a t i n g  t h a t  a  v e ry  l a r g e  p a r t  o f  t h e  v a r i a b i l i t y  i n  t h e  

w eigh t l o s s e s  m easu red  i n  t h e  e x p e r im e n t  can be e x p la in e d  by  th e  

r e l a t i o n s h i p  be tw een  w e ig h t  l o s s  and  t im e .  v a lu e s  were c a l c u l a t e d  

from t h e s e  v a lu e s  by t h e  method d e s c r ib e d  i n  s e c t i o n  5 .4 .1  u s in g  

th e  mean w e ig h t  l o s s e s  from th e  f o i l  s e a l e d  cham bers t o  c a l c u l a t e  J  . 

(A s p e c i f i c  J c was c a l c u l a t e d  f o r  each  i s o l a t i o n  d a t e  a s  t h e  

p e r m e a b i l i t i e s  o f  p e r id e rm s  i s o l a t e d  on t h e  two d a t e s  w ere  m easured  

s e p a r a t e l y ) . Mean Pp v a lu e s  f o r  p e r id e rm s  i s o l a t e d  from  each  

t r e a tm e n t  on e a ch  d a t e  a r e  p r e s e n t e d  i n  t a b l e  5 . 1 .
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T a b le  5 . 1 .  P e r id e rm  p e r m e a b i l i t i e s  (P ) o f  p e r id e rm s  i s o l a t e d  from
P

c v .  Record t u b e r s  i r r a d i a t e d  o r  t r e a t e d  w i th  c h e m ica l  

s p r o u t  s u p p r e s s a n t s  a f t e r  19 o f  s t o r a g e  a t  25°C and 

a f t e r  a  f u r t h e r  104 days  o f  s t o r a g e  a t  8°C.

19 days  s t o r a g e  a t  25°C

T rea tm en t P (m 
P

s ' 1) S ta n d a rd d e v i a t i o n

C o n t ro l 2 .0 3  X 1 0 '9 0 .3 9 X -9  10 *

Chlorpropham 1.67 X -910 * 0 .36 X -9 10 y

Tecnazene 2 .4 2  X -9 10 * 0 .4 6 X -910 *

0 .1 0  kGy 
I r r a d i a t i o n

3 .09  X -910 * 0 .34 X -9  10 *

0 .1 5  kGy 
I r r a d i a t i o n

1.90 X -910 * 0 .3 8 X -910 *

123 days s t o r a g e ( 19 a t  25°C, 104> a t  8°C)

T rea tm en t P (m 
P

s ' 1) S ta n d a rd d e v i a t i o n

C o n t ro l 2 .4 9  X 1 0 '9 0 .5 7 X -910

Chlorpropham 2 .6 4  X -910 * 0 .66 X -910 *

Tecnazene 2 .7 5  X -910 * 0 .5 9 X -910 *

0 .1 0  kGy 
I r r a d i a t i o n

3 .2 3  X
-9

10 * 0 .57 X -910

0 .1 5  kGy 
I r r a d i a t i o n

2 .9 3  X
-9

10 * 0 .5 3 X -9  10 *

A c o n v e n t i o n a l  a n a l y s i s  o f  v a r i a n c e  p ro c e d u r e  t o  d e te r m in e  i f  t h e r e  

was any  s i g n i f i c a n t  e f f e c t  o f  t r e a tm e n t  on th e  p e r m e a b i l i t y  o f  

p e r id e rm s  c o u ld  n o t  be c a r r i e d  o u t  a s  t h e  rem oval o f  t h e  d a t a  from  

l e a k in g  c e l l s  r e s u l t e d  in  a n  u n e q u a l  number o f  r e p l i c a t e  Pp v a lu e s
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c a l c u l a t e d  from  e a c h  t r e a t m e n t .  An a l t e r n a t i v e  s t a t i s t i c a l  p r o c e d u r e ,  

th e  G e n e ra l  L in e a r  Model (GLM), was t h e r e f o r e  u se d  a s  i t  can  a n a ly s e  

d a ta  from e x p e r im e n t s  w i th  u n equa l  numbers o f  r e p l i c a t e s .

GLM a n a l y s i s  was c a r r i e d  o u t  on th e  d a t a  o b t a in e d  f o r  p e r id e rm s  

i s o l a t e d  on e a c h  d a t e  and a l s o  on th e  combined d a t a  from  b o th  

i s o l a t i o n  d a t e s .  GLM a n a l y s i s  o f  v a r i a n c e  showed t h a t  t h e r e  was no 

s i g n i f i c a n t  e f f e c t  o f  t r e a tm e n t  on t h e  p e r m e a b i l i t y  o f  p e r id e rm s  from 

th e  combined d a t a  a t  t h e  5% s i g n i f i c a n c e  l e v e l .  I t  a l s o  i n d i c a t e d  

t h a t  t h e r e  was no s i g n i f i c a n t  e f f e c t  o f  t r e a tm e n t  o n  t h e  p e r m e a b i l i t y  

o f  p e r id e rm s  i s o l a t e d  on e i t h e r  i n d i v i d u a l  d a t e  a t  th e  5% s i g n i f i c a n c e  

l e v e l .  GLM a n a l y s i s  o f  t h e  combined d a t a  a l s o  i n d i c a t e d  t h a t  t h e r e  

was no s i g n i f i c a n t  e f f e c t  o f  t h e  d u r a t i o n  o f  s t o r a g e  on t h e  

p e r m e a b i l i t y  o f  i s o l a t e d  p e r id e rm s  a t  t h e  5% s i g n i f i c a n c e  l e v e l .

Pp v a l u e s  f o r  p e r id e rm s  i s o l a t e d  from  c o n t r o l  t u b e r s  a f t e r  19 days  

s to r a g e  w ere  c a l c u l a t e d  i n  o r d e r  t o  compare P^ v a lu e s  from  i n d i v i d u a l  

sample t u b e r s .  Those v a l u e s  a r e  p r e s e n te d  in  t a b l e  5 . 2 .

T a b le  5 . 2 .  P e r id e rm  p e r m e a b i l i t i e s  (P ) o f  p e r id e rm s  i s o l a t e d  from 

u n t r e a t e d  c v .  Record p o t a t o e s  s t o r e d  f o r  19 d a y s  a t  8°C.

Tuber P (m 
P

s - 1 ) S ta n d a rd d e v i a t i o n

(1) 1 .59  X 10"9 0 .66 X -910 *

(2) 1.72 X -910 * 0.81 X -910 *

(3) 2 .7 8  X
-9

10 0.51 X -910 *

Mean 2 .0 3  X -910 0 .3 9 X -910 *
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D is c u s s io n

_ Q _ 1
The r a n g e  o f  mean v a lu e s  o f  betw een 1 and 3 X 10 m s

m easured f o r  c v .  Record p o t a t o e s  i n  t h i s  s tu d y  i s  s i m i l a r  t o  t h e

p e r m e a b i l i t y  c o e f f i c i e n t s  o f  p o t a t o  p e r id e rm s  m easured  by Vogt e t  a l .

(1 9 8 3 ) .  I n  a s tu d y  o f  p e r id e rm s  i s o l a t e d  from  c v .  P r im u ra ,  c v .

S y ra cu se  and c v .  M a r i t t a  p o t a t o e s  Vogt e t  a l .  (1983) m easured  w a te r

-10 -1p e r m e a b i l i t i e s  o f  t h e  o r d e r  o f  1 -  3 X 10 m s  . P e r m e a b i l i t i e s  i n  

t h a t  s tu d y  were found t o  re d u c e  d u r in g  s t o r a g e  and t h e  p r e s e n c e  o f  

l e n t i c e l s  i n c r e a s e d  p e r m e a b i l i t y  by a f a c t o r  o f  t e n .  As t h e  p e r id e rm s  

m easured  i n  t h i s  s tu d y  c o n ta in e d  l e n t i c e l s ,  p e r m e a b i l i t i e s  o f  t h e  

o r d e r  o b s e rv e d  were t o  be e x p e c te d .

The v a lu e s  o b t a i n e d  f o r  P^ from p e r id e rm s  i s o l a t e d  a f t e r  123 day s  

o f  s t o r a g e  a p p e a r  t o  be g e n e r a l l y  l a r g e r  th a n  t h o s e  o b t a i n e d  from  

p e r id e rm s  i s o l a t e d  a f t e r  19 d ays  o f  s t o r a g e .  The d i f f e r e n c e  i s ,  

however, n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  L a rg e r  v a lu e s  o f  P^ f o r  

p e r id e rm s  i s o l a t e d  a f t e r  123 days s t o r a g e  im ply  t h a t  w a te r  i s  l o s t  a t  

a g r e a t e r  r a t e  th ro u g h  t h o s e  p e r id e rm s ,  i . e .  th e y  a r e  more p e rm e a b le .  

T h is  i s  c o n t r a r y  t o  what would be e x p e c te d  a s  t h e  p e r id e rm  h a s  been 

shown t o  d e v e lo p  f u r t h e r  d u r in g  s t o r a g e  and i t  would be e x p e c te d  t h a t  

i t s  p e r m e a b i l i t y  would d e c r e a s e  a s  c u r i n g  o c c u r r e d .  The p e r id e rm  may 

in  f a c t  a l r e a d y  be a lm o s t  f u l l y  d e v e lo p e d  by th e  end o f  t h e  19 day 

s to r a g e  p e r i o d .  T h is  s u g g e s t s  t h a t  any a p p a r e n t  d i f f e r e n c e s  i n  P^ 

v a lu e s  betw een  th e  two i s o l a t i o n  d a t e s  may be due t o  a  change i n  t h e  

e x p e r im e n ta l  c o n d i t i o n s  u n d e r  w hich th e  two s e t s  o f  p e r id e rm s  were 

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

The f a c t  t h a t  no s i g n i f i c a n t  d i f f e r e n c e s  i n  p e r id e rm  p e r m e a b i l i t y  

were found  betw een  c o n t r o l  and t r e a t e d  t u b e r s  may b e  due t o  t h e
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v a r i a b i l i t y  i n  t h e  m easurem ent o f  v a lu e s  o f  i n d i v i d u a l  p e r id e rm s

w i th in  sam ple t u b e r s  o r  t o  t h e  v a r i a b i l i t y  o f  t h e  p e r m e a b i l i t y  o f

p e r id e rm s  from  d i f f e r e n t  sample t u b e r s  w i t h in  t h e  same t r e a t m e n t .

T h is  can  be i l l u s t r a t e d  by exam in ing  th e  s t a n d a r d  d e v i a t i o n s  p r e s e n te d

in  t a b l e  5 . 1 .  L arge  s t a n d a r d  d e v i a t i o n s  in  t h e  m easurem ent o f  t h e

mean P v a lu e s  d e te rm in e d  f o r  an  i n d i v i d u a l  t r e a t m e n t ,  t h e  c o n t r o l ,
P

i n d i c a t e  t h a t  t h e  d i f f e r e n c e s  betw een t r e a tm e n t  means a r e  n o t  g r e a t  

enough t o  be  d e t e c t e d  above th e  l a r g e  d e g re e  o f  v a r i a b i l i t y  i n  P^ 

v a lu e s  c a l c u l a t e d  f o r  each  t r e a t m e n t .

T ab le  5 .2  c o n ta i n s  P v a lu e s  c a l c u l a t e d  f o r  i n d i v i d u a l  c o n t r o l
P

t u b e r s  from p e r id e rm s  i s o l a t e d  a f t e r  19 days  s t o r a g e .  These r e s u l t s  

were c h o sen  i n  o r d e r  t o  show t h e  d e g re e  o f  v a r i a b i l i t y  i n  Pp 

m easurem ents  e x p e r i e n c e d  w i t h in  one t r e a tm e n t  on one  i s o l a t i o n  d a t e .  

P e r m e a b i l i t y  m easurem ents  o f  c o n t r o l  t u b e r  p e r id e rm s  were g e n e r a l l y  no 

more o r  l e s s  v a r i a b l e  t h a n  t h e  m easurem ents  from  o t h e r  t r e a t m e n t s .

The r e s u l t s  i n  t a b l e  5 .2  show t h a t  t h e r e  i s  a  h ig h  d e g re e  o f  

v a r i a b i l i t y  i n  mean P^ v a lu e s  c a l c u l a t e d  f o r  each  o f  t h e  t h r e e  t u b e r s  

sam pled , t u b e r  (3) h as  mean P^ v a lu e  a lm o s t  tw ic e  t h a t  o f  t h e  o t h e r  

two t u b e r s .  T h is  d e g re e  o f  v a r i a b i l i t y  co u ld  be  due  t o  t h e  n a t u r a l  

v a r i a b i l i t y  be tw een  t u b e r s  w i t h in  t h e  same t r e a tm e n t  o r  may be due t o  

th e  f a c t  t h a t  t h r e e  d i f f e r e n t l y  s i z e d  t u b e r s  were sam pled on  each  

sam p lin g  d a t e .  Sam pling  was c a r r i e d  o u t  i n  t h a t  way i n  o r d e r  t o  

e n su re  t h a t  sam p les  w ere  r e p r e s e n t a t i v e  o f  t h e  w hole  t r e a t m e n t  box. 

However, i t  i s  c o n c e iv a b le  t h a t  t h e  t h r e e  d i f f e r e n t  s i z e s  o f  p o t a t o e s  

were a t  d i f f e r e n t  s t a g e s  o f  g row th  and t h a t  t h e i r  p e r id e rm s  w ere  a t  

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

d a t e ,  and t h a t  t h i s  l e d  t o  d i f f e r e n t  Pp v a lu e s  f o r  e ach  t u b e r .
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The s t a n d a r d  d e v i a t i o n s  f o r  i n d i v i d u a l  t u b e r s  a r e  a l s o  l a r g e  

i n d i c a t i n g  t h a t  t h e r e  i s  a h ig h  d e g re e  o f  v a r i a b i l i t y  i n  v a lu e s  

m easured from p e r id e rm s  i s o l a t e d  from th e  same t u b e r .  T h is  may be due 

to  t h e  c o n d i t i o n  o f  d i f f e r e n t  a r e a s  o f  t h e  p e r id e rm  o f  a  t u b e r .

S u r fa c e  b le m is h e s  and o t h e r  damage o r  t h e  p r e s e n c e  o f  l e n t i c e l s  t o  

v a ry in g  d e g r e e s  on d i f f e r e n t  a r e a s  o f  t h e  s k i n  may r e s u l t  i n  

s u b s t a n t i a l l y  d i f f e r e n t  p e r m e a b i l i t i e s  a t  d i f f e r e n t  a r e a s  on t h e  

s u r f a c e  o f  a s i n g l e  t u b e r .

S e v e r a l  e x p l a n a t i o n s  o f  why no e f f e c t  o f  t r e a tm e n t  was o b s e rv e d  can

be s u g g e s t e d .  F i r s t l y  t h e  e f f e c t  o f  t r e a tm e n t  on p e r id e rm

p e r m e a b i l i t y  may n o t  be g r e a t  enough t o  be o b se rv e d  by t h e  method used

t o  m easure  p e r m e a b i l i t i e s .  T h is  v iew i s  s u p p o r te d  by t h e  d e g re e  o f

v a r i a b i l i t y  i n  P m easurem ents  d i s c u s s e d  ab o v e .  T rea tm en t  e f f e c t s  
P

would have  t o  be l a r g e  i n  o r d e r  t o  be v i s i b l e  above t h e  v a r i a b i l i t y  i n  

p e r m e a b i l i t y  c o e f f i c i e n t s  o b s e rv e d  w i t h in  t r e a t m e n t s .

A l t e r n a t i v e l y ,  t r e a t m e n t s  may a f f e c t  t h e  w e ig h t  l o s s  from  p o t a t o e s ,  

o b se rv e d  i n  C h a p te r  4 , by a f f e c t i n g  th e  i n c id e n c e  o f  d i s e a s e  o r  t h e  

d e g re e  o f  s p r o u t i n g  d u r in g  s t o r a g e  r a t h e r  t h a n  th ro u g h  a l a r g e  e f f e c t  

on t h e  p e r m e a b i l i t y  o f  p o t a t o  p e r id e rm .  That i s  t o  say  t h e  e f f e c t  o f  

t r e a tm e n t  on p e r m e a b i l i t y  was n o t  o b s e rv e d  b e c au se  i t  i s  n o t  t h e  

mechanism by w hich  t r e a t m e n t s  a f f e c t  w e ig h t  l o s s  from whole  p o t a t o e s .

F u r th e r  e x p e r i e n c e  w i t h ,  and deve lopm en ts  o f ,  t h e  method u se d  in  

t h i s  s tu d y  may l e a d  t o  more p r e c i s e  m easurem ents  o f  P . T h is  would 

e n a b le  t h e  e f f e c t s  o f  t r e a t m e n t  on th e  p e r m e a b i l i t y  o f  p o t a t o  

p e r id e rm s ,  i f  such  e f f e c t s  a r e  g r e a t  enough , t o  be s t u d i e d .  However, 

p o t a t o  p e r id e rm s  may be so  v a r i a b l e  due t o  t h e  p r e s e n c e  o f  l e n t i c e l s  

and t o  damage t o  t h e  p o t a t o  s u r f a c e  t h a t  t h e  method employed h e r e  may
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not  be a b l e  t o  d i s t i n g u i s h  t h e  e f f e c t s  of  s p r o u t  s u p p r e s s a n t  t rea tment -  

on p e r i de r m  p e r m e a b i l i t y  from t h e  random e f f e c t s  o f  p e r i de r m 

v a r i a b i l i t y .
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C h a p te r  6

I r r a d i a t i o n  o f  Chlorpropham  and Tecnazene

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

U rba in  (1986) h a s  s t r e s s e d  t h a t  t h e  i r r a d i a t i o n  o f  food  h a s  been 

one o f  t h e  most c l o s e l y  i n v e s t i g a t e d  o f  food  p r o c e s s e s .  The e f f e c t  o f  

i r r a d i a t i o n  on many food  components h a s  been  s t u d i e d  ( E l i a s  and Cohen, 

1977; E l i a s  and Cohen, 1983; Jo sep h so n  and P e t e r s o n ,  1983; U rb a in ,  

1986). However, i n  t h e  p r e p a r a t i o n  o f  some f o o d s ,  s u b s ta n c e s  a r e  

added t o  them and w i l l  be i r r a d i a t e d  w i th  t h e  f o o d .  Two g ro u p s  o f  

such s u b s t a n c e s  a r e  food  a d d i t i v e s  and a g r i c u l t u r a l  c h e m ic a l s .

Food a d d i t i v e s  a r e  s u b s t a n c e s  which a r e  used  by food  p r o c e s s o r s  t o  

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

fo o d s .  Examples o f  food  a d d i t i v e s  a r e  c o l o u r i n g s ,  p r e s e r v a t i v e s ,  

a n t i - o x i d a n t s  and p r o c e s s in g  a i d s  such  a s  e m u l s i f i e r s .  The te rm  

" a g r i c u l t u r a l  c h e m ic a ls "  i s  u sed  h e re  t o  i n c l u d e  p e s t i c i d e s  u sed  on 

p l a n t s  b e f o r e  o r  a f t e r  h a r v e s t  and hormones and a n t i b i o t i c s  f e d  t o  

l i v e s t o c k .  The e f f e c t  o f  i r r a d i a t i o n  on food  a d d i t i v e s  and 

a g r i c u l t u r a l  c h e m ic a ls  h a s  n o t  been i n v e s t i g a t e d  a s  f u l l y  a s  t h e  

e f f e c t  o f  i r r a d i a t i o n  on t h e  m ajo r  food  com ponents .

In  t h i s  s tu d y  o f  t h e  e f f e c t s  o f  i r r a d i a t i o n  on p o t a t o e s  i t  was 

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

c h e m ica ls  commonly a p p l i e d  t o  p o t a t o e s  t o  be  s t o r e d  f o r  s u b s e q u e n t  

p r o c e s s in g .  The a g r i c u l t u r a l  c h e m ic a ls  commonly used  t o  a i d  p o t a t o  

s to r a g e  i n  t h e  U.K. a r e  Chlorpropham  and i t s  a n a lo g u e  Propham ( s p r o u t  

s u p p r e s s a n t s ) ,  T ecnazene  ( s p r o u t  s u p p r e s s a n t / f u n g i c i d e ) ,  T h ia b e n d a z o le  

( f u n g ic id e )  and 2 -am in o b u tan e  ( f u n g i c i d e ) .  These c h e m ic a l s  a r e
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a p p l i e d  a t  t h e  b e g in n in g  o f , o r  d u r in g ,  t h e  s t o r a g e  p e r i o d .  I f  

i r r a d i a t i o n  o f  c h e m ic a l ly  t r e a t e d  p o t a t o e s  t a k e s  p l a c e  s u b s e q u e n t ly ,  

t h e s e  c h e m ic a ls  w i l l  a l s o  be  i r r a d i a t e d .  I r r a d i a t i o n  c o u ld  t a k e  p l a c e  

d u r in g  t h e  s t o r a g e  p e r io d  t o  i n h i b i t  s p r o u t i n g  o r  a f t e r  s t o r a g e  i f  t h e  

p o t a to  o r  i t s  p r o d u c t s  were u sed  a s  i n g r e d i e n t s  i n  a n o th e r  i r r a d i a t e d  

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

th e  two most commonly a p p l i e d  s p r o u t  s u p p r e s s a n t  c h e m ic a l s ,

Chlorpropham  and T ecnazene .

A r e v ie w  o f  t h e  l i t e r a t u r e  r e v e a l e d  t h a t  t h e  r e s e a r c h  work 

conduc ted  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  i r r a d i a t i o n  on p e s t i c i d e s  i s  

bo th  l i m i t e d  and f ra g m en te d  i n  i t s  c o v e ra g e  o f  t h e  f i e l d .  Most 

s t u d i e s  c a r r i e d  o u t  t o  d a t e  have been c o n c e rn e d  w i th  t h e  i r r a d i a t i o n  

o f  i n s e c t i c i d e s  o f  t h e  o rgan o p h o sp h o ru s  and o r g a n o c h l o r i n e  c l a s s e s ,  

a l th o u g h  o t h e r  c l a s s e s  o f  compounds have  undergone  more l i m i t e d  

i n v e s t i g a t i o n .  I n  t h e  f o l l o w in g  d i s c u s s i o n  f o r  t h e  s a k e  o f  b r e v i t y  

th e  common name o f  each  p e s t i c i d e  i s  used  r a t h e r  th a n  t h e  more c o r r e c t  • 

I .U .P .A .C .  v e r s i o n .  I .U .P .A .C .  e q u i v a l e n t s  o f  t h e  common names u se d  

a r e  t o  be found  i n  H a r t l e y  and Kidd (1 9 8 3 ) .

The e f f e c t  o f  gamma i r r a d i a t i o n  on th e  d e g r a d a t i o n  o f  some 

o rg an o p h o sp h o ru s  compounds was i n v e s t i g a t e d  by G e tz in  and R o s e f i e l d  

(1 968 ) .  They found  t h a t  t h e  b i o l o g i c a l  d e g r a d a t i o n  o f  M a la th io n ,  

D ic h lo r v o s ,  C io d in  and Mevinphos i n  s o i l  was enhanced  by an 

i r r a d i a t i o n  p r e - t r e a t m e n t  a t  a  dose  o f  40 kGy i n  co m p ar iso n  w i t h  

a u to c l a v e d  p r e - t r e a t m e n t s  and  c o n t r o l s .  The r a t e  o f  d e g r a d a t i o n  o f  

i r r a d i a t e d  P a r a t h i o n ,  D im eth o a te  and  D iaz in o n  t r e a t m e n t s  was 

com parab le  w i th  p r e - a u to c l a v e d  t r e a t m e n t s .  I t  was a l s o  found  t h a t  a
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10 kGy dose  o f  i r r a d i a t i o n  a lo n e  degraded  M a la th io n ,  D iaz in o n  and th e  

n e m a t ic id e  Z inophos (T h io n a z in )  by 15, 25 and 42% r e s p e c t i v e l y  when 

i r r a d i a t e d  a s  s i l t  o r  sand  e m u ls io n s .

The d e g r a d a t i o n  o f  P ir im p h o s-m e th y l  by gamma r a d i a t i o n  h a s  been  

s tu d i e d  by Wiendl (1982) who found  i t  was d e g ra d e d  by i r r a d i a t i o n  

t r e a tm e n t  when a b s o rb e d  o n to  f i l t e r  p a p e r s ,  e s p e c i a l l y  a t  d o s e s  o f  20 

kGy and when p r e s e n t  a t  low c o n c e n t r a t i o n s .

G ran t  e t  a l .  (1969) fo l lo w e d  t h e  r a d i o l y s i s  o f  D i s u l f o t o n  and 

P h o ra te  a t  d o s e s  o f  0 -  40 kGy i n  h ex an e ,  a c e to n e  and aqueous  s o l u t i o n  

f i n d i n g  t h a t  t h e  d e g re e  o f  breakdown o f  t h o s e  compounds i n c r e a s e d  w i th  

i n c r e a s i n g  r a d i a t i o n  d o s e .  D e g ra d a t io n  was g r e a t e r  when i r r a d i a t i o n  

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

L ip p o ld  e t  a l .  ( 1969) s t u d i e d  t h e  e f f e c t  o f  a  50 kGy gamma 

r a d i a t i o n  do se  on th e  d e g r a d a t i o n  o f  5 ppm hexane s o l u t i o n s  o f  a 

number o f  p e s t i c i d e s .  They found t h a t  t h e  c o n c e n t r a t i o n  o f  t h e  

o r g a n o c h lo r in e  i n s e c t i c i d e s  DDT and E n d o su l fa n  were r e d u c e d  by 75 and 

45% r e s p e c t i v e l y  by t h i s  t r e a t m e n t .  The c o n c e n t r a t i o n s  o f  P a r a t h i o n ,  

M a la th io n  and th e  a c a r i c i d e s  B in a p a c r y l  and T e t r a d i f o n  were re d u c e d  by 

27, 71 , 58 and 28% r e s p e c t i v e l y .

F u r t h e r  s t u d i e s  o f  t h e  r a d i a t i o n  c h e m is t ry  o f  DDT have been  

u n d e r ta k e n  by Sherman e t  a l .  (1971) who s t u d i e d  i t s  d e g r a d a t i o n  i n  

p r o p a n - 2 - o l .  Woods and A kh ta r  (1974) i r r a d i a t e d  DDT a t  low 

c o n c e n t r a t i o n  i n  aqueous  s o l u t i o n  and a l s o  s t u d i e d  th e  r a d i o l y s i s  o f  

C h lo ra l  H y d r a te .  I n  b o th  s t u d i e s  i t  was found t h a t  i r r a d i a t i o n  

t r e a tm e n t  r e s u l t e d  i n  t h e  d e c h l o r i n a t i o n  o f  DDT. The d e g r a d a t i o n  o f  

o r g a n o c h lo r in e  p e s t i c i d e s  h a s  been  o f  g r e a t  i n t e r e s t  a s  some c h e m ic a l s  

o f  t h a t  c l a s s  a r e  n o t o r i o u s l y  p e r s i s t e n t  and can b io a c c u m u la te  i n  food
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c h a in s  ( H a s s a l ,  1982). Gamma i r r a d i a t i o n  h a s  been s u g g e s te d  a s  a 

p o s s i b l e  method o f  d e s t r o y i n g  c h lo r o - a r o m a t i c s  i n  i n d u s t r i a l  w as te  

w a te r s  (Sherman e t  a l . , 1971; Woods and A k h ta r ,  1974; V o l ln e r  e t  a l . , 

1975; G i l b e r t ,  1976).

R e se a rc h  by V o l ln e r  and K o r te  (1974a) on t h e  i r r a d i a t i o n  o f  

D i e l d r i n  i n  aqueous  s o l u t i o n  found t h a t  i t  was c o m p le te ly  d e g ra d e d  by 

an i r r a d i a t i o n  dose  o f  70 kGy. S t u d ie s  by V o l ln e r  and K o r te  (1974b) 

and V o l ln e r  e t  a l .  (1975) on th e  d e g r a d a t io n  o f  D i e l d r i n ,  A l d r in ,  

L in d a n e ,  C h lo rd an e  and p o l y c h l o r i n a t e d  b ip h e n y l s  (PCB 's)  have shown 

t h a t  p r o g r e s s i v e  d e c h l o r i n a t i o n  o f  t h e s e  compounds o c c u rs  when 

i r r a d i a t e d  i n  aqueous  and o r g a n ic  s o l u t i o n s .

No in f o r m a t io n  c o u ld  be o b t a in e d  d e t a i l i n g  s t u d i e s  o f  t h e  gamma 

i r r a d i a t i o n  o f  e i t h e r  Tecnazene o r  C hlorpropham . Some e x p e r im e n ta l  

work h a s  been  c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  p h o t o l y s i s  o f  Tecnazene  

and C hlorpropham  by U.V. l i g h t .  U.V. p h o t o l y s i s  i s  i n  some r e s p e c t s  

a n a lo g o u s  t o  gamma r a d i o l y s i s ,  however a s  w i th  o t h e r  a n a l o g i e s  c a r e  

must be t a k e n  n o t  t o  draw th e  a n a lo g y  to o  f a r  a s  t h e  two p r o c e s s e s  a r e  

no t  i d e n t i c a l  i n  t h e i r  e f f e c t s .

Hamadmad (1967) s tu d i e d  t h e  U.V. p h o t o l y s i s  o f  Tecnazene  i n  hexane 

s o l u t i o n .  The i r r a d i a t i o n  o f  Tecnazene  w i th  l i g h t  o f  w a v e le n g th  253 .7  

nm r e s u l t e d  i n  t h e  f o rm a t io n  o f  1 , 2 , 4 , 5 - t e t r a c h l o r o b e n z e n e  a s  t h e  

m ajor  p r o d u c t  by th e  l o s s  o f  t h e  n i t r o  g ro u p .  S m a l le r  am ounts o f  

2 , 3 , 5 - t r i c h l o r o n i t r o b e n z e n e  and 2 , 3 , 6 - t r i c h l o r o n i t r o b e n z e n e  w ere  a l s o  

d e t e c t e d .  1 , 2 , 4 , 5 - t e t r a c h l o r o b e n z e n e  and  t r i c h l o r o n i t r o b e n z e n e s  have 

been shown t o  be  p r e s e n t  a s  c o n ta m in a n ts  i n  com m ercial  f o r m u l a t i o n s  o f  

Tecnazene (H e ik e s  e t  a l . , 1979), a l th o u g h  p resu m ab ly  Hamadmad’ s s tu d y  

took  t h a t  i n t o  a c c o u n t .
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Guzik (1978) h a s  i n v e s t i g a t e d  t h e  U.V. p h o t o l y s i s  o f  C hlorpropham  

in  aqueous  s o l u t i o n .  The s o l e  p ro d u c t  i d e n t i f i e d  was i s o p r o p y l - 3 -  

h y d r o x y c a r b a n i l a t e ,  t h a t  i s  t h e  re p la c e m e n t  o f  t h e  r i n g  c h l o r i n e  by a 

h y d ro x y l  g r o u p .  Guzik  (1978) a l s o  s u s p e c te d  th e  p r e s e n c e  o f  o t h e r  

p o lym er ic  r e a c t i o n  p r o d u c t s  i n  p h o to ly s e d  s o l u t i o n s .  I n  t h e  U.V. 

p h o t o l y s i s  o f  t h e  s t r u c t u r a l l y  r e l a t e d  h e r b i c i d e  Monuron ( 3 ( 4 -  

c h lo r o p h e n y l ) - 1 , 1 - d im e th y lu re a )  Tanaka e t  a l .  (1984) o b se rv e d  th e  

fo rm a t io n  o f  t h e  d e c h l o r i n a t e d  d e r i v a t i v e  Fenuron  ( 1 , 1 - d im e th y l -3 -  

p h e n y lu re a )  when i r r a d i a t i o n  to o k  p l a c e  i n  a  s o l u t i o n  w i th  com ponen ts , 

such a s  s u r f a c t a n t s ,  p o s s e s s i n g  l a b i l e  hydrogen  a to m s .  The b ip h e n y l  

compounds 2 , 4 ’ - ,  3 , 4 ’ -  and 4 , 4 1- b i s ( N ' ,  N ' - d i m e t h y lu r e i d o ) b ip h e n y l  were 

a l s o  fo rm ed . I n  aqueous  s o l u t i o n  t h e  f o l l o w i n g  c h l o r i n a t e d  b ip h e n y l s  

were fo rm ed ;  2 - c h l o r o - 4 ' , 5 - b i s ( N 1 ,N '- d i m e t h y lu r e i d o ) b ip h e n y l  and  5- 

c h l o r o - 2 , 4 1- b i s (N' , N' - d i m e t h y l u r e i d o ) b ip h e n y l .

E x p e r im e n ta l  o b j e c t i v e s

The i n v e s t i g a t i o n s  embarked on i n  t h i s  s tu d y  s e t  o u t  t o  d i s c o v e r  

how C hlorpropham  and T ecnazene a r e  a f f e c t e d  by gamma i r r a d i a t i o n .

These e x p e r im e n t s  f a l l  i n t o  s e v e r a l  a r e a s .  F i r s t l y  i n i t i a l  s t u d i e s  

were c a r r i e d  o u t  t o  d e v e lo p  an e x p e r im e n ta l  method c a p a b le  o f  

m easu r ing  t h e  d e g re e  o f  d e g r a d a t io n  o f  t h e  c h e m ic a l s  by i r r a d i a t i o n  

t r e a t m e n t .  I r r a d i a t i o n s  o f  Chlorpropham  and Tecnazene  were th e n  

c a r r i e d  o u t  i n  two d i f f e r e n t  s o l v e n t s  t o  c o n t r a s t  t h e  e f f e c t s  o f  

i r r a d i a t i n g  t h e  s p r o u t  s u p p r e s s a n t s  i n  d i f f e r e n t  ch e m ica l  

e n v iro n m e n ts .

M ethanol and hexane  were chosen  a s  s o l v e n t s  f o r  t h i s  s tu d y  s o  t h a t  

c o m par isons  o f  how each  s p r o u t  s u p p r e s s a n t  behaved when i r r a d i a t e d  in
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p o la r  and n o n - p o la r  s o l u t i o n s  c o u ld  be made. Those s o l v e n t s  were a l s o  

chosen  b e c au se  a c l e a n - u p  s t e p  would n o t  be r e q u i r e d  b e f o r e  a n a l y s i s  

and b e c a u s e  some i n f o r m a t io n  on th e  i r r a d i a t i o n  o f  hexane and 

m e th a n o l ,  and  p e s t i c i d e  s o l u t i o n s  i n  th o s e  s o l v e n t s ,  a l r e a d y  e x i s t e d .  

A d d i t i o n a l l y ,  Chlorpropham  i s  o f t e n  a p p l i e d  a s  a  m ethano l  f o g .

Commercial f o r m u la t io n s  o f  T ecnazene were i r r a d i a t e d  t o  compare t h e  

s e n s i t i v i t y  o f  T ecnazene  t o  r a d i o l y s i s  i n  s o l u t i o n  and a s  f o r m u la t e d  

f o r  u se  i n  p o t a t o  s t o r e s .  F i n a l l y  a t t e m p t s  were made t o  i d e n t i f y  any  

r a d i o l y t i c  p r o d u c t s  form ed a s  a  r e s u l t  o f  i r r a d i a t i n g  Chlorpropham  and 

T ecnazene .

6 .2  Method deve lopm ent

These i n i t i a l  e x p e r im e n t s  were c a r r i e d  o u t  t o  d e v e lo p  an 

e x p e r im e n ta l  method f o r  m ea su r in g  t h e  breakdown o f  Chlorpropham  and 

Tecnazene i n  hexane  o r  m ethano l  s o l u t i o n  a s  a  r e s u l t  o f  i r r a d i a t i o n  

t r e a t m e n t .  The o b j e c t i v e s  o f  t h e  i n i t i a l  e x p e r im e n ts  w ere ;  t o  f i n d  a 

s u i t a b l e  i r r a d i a t i o n  dose  r a n g e  w i t h i n  w hich o b s e r v a b le  breakdown o f  

t h e s e  compounds o c c u r r e d ,  t o  d e te rm in e  w h e th e r  o t h e r  compounds were 

p roduced  by t h e  i r r a d i a t i o n  p r o c e s s  w hich c o u ld  i n t e r f e r e  w i th  t h e  

m easurem ent o f  t h e  c o n c e n t r a t i o n  o f  t h e  u n a l t e r e d  p e s t i c i d e  r e m a in in g  

and t o  i d e n t i f y  f a c t o r s  r e s p o n s i b l e  f o r  any v a r i a b i l i t y  i n  

m easurem ents  w hich  c o u ld  be e l i m i n a t e d  p r i o r  t o  t h e  q u a n t i f i c a t i o n  o f  

th e  d e g re e  o f  r a d i o l y t i c  breakdown o f  Chlorpropham  and T ecn azen e .

In  o r d e r  t o  d e te rm in e  t h e  s e n s i t i v i t y  o f  Chlorpropham  and Tecnazene  

to  r a d i o l y t i c  breakdown i t  was d e c id e d  t o  m easure  t h e  p e r c e n ta g e  o f  

th e  s p r o u t  s u p p r e s s a n t s  r e m a in in g  i n t a c t  a f t e r  i r r a d i a t i o n  a t  v a r i o u s  

r a d i a t i o n  d o s e s ,  i . e .  t h e  p e r c e n ta g e  r e t e n t i o n .  M ethods w ere  a l s o  

r e q u i r e d  t o  q u a l i t a t i v e l y  e v a l u a t e  t h e  breakdown p r o d u c t s  form ed from
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Chlorpropham  and T ecnazene . Throughout t h e s e  i n i t i a l  e x p e r im e n ts  t h e  

a n a l y t i c a l  t e c h n i q u e  used  t o  q u a n t i f y  C hlorpropham  and T ecnazene was 

Gas L iq u id  Chrom atography ( G .L .C . ) .  An H .P .L .C .  (High P e rfo rm ance  

L iq u id  C h ro m ato g rap y ) method was a l s o  employed t o  g a i n  f u r t h e r  

i n f o r m a t io n  on t h e  n a t u r e  o f  t h e  r e a c t i o n s  t a k i n g  p l a c e  a t  a  l a t e r  

s t a g e  i n  t h e  s tu d y .

G .L .C . was s e l e c t e d  a s  i t  i s  a  s e n s i t i v e ,  s p e c i f i c  and r e a d i l y  

q u a n t i f i a b l e  t e c h n iq u e  ( D a lz i e l  and Duncan, 1974). G .L .C . i s  s u i t a b l e  

f o r  t h e  a n a l y s i s  o f  b o th  Chlorpropham  and T ecn azen e .

G,L .C. c o n d i t i o n s

G .L .C . was c a r r i e d  o u t  u s in g  a  PYE PU4500 g a s  ch ro m a to g rap h  f i t t e d

w i th  a  f lam e  i o n i s a t i o n  d e t e c t o r  ( F . I . D . ) .  Gas f lo w  r a t e s  f o r

3 -1a n a l y s i s  were a s  f o l l o w s ;  N i t ro g e n  c a r r i e r  g a s  30 cm min , A i r  f o r

3 - 1  3 - 1F . I .D .  180 cm min and Hydrogen f o r  F . I .D .  30 cm min

G la s s  colum ns o f  l e n g t h  1 m and i n t e r n a l  d i a m e te r  4 mm were packed

w ith  Gas Chrom Q d ia to m a c e o u s  e a r t h  s u p p o r t  (A p p l ie d  S c ie n c e

L a b o r a t o r i e s ,  U .S .A .)  c o a te d  w i th  e i t h e r  3% 0V17 o r  1.8% 0V17 /  1.95%

0V202 s t a t i o n a r y  p h a s e s  (P hase  S e p a r a t i o n s ,  U .K .) .  Column

te m p e r a tu r e s  o f  170 -  190°C w ere  used  u n l e s s  s t a t e d  o t h e r w i s e .  The 

i n j e c t i o n  p o r t  was m a in ta in e d  a t  220°C and th e  d e t e c t o r  a t  250°C. 

Sample i n j e c t i o n s  o f  5 u l  were i n j e c t e d  u s in g  a 10 u l  H am il ton  s e r i e s  

701 m i c r o l i t e r  s y r i n g e  (H am ilton  Bonaduz, S w i t z e r l a n d ) .

D ata  was m o n i to re d  by t h e  c o n n e c t io n  o f  t h e  PYE PU4500 

c h rom atog raph  t o  a  Shimadzu C-R1B Chromatopac o r  S p e c t r a - P h y s i c s  SP 

4290 i n t e g r a t o r .
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A s t a n d a r d  c u rv e  was p r e p a r e d  f o r  Chlorpropham  (Sigm a, U .S .A .)  and 

Tecnazene ( A l d r i c h ,  U .K .) t o  d e te rm in e  th e  l i n e a r  r a n g e  o f  d e t e c t i o n .  

From t h e s e  i t  was d e c id e d  t o  u se  100 ppm s o l u t i o n s  o f  each  compound 

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

b o th  c a s e s  and low er  l e v e l s  o f  Chlorpropham  and Tecnazene would be 

d e t e c t a b l e  a f t e r  i r r a d i a t i o n .

H .P .L .C . c o n d i t i o n s

The H .P .L .C .  method used  i n  t h i s  s tu d y  f o r  t h e  a n a l y s i s  o f  b o th  

Chlorpropham  and Tecnazene  was a d a p te d  from t h e  method o f  Bushway e t  

a l .  (1984) f o r  t h e  a n a l y s i s  o f  Tecnazene i n  p o t a t o e s .  As t h e  

m easurem ents  were c a r r i e d  o u t  on i r r a d i a t e d  s t a n d a r d  s o l u t i o n s  no 

c le a n - u p  p ro c e d u re  a s  d e s c r i b e d  by Bushway e t  a l .  (1984) was r e q u i r e d .

H .P .L .C . s e p a r a t i o n s  were made by th e  i n j e c t i o n  o f  1 -  10 u l  o f

sample s o l u t i o n s  o n to  a P e rk in -E lm e r  HS-3 C ^g-phase  c a r t r i d g e  column

( P e rk in -E lm e r ,  U .S .A .)  a t  am b ien t  t e m p e r a t u r e .  A n a ly ses  were c a r r i e d

ou t u s in g  a P e rk in -E lm e r  S e r i e s  400 L iq u id  C hrom atograph  f i t t e d  w i th

an ISS-100  A utom atic  S am p le r .  D e te c t io n  o f  Chlorpropham  and Tecnazene

was a c h ie v e d  u s in g  an LC-90 U.V. S p e c t r o p h o to m e t r i c  D e t e c t o r  a t  a

w a v e len g th  o f  210 nm and a t  0 .0 5  AUFS. The m ob ile  phase  used  was

a c e t o n i t r i l e / m e t h a n o l / w a t e r  i n  t h e  r a t i o  o f  3 5 :3 5 :3 0  and  a t  a  f lo w  

3 -1r a t e  o f  1 .0  cm min . A l l  s o l v e n t s  were o f  H .P .L .C . g r a d e  and were 

d e g a sse d  by f i l t r a t i o n  th ro u g h  M i l l i p o r e  0 .4 5  um p o re  s i z e ,  

h y d r o p h i l i c  o r  lo w -w a te r  e x t r a c t a b l e  f i l t e r s  ( M i l l i p o r e ,  U .K .) b e f o r e  

u s e .
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D e te rm in a t io n  o f  i r r a d i a t i o n  dose  ra n g e

U n r e p l i c a t e d  i r r a d i a t i o n s  were c a r r i e d  o u t  on Chlorpropham  and 

Tecnazene s o l u t i o n s  i n  m ethano l t o  d e te rm in e  a s u i t a b l e  ra n g e  o f  

r a d i a t i o n  d o s e s  f o r  f u r t h e r  s tu d y ,  t h e  d o s e s  used  ra n g e d  from 0 .1  kGy 

to  50 kGy.

P r e l i m i n a r y  i n v e s t i g a t i o n s  were c a r r i e d  o u t  by i r r a d i a t i n g  th e
3

p e s t i c i d e  s o l u t i o n s  i n  g l a s s  sam ple b o t t l e s  o f  a p p ro x im a te ly  10 cm 

c a p a c i t y  w i th  e i t h e r  p o ly th e n e  sn a p -o n  l i d s  o r  p l a s t i c  s c re w  cap s  w i th  

a lum inium  f o i l  i n s e r t s .  Samples were p la c e d  a s  n e a r  a s  p o s s i b l e  t o  

th e  c e n t r e  o f  t h e  i r r a d i a t i o n  v e s s e l  and  i r r a d i a t e d  t o  t h e  a p p r o p r i a t e  

dose a s  d e s c r i b e d  and c a l c u l a t e d  in  C h a p te r  2 .  C o n c e n t r a t i o n s  o f  

C hlorpropham  o rT e cn a z e n e  re m a in in g  i n  s o l u t i o n  a f t e r  i r r a d i a t i o n  w ere  

m easured  u s in g  th e  G .L .C . method p r e v i o u s ly  d e s c r i b e d .

No m e a s u ra b le  breakdown o c c u r r e d  a t  0 .1  kGy, an  i r r a d i a t i o n  dose  o f  

th e  m ag n itu d e  u sed  t o  i n h i b i t  t h e  s p r o u t i n g  o f  p o t a t o e s , and a more 

s u i t a b l e  r a n g e  f o r  f u r t h e r  s tu d y  was found t o  be  be tw een  0 and 50 kGy 

in  10 kGy d i v i s i o n s .  T h is  dose r a n g e  was t h e r e f o r e  ch o sen  f o r  

su b s e q u e n t  s t u d i e s  on th e  s e n s i t i v i t y  o f  b o th  Chlorpropham  and 

Tecnazene t o  r a d i o l y s i s .

V a r i a b i l i t y  i n  t h e  d e g re e  o f  breakdown o f  p e s t i c i d e s  i n  s o l u t i o n

L arge  v a r i a t i o n s  i n  t h e  l e v e l s  o f  Chlorpropham  and T ecnazene  

re m a in in g  a f t e r  i r r a d i a t i o n  were found betw een r e p l i c a t e  sam p les  

i r r a d i a t e d  a t  t h e  same r a d i a t i o n  dose  i n  t h e  above i n i t i a l  s t u d y .  

S e v e ra l  p o s s i b l e  s o u r c e s  o f  v a r i a b i l i t y  i n  t h e  method u se d  were 

i d e n t i f i e d .  F i r s t l y  i n a c c u ra c y  i n  t h e  p o s i t i o n i n g  o f  sam p les  a t  t h e  

c e n t r e  o f  t h e  i r r a d i a t i o n  v e s s e l .  Second ly  u n eq u a l  a c t i v i t y  in
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f i n

i n d i v i d u a l  ro d s  o f  t h e  c i r c u l a r  Co s o u rc e  l e a d i n g  t o  u n eq u a l  d o s e s  

r e c e iv e d  by sam p les  i n  d i f f e r e n t  p o s i t i o n s  w i t h in  t h e  i r r a d i a t i o n  

v e s s e l .

A t h i r d  s o u rc e  o f  v a r i a t i o n  may have r e s u l t e d  from th e  ty p e  o f  

c o n t a i n e r s  used  f o r  i r r a d i a t i o n s .  These c o n t a i n e r s  may have  p ro v id e d  

s i t e s  f o r  p o s s i b l e  s i d e - r e a c t i o n s  o f  an unknown n a t u r e .  P l a s t i c  and  

p o ly th e n e  capped  c o n t a i n e r s  may have  been u n s u i t a b l e  a s  s a n e  p l a s t i c s  

have been r e p o r t e d  t o  undergo  changes  d u r in g  i r r a d i a t i o n  t r e a t m e n t  

( Jo s e p h s o n  and P e t e r s o n ,  1983; M il in ch u k  and T upikov , 1989) .  The 

p r e s e n c e  o f  a lum in ium  f o i l  and c a rd b o a rd  l i n i n g s  on th e  i n s i d e  o f  some 

sam ple b o t t l e s  may a l s o  have  in t r o d u c e d  p o t e n t i a l  s i t e s  f o r  unwanted 

r e a c t i o n s .

In  o r d e r  t o  t r y  t o  m in im ise  t h e  e f f e c t s  o f  t h e  i r r a d i a t i o n  

c o n t a i n e r s  on t h e  r a t e  o f  breakdown o f  Chlorpropham  and Tecnazene 

s o l u t i o n s  and t h e  r a d i o l y s i s  p r o d u c t s  form ed i t  was d e c id e d  t o  u se  

a l l - g l a s s  c o n t a i n e r s  f o r  s u b s e q u e n t  i r r a d i a t i o n s .  T h is  s h o u ld  n o t  be 

ta k e n  t o  im ply  t h a t  g l a s s  i t s e l f  does  n o t  p r o v id e  a  s u r f a c e  f o r  

unwanted r e a c t i o n s ,  i t  d o e s ,  how ever, e l i m i n a t e  any s i d e - r e a c t i o n s  

o t h e r  m a t e r i a l s  may t a k e  p a r t  i n  and remove th e  c o n t r i b u t i o n  th e y  make 

to  t h e  e x p e r im e n ta l  v a r i a b i l i t y  o b s e rv e d .

To p r o v id e  a  means o f  p o s i t i o n i n g  t h e  sam ple b o t t l e s  more 

c o n s i s t e n t l y  w i t h i n  t h e  i r r a d i a t i o n  v e s s e l  a  wooden s t a n d  was d e s ig n e d  

in  w hich  t h e  sam p les  c o u ld  be mounted d u r in g  i r r a d i a t i o n .  The s t a n d  

c o n s i s t e d  s im p ly  o f  a  l e n g t h  o f  wood w i th  6 w e l l s  o f  a p p r o p r i a t e  

c i r c u m f e re n c e  and d e p th  sunk  i n t o  i t  i n t o  which sam p les  c o u ld  be  s e t .  

The s t a n d  was t h e n  mounted above an a lum inium  s p a c e r  w i t h i n  t h e  

i r r a d i a t i o n  v e s s e l  t o  p o s i t i o n  i t  a t  a  c o n s i s t e n t  v e r t i c a l  and
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h o r i z o n t a l  p o s i t i o n  a t  each  i r r a d i a t i o n .

Some v a r i a b i l i t y  i n  t h e  dose r e c e iv e d  by each  s e t  o f  sam ples  was

s t i l l  p r e s e n t  even  w i th  t h e  a l t e r e d  e x p e r im e n ta l  p r o c e d u r e .  As has

n
been p r e v i o u s l y  d i s c u s s e d ,  i n d i v i d u a l  ro d s  o f  t h e  Co s o u rc e  have  

unequa l  a c t i v i t i e s  w hich l e a d  t o  u n e q u a l  d o se s  b e in g  g iv e n  t o  sam p les  

in  d i f f e r e n t  p o s i t i o n s  w i t h in  t h e  i r r a d i a t i o n  v e s s e l .  T h is  c o u ld  n o t  

be a v o id e d  by c a r e f u l  p o s i t i o n i n g  o f  t h e  i r r a d i a t i o n  v e s s e l  on each  

o c c a s io n  a s  t h e  v e s s e l  s p in s  f r e e l y  i n  t h e  w a te r  chamber above th e  

s o u r c e .

To i n v e s t i g a t e  t h e  e x t e n t  o f  v a r i a b i l i t y  i n  dose  r e c e i v e d  a t  

p o s i t i o n s  a c r o s s  t h e  h o r i z o n t a l  a x i s  o f  t h e  s o u rc e  t h e  f o l l o w in g  

u n r e p l i c a t e d  s tu d y  was p e rfo rm e d .

3
E ig h t  10 cm v o lu m e t r i c  f l a s k s  were f i l l e d  t o  t h e  mark w i th

a l i q u o t s  o f  a  s i n g l e  100 ppm T ecnazene s o l u t i o n  i n  m ethano l  (R a th b u rn

U .K .) ,  t h e  f l a s k s  c lo s e d  and  s e a l e d  w i th  g l a s s  s t o p p e r s .  S ix  o f  t h e s e
\

f l a s k s  were t h e n  p la c e d  i n  t h e  wooden i r r a d i a t i o n  s t a n d ,  t h e i r  

p o s i t i o n s  n o te d  and t h e  sam p les  i r r a d i a t e d  a t  a  d ose  o f  20 kGy. The 

re m a in in g  two sa m p le s  w ere  r e t a i n e d  a s  n o n - i r r a d i a t e d  c o n t r o l s .  A f t e r  

i r r a d i a t i o n  t h e  T ecnazene c o n c e n t r a t i o n  o f  sam p les  was m easured  by t h e

G.L .C . method p r e v i o u s l y  d e s c r i b e d .

The r e s u l t a n t  c o n c e n t r a t i o n s  o f  Tecnazene  m easured  i n  each  sam p le  

were e x p re s s e d  a s  a  p e r c e n ta g e  o f  t h a t  o f  n o n - i r r a d i a t e d  c o n t r o l s  and 

a r e  shown i n  t a b l e  6 . 1 .
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T ab le  6 . 1 .  P e r c e n ta g e  Tecnazene in  m ethano l  s o l u t i o n s  a f t e r

i r r a d i a t i o n  a t  20 kGy a t  v a r i o u s  p o s i t i o n s  on th e

6n
h o r i z o n t a l  a x i s  o f  t h e  S .U .R .R .C . Co s o u r c e .

D i s ta n c e  from  c e n t r e  o f  a x i s  (cm) % o f  c o n t r o l
c o n c e n t r a t i o n

10.6 2 0 .6 3

4 .4 27.71

2 .5 3 4 .13

1.9 49.47

6.1 28 .8 7

10.3 20 .75

From t h e s e  r e s u l t s  i t  can  be se en  t h a t  t h e  p o s i t i o n i n g  o f  th e  

sample w i t h i n  t h e  s o u r c e  i s  in d ee d  o f  c r i t i c a l  im p o r ta n c e  i n  

d e te r m in in g  t h e  dose  r e c e iv e d  by th e  sam p le .  I t  can a l s o  be  se e n  

t h a t ,  a s  e x p e c t e d ,  a  low er  dose  w i l l  be r e c e iv e d  i n  t h e  c e n t r e  o f  t h e  

s o u rc e  th a n  a t  t h e  c i r c u m f e re n c e  o f  t h e  i r r a d i a t i o n  v e s s e l .

As t h e  d ose  r a t e  u se d  i n  c a l c u l a t i o n s  o f  d o s e s  by s t a f f  a t  

S .U .R .R .C . i s  b a se d  on d o s im e try  a t  t h e  c e n t r e  o f  t h e  s o u r c e  i t  was 

d e c id e d  t o  u s e  t h e  two c e n t r a l  p o s i t i o n s  o f  t h e  i r r a d i a t i o n  s t a n d  t o  

p o s i t i o n  sam p les  i n  f u r t h e r  s t u d i e s .

I r r a d i a t i o n  o f  s o l v e n t s

In  o r d e r  t o  d e te r m in e  w h e th e r  t h e  i r r a d i a t i o n  of* m eth an o l  o r  hexane  

c o u ld  r e s u l t  i n  t h e  f o rm a t io n  o f  compounds which c o u ld  i n t e r f e r e  w i th  

th e  a n a l y s i s  o f  Tecnazene o r  Chlorpropham  o r  t h e i r  r a d i o l y s i s  p r o d u c t s  

th e  f o l l o w i n g  e x p e r im e n t  was p e rfo rm ed .
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3Two d u p l i c a t e  10 cm sam ples  o f  H .P .L .C . g ra d e  m eth an o l  (R a th b u rn  

U.K.) w ere  i r r a d i a t e d  u s in g  t h e  e x p e r im e n ta l  d e s ig n  p r e v i o u s ly  

o u t l i n e d  a t  d o s e s  o f  10, 20, 30, 40, and 50 kGy. T h is  p ro c e d u r e  was 

t h e n  r e p e a t e d  w i th  g l a s s  d i s t i l l e d  hexane (R a th b u rn  U.K.) a s  t h e  

s o lv e n t  i r r a d i a t e d .  The i r r a d i a t e d  sam ples  w ere  a n a ly s e d ,  t o g e t h e r  

w i th  n o n - i r r a d i a t e d  c o n t r o l s ,  by t h e  G .L .C . method d e v e lo p e d  f o r  

C hlorpropham  and  Tecnazene  a n a l y s i s .

In  i r r a d i a t e d  hexane sam ples  a  d i s t i n c t  a l d e h y d i c / k e t o n i c  odour was 

d e t e c t a b l e ,  t h e  odour  became s t r o n g e r  a s  t h e  dose i n c r e a s e d .  No such  

odour was d e t e c t a b l e  from i r r a d i a t e d  m ethano l  s a m p le s .  G .L .C . 

a n a l y s i s  r e v e a l e d  no compound p eak s  i n  e i t h e r  i r r a d i a t e d  hexane  o r  

m ethano l  u n d e r  t h e  c o n d i t i o n s  u s e d .  H .P .L .C . a n a l y s i s  o f  t h o s e  

sam ples  was a l s o  c a r r i e d  o u t  and no i n t e r f e r i n g  compound peaks  were 

found by t h i s  method i n  t h e  a n a l y s i s  o f  e i t h e r  i r r a d i a t e d  s o l v e n t .

The odour  n o te d  i n  i r r a d i a t e d  hexane sam p les  s u g g e s t s  t h a t  some 

v o l a t i l e  compound i s  b e in g  formed from  h e x a n e .  The ty p e  o f  odour  may 

i n d i c a t e  t h a t  a n  a ld e h y d e  o r  k e to n e  d e r iv e d  from hexane  may be b e in g  

formed p o s s i b l y  by t h e  r e a c t i o n  i n  s o l u t i o n  o f  h e x a n e ,  o r  f r e e  

r a d i c a l s  form ed from  h e x a n e ,  w i th  d i s s o l v e d  oxygen i n  s o l u t i o n  o r  w i th  

a tm o s p h e r ic  oxygen a t  t h e  s o l v e n t / a i r  s u r f a c e .  Such a compound, o r  

m ix tu re  o f  compounds, may n o t  a p p e a r  on G.L.C chrom atogram s u n d e r  t h e  

c o n d i t i o n s  u sed  a s  th e y  may be v o l a t i l e  enough t o  b e  masked by t h e  

s o lv e n t  f r o n t .
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M il in c h u k  and Tupikov (1989) have  t a b u l a t e d  d a t a  on t h e  am ounts o f

v a r i o u s  r a d i o l y s i s  p r o d u c t s  formed from a number o f  o r g a n ic  s o l v e n t s .  

Table  6 .2  sum m arises  t h e  d a t a  p ro v id e d  by M il in c h u c k  and  Tupinov 

(1989) on t h e  r a d i o l y s i s  p r o d u c t s  o f  m ethano l  and  h e x a n e .

#
T a b le  6 . 2 .  G v a lu e s  f o r  t h e  r a d i o l y s i s  p r o d u c t s  o f  m e thano l  and

h e x a n e .

S o lv e n t  R a d i o l y s i s  P ro d u c t  G v a lu e

Hexane Hydrogen 5 .0 0
Methane 0 .1 4
E thane 0.31
E thene 0 .2 4
Propane 0 .34
Propene 0 .1 8
i s o - B u ta n e 0 .05
n-B u tane 0 .3 5
i s o - B u te n e 0 .05
B u t-2 -e n e 0 .0 5
B ut- 1 -en e 0 .1 0
C p r o d u c t s 0 .10

p r o d u c ts 0 .06
Cg p ro d u c t s 0 .29
Cq p r o d u c ts 0 .2 2

p r o d u c t s 0 .1 6
C ^  p r o d u c t s 0 .1 7

M ethanol Hydrogen 4 .5  - 4 .8
Methane 0 .5  - 0 .7
W ater 0 .5  - 0 . 6
Carbon Monoxide 0.11 -  0 .1 3
E th a n e d io l 3 .0  - 3 .2
Formaldehyde 1.4  - 1 .9
D im e th y le th e r 0 .2 5

#
The G v a lu e  i s  t h e  number o f  m o le c u le s  o f a r a d i o l y s i s p ro d u c t

_ i
form ed 100 eV r a d i a t i o n  a b s o rb e d .

W ithou t f u r t h e r  a n a l y s i s  i t  i s  n o t  p o s s i b l e  t o  i d e n t i f y  th e  

r a d i o l y s i s  p ro d u c t  o r  p r o d u c t s  r e s p o n s i b l e  f o r  t h e  o d o u r  d e t e c t e d .  

These r e s u l t s  show, how ever, t h a t  u n d e r  t h e  G .L .C . and H .P .L .C .
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c o n d i t i o n s  used  i n  t h e  a n a l y s i s  o f  Chlorpropham  and T ecnazene , 

i r r a d i a t e d  hexane and m ethano l  do n o t  form  p r o d u c t s  t h a t  c o 

ch rom atog raph  w i th  e i t h e r  s p r o u t  s u p p r e s s a n t .  The r a d i o l y t i c  p r o d u c t s  

formed from t h e  s o l v e n t s  sh o u ld  n o t  t h e r e f o r e  i n t e r f e r e  w i th  t h e  

m easurement o f  t h e  amount o f  i n t a c t  Chlorpropham  o r  Tecnazene a f t e r  

i r r a d i a t i o n .

6 .3  I r r a d i a t i o n  o f  Chlorpropham  i n  m ethano l  and hexane

In  t h i s  s e c t i o n  t h e  r e s p o n s e  o f  Chlorpropham  t o  i r r a d i a t i o n  i n  

s o l u t i o n s  o f  hexane and m ethano l  was i n v e s t i g a t e d .  A r a n g e  o f  

r a d i a t i o n  d o s e s  w ere  used  and t h e  d e g re e  o f  breakdown o f  Chlorpropham  

and t h e  c o n c e n t r a t i o n  o f  some r a d i o l y t i c  p r o d u c t s  q u a n t i f i e d .

6 .3 .1  I r r a d i a t i o n  o f  Chlorpropham  i n  m ethano l  s o l u t i o n

E x p e r im e n ta l

3
Twelve 10 cm a l i q u o t s  o f  a  s i n g l e  s to c k  100 ppm s o l u t i o n  o f  

Chlorpropham  (Sigm a, U.K.) i n  H .P .L .C . g ra d e  m ethano l ( R a th b u rn ,  U .K.)
3

were t r a n s f e r r e d  i n t o  10 cm v o lu m e t r i c  f l a s k s  and s e a l e d  w i th  g l a s s  

s t o p p e r s .  The f l a s k s  were t r a n s p o r t e d  t o  t h e  S .U .R .R .C . w here 

d u p l i c a t e  s o l u t i o n s  were i r r a d i a t e d  a t  s i x  d i f f e r e n t  d o s e s  on t h e  

s ta n d  a p p a r a t u s  d e s c r i b e d  i n  s e c t i o n  6 . 2 .  The d o s e s  used  w ere  0 , 10, 

20, 30 , 40 and 50 kGy, d u p l i c a t e  sam p les  b e in g  p o s i t i o n e d  c e n t r a l l y  a s  

d i s c u s s e d  i n  s e c t i o n  6 . 2 .  The c o n c e n t r a t i o n  o f  C hlorpropham  re m a in in g  

a f t e r  i r r a d i a t i o n  was m easured  by th e  G .L .C . method d e s c r i b e d  i n  t h a t  

s e c t i o n .
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R e s u l t s

Chromatograms o f  sam ples  i r r a d i a t e d  a t  a 10 kGy dose  had o n ly  one 

peak p r e s e n t ,  w i th  a r e t e n t i o n  t im e  c o r r e s p o n d in g  t o  t h a t  o f  

Chlorpropham  a t  a p p ro x im a te ly  8 .5  m in u te s  u n d e r  t h e  c o n d i t i o n s  u s e d .

At h i g h e r  d o s e s  a  second  peak was a l s o  found  t o  be p r e s e n t  w hich was 

no t  o b s e rv e d  i n  t h e  10 kGy o r  c o n t r o l  s a m p le s .  The r e t e n t i o n  t im e  o f  

t h e  second  peak was a p p ro x im a te ly  4 .2  m in u te s .  T y p ic a l  chrom atogram s 

o f  a  sam ple  i r r a d i a t e d  a t  50 kGy and a c o n t r o l  a r e  p r e s e n t e d  a s  

d iag ram s  6 .1  and 6 . 2 .  As t h e  i r r a d i a t i o n  do se  i n c r e a s e d  t h e  peak a r e a  

under  t h e  s eco n d  peak i n c r e a s e d  w h i le  t h e  a r e a  u n d e r  t h e  Chlorpropham  

peak d e c r e a s e d .  The mean c o n c e n t r a t i o n s  o f  Chlorpropham  found in  

s o l u t i o n s  a t  each  dose  were c a l c u l a t e d  and e x p r e s s e d  a s  a p e r c e n ta g e  

o f  C hlorpropham  p r e s e n t  b e f o r e  i r r a d i a t i o n  a s  r e p r e s e n t e d  by  th e  

c o n t r o l  c o n c e n t r a t i o n s  m easu red . These v a lu e s  were p l o t t e d  a g a i n s t  

dose  r e c e i v e d  i n  g ra p h  6 .1 .
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The i n c r e a s i n g  c o n c e n t r a t i o n  o f  t h e  second unknown compound c o u ld  

n o t  be q u a n t i f i e d  r e a d i l y  a t  low er d o se s  a s ,  i n  com parison  t o  t h e  

Chlorpropham  p e a k ,  i t s  a r e a  was to o  sm a l l  f o r  a c c u r a t e  m easu rem en t. A 

f u r t h e r  d i f f i c u l t y  e n c o u n te re d  in  q u a n t i f y i n g  t h e  unknown compound was 

t h a t  t h e  r e s p o n s e  o f  t h e  F . I .D .  t o  i t  was unknown. As a f i r s t  

a p p ro x im a t io n ,  how ever, i t  was d e c id e d  t o  e x p r e s s  t h e  m e a s u ra b le  

p e a k s ,  t h a t  i s  t h o s e  a t  h ig h e r  i r r a d i a t i o n  d o s e s ,  a s  a  p e r c e n ta g e  o f  

th e  n o n - i r r a d i a t e d  Chlorpropham  peak a r e a .  By u s in g  t h i s  method i t  

was c a l c u l a t e d  t h a t  t h e  mean c o n c e n t r a t i o n  o f  t h e  unknown compound was 

3 .9  ppm i n  s o l u t i o n s  i r r a d i a t e d  a t  50 kGy and  1 .3  ppm i n  th o s e  

i r r a d i a t e d  a t  40 kGy. C o n c e n t r a t io n s  i n  s o l u t i o n s  i r r a d i a t e d  a t  30 

and 20 kGy were to o  low t o  be d e te rm in e d .

6 .3 .2  I r r a d i a t i o n  o f  Chlorpropham  i n  hexane s o l u t i o n

E x p e r im e n ta l

The p ro c e d u r e  d e s c r i b e d  i n  s e c t i o n  6 .3 .1  was r e p e a t e d  u s in g  g l a s s  

d i s t i l l e d  g r a d e  hexane  (R a th b u rn ,  U.K.) a s  t h e  s o l v e n t  f o r  

C hlorpropham .

R e s u l t s

Two p e a k s  a p p e a re d  i n  t h e  chrom atogram s o f  i r r a d i a t e d  s o l u t i o n s  a t  

a l l  d o s e s  u s e d .  One peak had a r e t e n t i o n  t im e  c o n s i s t e n t  w i th  t h a t  o f  

C hlorpropham . The second  peak o f  a n  unknown compound was found  t o  

i n c r e a s e  w i th  r a d i a t i o n  dose  r e c e i v e d .  T y p ic a l  chrom atogram s o f  a 

c o n t r o l  C hlorpropham  s o l u t i o n  and a s o l u t i o n  i r r a d i a t e d  a t  50 kGy a r e  

p r e s e n te d  a s  d iag ram s  6 .3  and 6 .4  r e s p e c t i v e l y .
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The c o n c e n t r a t i o n  o f  Chlorpropham  re m a in in g  i n  i r r a d i a t e d  s o l u t i o n s  

was c a l c u l a t e d  and e x p re s s e d  r e l a t i v e  t o  t h a t  o f  Chlorpropham  i n  

n o n - i r r a d i a t e d  s o l u t i o n s .  Nominal c o n c e n t r a t i o n s  o f  t h e  unknown 

compound were c a l c u l a t e d  and e x p re s s e d  i n  t h e  m anner d e s c r i b e d  in  

s e c t i o n  6 . 3 . 1 .  The p e rc e n ta g e  o f  Chlorpropham  re m a in in g  a f t e r  

i r r a d i a t i o n  and o f  t h e  unknown compound were p l o t t e d  a g a i n s t  dose 

r e c e iv e d  i n  g ra p h  6 . 2 .  The nom inal c o n c e n t r a t i o n s  o f  t h e  unknown 

compound c a l c u l a t e d  a r e  t a b u l a t e d  i n  t a b l e  6 .3 .

*
T a b le  6 . 3 .  Nominal c o n c e n t r a t i o n s  o f  unknown compound formed 

by i r r a d i a t i o n  o f  Chlorpropham  i n  hexane s o l u t i o n .

R a d i a t i o n  Dose (kGy) 0 10 20 30 40 50

C o n c e n t r a t i o n  o f

Unknown Compound (ppm) 0 13.24 2 4 .0 2  3 2 .03  3 3 .06  4 5 .92

#
Each v a lu e  i s  t h e  mean o f  two r e p l i c a t e  s a m p le s .

6 . 3 . 3  C o n c lu s io n s

As can be se en  from g ra p h s  6 .1  and 6 .2  t h e  s e n s i t i v i t y  o f  

C hlorpropham  t o  r a d i o l y s i s  i s  h i g h l y  dependen t  on t h e  s o l v e n t  i n  w hich 

i t  i s  i r r a d i a t e d .  Chlorpropham  i r r a d i a t e d  i n  m ethano l  s o l u t i o n  i s  n o t  

d e g rad ed  g r e a t l y  a t  r a d i a t i o n  d o se s  o f  up t o  50 kGy, some 87% i s  

r e t a i n e d  a t  t h a t  d o s e .  Chlorpropham  i r r a d i a t e d  i n  hexane s o l u t i o n  i s  

much more s e n s i t i v e  t o  r a d i o l y t i c  breakdow n, 41% i s  d e g ra d e d  by a d o se  

o f  10 kGy and o n ly  20% i s  r e t a i n e d  i n t a c t  a t  a dose  o f  50 kGy.

The combined p e r c e n ta g e s  o f  Chlorpropham  and p r o d u c t s  do n o t  

a c co u n t  f o r  100% o f  t h e  i n i t i a l  Chlorpropham  c o n c e n t r a t i o n .  T h is  may
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im ply  t h a t  o t h e r ,  u n r e s o lv e d ,  components o f  r a d i o l y s i s  a r e  b e in g  

fo rm ed . P o s s i b l e  mechanism s by which th e y  may be form ed i n c l u d e  th e  

c o u p l in g  o r  p o l y m e r i s a t i o n  o f  more th a n  one Chlorpropham  m o le c u le ,  a s  

o b s e rv e d  by Tanaka e t  a L  (1984) i n  t h e  U.V. r a d i o l y s i s  o f  Monuron, o r  

th e  f o rm a t io n  o f  o t h e r  monomeric p r o d u c t s  a t  c o n c e n t r a t i o n s  to o  low t o  

d e t e c t  by t h e  m ethod employed.

In  o r d e r  t o  e x p l a i n  t h e  d i f f e r e n c e  i n  s e n s i t i v i t y  o f  C hlorpropham  

t o  i r r a d i a t i o n  i n  m eth an o l  and hexane some knowledge o f  t h e  n a t u r e  o f  

th e  p r o d u c t s  form ed from  Chlorpropham  i s  r e q u i r e d .  T h is  s u b j e c t  i s  

d e a l t  w i th  i n  more d e t a i l  i n  s e c t i o n  6 .6  and a d i s c u s s i o n  o f  th e  

mechanisms o f  Chlorpropham  and Tecnazene  r a d i o l y s i s  i s  t o  be  found  i n  

s e c t i o n  6 . 7 .

6 .4  I r r a d i a t i o n  o f  T ecnazene  i n  m ethano l  and  hexane

The e x p e r im e n ta l  p ro c e d u re  used  t o  i n v e s t i g a t e  t h e  r a d i o l y s i s  o f  

Chlorpropham  i n  s e c t i o n  6 .3  was used  i n  t h i s  s e c t i o n  t o  s tu d y  t h e  

e f f e c t  o f  i r r a d i a t i o n  on Tecnazene s o l u t i o n s .

6 .4 .1  I r r a d i a t i o n  o f  Tecnazene i n  m ethano l  s o l u t i o n

E x p e r im e n ta l

The p ro c e d u r e  d e s c r i b e d  i n  s e c t i o n  6 .3 .1  was r e p e a t e d  f o r  T ecnazene  

r a d i o l y s i s  i n  m eth an o l  s o l u t i o n .  The T ecnazene u sed  was t e c h n i c a l  

g r a d e ,  m a n u fa c tu re d  by A ld r ic h  (U .K .) .
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R e s u l t s

A s i n g l e  peak  was p r e s e n t  i n  t h e  chrom atogram s o f  e a ch  s o l u t i o n ,  

t h e  a r e a  u n d e r  w hich d e c re a s e d  w i th  d o s e .  T y p ic a l  chrom atogram s o f  a 

n o n - i r r a d i a t e d  s o l u t i o n  and a s o l u t i o n  i r r a d i a t e d  a t  50 kGy a r e  

p r e s e n t e d  i n  d iag ram s  6 .5  and 6 .6 .

The c o n c e n t r a t i o n  o f  Tecnazene re m a in in g  i n  i r r a d i a t e d  s o l u t i o n s  

was c a l c u l a t e d  and e x p re s s e d  r e l a t i v e  t o  t h a t  o f  T ecnazene in  n o n 

i r r a d i a t e d  s o l u t i o n s  a s  d e s c r ib e d  i n  s e c t i o n  6 . 3 . 2  f o r  C h lo rp ropham . 

The p e r c e n ta g e  o f  Tecnazene  re m a in in g  a f t e r  i r r a d i a t i o n  was p l o t t e d  

a g a i n s t  d o se  r e c e iv e d  (g raph  6 .3) ,
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6 . 4 . 2  I r r a d i a t i o n  o f  Tecnazene  i n  hexane  s o l u t i o n

E x p e r im e n ta l

The p ro c e d u r e  d e s c r i b e d  i n  s e c t i o n  6 .3 .1  was r e p e a t e d  f o r  T ecnazene 

r a d i o l y s i s  i n  hexane  s o l u t i o n .  The Tecnazene u sed  was t e c h n i c a l  

g r a d e ,  m a n u fa c tu re d  by A ld r ic h  (U .K .) .

R e s u l t s

A s i n g l e  peak  was p r e s e n t  on th e  chrom atogram s o f  e a ch  s o l u t i o n ,  

t h e  a r e a  o f  w hich d e c re a s e d  w i th  d o s e .  By com parison  w i th  s t a n d a r d s  

t h i s  was found  t o  r e p r e s e n t  T ecnazene . T y p ic a l  chrom atogram s o f  a 

n o n - i r r a d i a t e d  s o l u t i o n  and a s o l u t i o n  i r r a d i a t e d  a t  50 kGy a r e  

p r e s e n te d  i n  d iag ram s  6 .7  and 6 . 8 .

The c o n c e n t r a t i o n  o f  Tecnazene r e m a in in g  i n  i r r a d i a t e d  s o l u t i o n s  

was c a l c u l a t e d  and e x p re s s e d  r e l a t i v e  t o  t h a t  o f  T ecnazene i n  non 

i r r a d i a t e d  s o l u t i o n s  a s  d e s c r ib e d  i n  s e c t i o n  6 . 3 . 2  f o r  C hlo rp ropham . 

The p e r c e n ta g e  o f  T ecnazene r e m a in in g  a f t e r  i r r a d i a t i o n  was p l o t t e d  

a g a i n s t  d o se  r e c e iv e d  i n  g ra p h  6 .4 .
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6 . 4 . 3  C o n c l u s io n s

The s e n s i t i v i t y  o f  Tecnazene t o  r a d i o l y t i c  breakdown i s  g r e a t e r  i n  

m ethano l  s o l u t i o n  th a n  i n  hexane  s o l u t i o n  a s  can be s e e n  from  g r a p h s

6 .3  and 6 . 4 .  T h is  i s  i n  c o n t r a s t  t o  t h e  r e s u l t s  o b t a in e d  i n  t h e  s tu d y  

o f  Chlorpropham  r a d i o l y s i s  where g r e a t e r  breakdown was o b se rv e d  when 

Chlorpropham  was d i s s o l v e d  i n  h ex an e .  The d i f f e r e n t  s e n s i t i v i t i e s  o f  

t h e  two compounds t o  i r r a d i a t i o n  i n  m ethano l  and hexane s o l u t i o n  a r e  

more f u l l y  d i s c u s s e d  i n  s e c t i o n  6 . 7 .

6 .5  I r r a d i a t i o n  o f  Tecnazene f o r m u la t io n s

6 .5 .1  E x t r a c t i o n  o f  Tecnazene from  f o r m u la t io n s

As a  f i r s t  s t e p  i n  d e te r m in in g  t h e  s e n s i t i v i t y  o f  T ecnazene  in  

com m ercial  f o r m u la t io n s  t o  r a d i o l y s i s  a  method f o r  t h e  e x t r a c t i o n  o f  

Tecnazene from  f o r m u la t io n s  was d e v e lo p e d .  Two main e x t r a c t i o n  

m ethods w ere  com pared; S o x h le t  e x t r a c t i o n  and s h a k in g  t h e  f o r m u la t io n  

w i th  a  known volume o f  e x t r a c t i n g  s o l v e n t .  Each ty p e  o f  e x t r a c t i o n  

was c a r r i e d  o u t  f o r  v a ry in g  l e n g t h s  o f  t im e  and i n  a l l  c a s e s  a s i n g l e  

f o r m u l a t i o n ,  F u s a re x ,  was e x t r a c t e d  f o r  t h e  c o m p a r is o n s .

S o x h le t  e x t r a c t i o n  o f  F u sa re x

E x p e r im e n ta l

A p p ro x im a te ly  0 .5  g o f  F u sa re x  ( I . C . I . ,  U .K .) was w eighed  

a c c u r a t e l y  i n t o  e i g h t  30 mm X 80 mm S o x h le t  t h im b le s  (Whatman, U .K.) 

and a  p lu g  o f  c o t t o n  wool i n s e r t e d  i n t o  t h e  t h i m b l e .  Each th im b le  and 

two empty c o n t r o l  t h im b le s  w i th  c o t t o n  wool p lu g s  w ere  p la c e d  i n t o  t h e
3

th im b le  chamber o f  a  60cm S o x h le t  e x t r a c t o r .  The S o x h le t  e x t r a c t o r s  

were f i l l e d  w i th  H .P .L .C . g ra d e  m ethano l  (R a th b u rn ,  U .K .) ,  d r a in e d



3
i n t o  150 cm f l a t  bo ttom ed  f l a s k s  and r e f i l l e d  w i th  m eth an o l  u n t i l  50 

3
cm o f  m ethano l  had been  added t o  e a c h .

The S o x h le t  e x t r a c t o r s  were mounted on h e a t i n g  u n i t s  and T ecnazene

e x t r a c t e d .  H a l f  o f  t h e  F u sa re x  sa m p le s ,  and one o f  t h e  c o n t r o l s ,  were

e x t r a c t e d  f o r  4 h o u r s ,  t h e  r e m a in d e r  f o r  a  f u r t h e r  f o u r  h o u r s .  At t h e

end o f  t h e  a p p r o p r i a t e  e x t r a c t i o n  t im e  th e  e x t r a c t o r s  w ere  removed

from  t h e  h e a t  f o r  1 h o u r  t o  c o o l .  The e x t r a c t o r s  were th e n  t i l t e d  t o

d r a i n  any  s o l v e n t  r e m a in in g  i n  t h e  th im b le  cham bers i n t o  t h e  f l a s k s

which w ere  th e n  s to p p e r e d  and l e f t  t o  c o o l  t o  room t e m p e r a t u r e .  The

c o n t e n t s  o f  each  f l a s k  was th e n  t r a n s f e r r e d  w i th  w ash ings  i n t o  a  100 
3

cm v o lu m e t r i c  f l a s k  and made up t o  t h e  mark w i th  m e th a n o l .

The c o n c e n t r a t i o n  o f  T ecnazene p r e s e n t  i n  each  s o l u t i o n  was 

d e te rm in e d  by th e  G .L .C . method d e s c r i b e d  i n  s e c t i o n  6 . 2 .

R e s u l t s

The p e r c e n ta g e  T ecnazene e x t r a c t e d  from  each  sam ple  o f  F u s a re x  was
_1

c a l c u l a t e d  (g Tecnazene  100 g F u sa re x )  and i s  d i s p l a y e d  i n  t a b l e  

6 . 4 .  Tecnazene  was n o t  d e t e c t e d  i n  c o n t r o l  s o l u t i o n s .

T ab le  6 . 4 .  P e r c e n ta g e  Tecnazene  e x t r a c t e d  from  F u sa re x  f o r m u la t io n  

by S o x h le t  m ethod.

Time e x t r a c t e d  (h o u rs )  % e x t r a c t a b l e  S ta n d a rd
Tecnazene* D e v ia t i o n

4 3 .0 7  0 .1 9 9

8 3 .0 7  0 .059

each  v a lu e  i s  t h e  mean o f  4 r e p l i c a t e  e x t r a c t i o n s .
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An a n a l y s i s  o f  v a r i a n c e  p ro c e d u re  was c a r r i e d  o u t  t o  d e te rm in e  

w h e th e r  t im e  o f  e x t r a c t i o n  a f f e c t e d  t h e  p e r c e n ta g e  e x t r a c t a b l e  

T ecn azen e .  The F - s t a t i s t i c  o f  0 .00058  i s  v e ry  much s m a l l e r  t h a n  t h e  

t a b u l a t e d  F - s t a t i s t i c  o f  5 .987  f o r  t h e  a p p r o p r i a t e  d e g re e s  o f  f reedom  

a t  t h e  5% c o n f id e n c e  l e v e l .  T h is  i n d i c a t e s  t h a t  t h e  p e rc e n ta g e  

e x t r a c t a b l e  T ecnazene from  F u sa rex  i s  n o t  s i g n i f i c a n t l y  i n c r e a s e d  by 

e x te n d in g  t h e  S o x h le t  e x t r a c t i o n  t im e  from 4 t o  8 h o u r s .

E x t r a c t i o n  o f  F u sa re x  by s h a k in g  w i th  m eth an o l

E x p e r im e n ta l

A p p ro x im a te ly  0 .2  g o f  F u sa re x  was weighed a c c u r a t e l y  i n t o  16, 120

3 3cm g l a s s  j a r s  w i th  p l a s t i c  sc rew  c a p s .  A 50 cm a l i q u o t  o f  H .P .L .C .

g ra d e  m e th a n o l  was t r a n s f e r r e d  i n t o  e ach  j a r  and  i n t o  e a ch  o f  8 empty

c o n t r o l  j a r s .  The j a r s  were th e n  c lo s e d  and shaken  on an e n d -o v e r - e n d

s h a k e r .  Four d u r a t i o n s  o f  s h a k in g  were compared; 6 ,  12, 24 and 48

h o u r s .  A f t e r  e a ch  t im e  i n t e r v a l  4 j a r s  c o n t a i n i n g  f o r m u la t io n  and

e x t r a c t  and 2 c o n t r o l  j a r s  were removed from  t h e  s h a k e r .  Sam ples and

c o n t r o l s  were f i l t e r e d  th ro u g h  Whatman No.1 f i l t e r  p a p e r  (Whatman,
3

U.K.) w i th  w a sh in g s  i n t o  100 cm v o lu m e t r i c  f l a s k s  and made up t o  100 

3
cm w i th  m e th a n o l .

The c o n c e n t r a t i o n  o f  Tecnazene p r e s e n t  i n  e a ch  s o l u t i o n  was 

d e te rm in e d  by t h e  G .L .C . method d e s c r i b e d  i n  s e c t i o n  6 . 2 .
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R e s u l t s

The p e r c e n ta g e  Tecnazene  e x t r a c t e d  from each  sam ple o f  F u s a re x  was
_ 1

c a l c u l a t e d  (g T ecnazene  100 g F u sa re x )  r e l a t i v e  t o  t h e  same p r im a ry  

s t a n d a r d  used  f o r  S o x h le t  e x t r a c t  measurem ent and i s  d i s p l a y e d  in  

t a b l e  6 . 5 .  T ecnazene  was n o t  d e t e c t e d  i n  t h e  c o n t r o l  s o l u t i o n s .

T a b le  6 . 5 .  P e r c e n ta g e  Tecnazene e x t r a c t e d  from  F u sa re x  f o r m u la t io n  

by s h a k in g  w i th  m e th a n o l .

Time e x t r a c t e d  (h o u rs ) % e x t r a c t a b l e  
Tecnazene*

S ta n d a r d
D e v ia t io n

6 2 .4 2 0 .044

12 2 .4 4 0 .005

24 2 .4 2 0 .119

48 2 .3 7 0 .020

e ach  v a lu e  i s  t h e  mean o f  4 r e p l i c a t e  e x t r a c t i o n s . .

An a n a l y s i s  o f  v a r i a n c e  p r o c e d u re  was c a r r i e d  o u t  t o  d e te rm in e  

w h e th e r  d u r a t i o n  o f  s h a k in g  a f f e c t e d  th e  p e rc e n ta g e  e x t r a c t a b l e  

T ecn azen e .  The c a l c u l a t e d  F - s t a t i s t i c  o f  0 .911  i s  s m a l l e r  th a n  th e  

t a b u l a t e d  F - s t a t i s t i c  o f  3 .885  f o r  t h e  a p p r o p r i a t e  d e g re e s  o f  freedom  

a t  t h e  5% s i g n i f i c a n c e  l e v e l .  T h is  i n d i c a t e s  t h a t  t h e  p e rc e n ta g e  

e x t r a c t a b l e  T ecnazene from  F u sa re x  i s  n o t  s i g n i f i c a n t l y  i n c r e a s e d  by 

e x te n d in g  t h e  s h a k in g  t im e  from 6 t o  48 h o u r s .
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Choice  o f  e x t r a c t i o n  method

The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  o f  m ethods f o r  t h e  e x t r a c t i o n  o f  

Tecnazene  from  F u sa re x  d e m o n s t ra te  t h a t  e x t r a c t i o n  t im e  was o f  l i t t l e  

consequence  i n  d e te r m in in g  t h e  p e rc e n ta g e  T ecnazene e x t r a c t a b l e  by 

e i t h e r  S o x h le t  e x t r a c t i o n  o r  by s h a k in g .  S o x h le t  e x t r a c t i o n  was more 

e f f e c t i v e  i n  e x t r a c t i n g  Tecnazene from F u sa re x  th a n  s h a k in g .  T h is  may 

be b e c a u se  f r e s h  s o l v e n t  was c o n s t a n t l y  c i r c u l a t e d  i n  t h e  S o x h le t  

e x t r a c t i o n  sy s tem  w h i le  shaken  sam ples  may have r e a c h e d  an  e q u i l i b r i u m  

w i th  t h e  s o l v e n t .  I f  i t  i s  assumed t h a t  S o x h le t  e x t r a c t i o n  

e x h a u s t i v e l y  e x t r a c t s  T e c n azen e ,  s h a k in g ,  by c o m p a r is o n ,  e x t r a c t s  

a p p ro x im a te ly  80% o f  t h e  t o t a l  e x t r a c t a b l e  T ecnazene . A lthough  

s h a k in g  i s  t h u s  l e s s  e f f e c t i v e  a t  e x t r a c t i n g  Tecnazene  i t  can b e  se en  

from th e  s t a n d a r d  d e v i a t i o n s  i n  t a b l e  6 .5  t h a t ,  a s  w i th  S o x h le t  

e x t r a c t i o n ,  a  c o n s i s t e n t  p e rc e n ta g e  o f  t h e  t o t a l  T ecnazene  was 

e x t r a c t e d .

A r e q u i r e m e n t  o f  t h e  e x t r a c t i o n  method t o  be employed i n  s t u d y i n g  

Tecnazene  f o r m u l a t i o n s  i n  t h i s  s tu d y  i s  t h a t  t h e  method s h o u ld  e x t r a c t  

a  c o n s i s t e n t  p e r c e n t a g e ,  and i f  p o s s i b l e  a l l ,  o f  t h e  T ecnazene  i n  a 

sam ple o f  i r r a d i a t e d  f o r m u la t io n .  A f u r t h e r  r e q u i r e m e n t  i s  t h a t  t h e  

method s h o u ld  be  a b l e  t o  e f f i c i e n t l y  cope w i th  t h e  number o f  s a m p le s  

r e q u i r e d  f o r  t h e  n e c e s s a r y  c o m par isons  i n  s u b s e q u e n t  e x p e r im e n t s .

A lthough  S o x h le t  e x t r a c t i o n  f u l f i l l s  t h e  f i r s t  r e q u i r e m e n t  i t  i s  a 

t im e  consum ing p r o c e s s  when compared t o  t h e  s h a k in g  p r o c e d u re  u s e d .

I n  o r d e r  t o  m easure  t h e  r e s p o n s e  o f  i r r a d i a t e d  f o r m u la t io n s  o v e r  t h e  

dose  ra n g e  e n v is a g e d  w i th  p r o p e r  r e p l i c a t i o n  28 sam p les  w ere  t o  be 

e x t r a c t e d  s im u l t a n e o u s l y .  The equ ipm ent n e c e s s a r y  f o r  t h e  number o f  

sam p les  t o  be ru n  was n o t  a v a i l a b l e  and a d d i t i o n a l l y  such  a  l a r g e
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number o f  sam p les  would have  been d i f f i c u l t  t o  e x t r a c t  s im u l t a n e o u s l y .  

Thus i t  was d e c id e d  t o  u se  th e  sh a k in g  method i n  f u r t h e r  f o r m u la t io n  

s t u d i e s .

I t  i s  w o r th  n o t in g  t h a t  s i n c e  t h e  d e g re e  o f  breakdown i n  i r r a d i a t e d  

f o r m u la t io n s  was t o  be m easured  i n  r e l a t i o n  t o  n o n - i r r a d i a t e d  

f o r m u l a t i o n s  t h e  a b s o l u t e  p e r c e n ta g e  T ecnazene e x t r a c t e d  i s  n o t  o f  

c r i t i c a l  im p o r ta n c e  i f  t h e  p e r c e n ta g e  o f  t h e  t o t a l  Tecnazene  p r e s e n t  

e x t r a c t e d  i s  c o n s i s t e n t .

6 . 5 . 2  I r r a d i a t i o n  o f  F u s a re x ,  H o r tag  and Bygran S 

E x p e r im e n ta l

A p p ro x im a te ly  10 -  15 g o f  F u sa re x  was weighed i n t o  each  o f  tw e lv e  

g l a s s  w e ig h in g  b o t t l e s  and th e  l i d s  s e a l e d  on w i th  t e f l o n  t a p e  (James 

W alker, U .K . ) .  These b o t t l e s  were t r a n s p o r t e d  t o  t h e  S .U .R .R .C .  and  

two r e p l i c a t e s  o f  each  dose  were i r r a d i a t e d  i n  t h e  c e n t r a l  two 

p o s i t i o n s  o f  t h e  wooden i r r a d i a t i o n  s ta n d  a s  p r e v i o u s l y  d e s c r i b e d  i n  

s e c t i o n  6 . 2 .  The d o s e s  u sed  were 0 ,  10, 20 , 30, 40 and 50 kGy.

One 0 .2  g su b -sa m p le  o f  each  o f  t h e s e  F u s a re x  sa m p le s  was th e n  

e x t r a c t e d  by s h a k in g  w i th  m ethano l  f o r  6 h o u rs  i n  t h e  m anner d e s c r i b e d  

i n  s e c t i o n  6 . 5 . 1 .  The c o n c e n t r a t i o n  o f  Tecnazene p r e s e n t  i n  e ach  

s o l u t i o n  was d e te rm in e d  by th e  G .L .C . method d e s c r i b e d  in  s e c t i o n  6 . 2 .

T h is  p r o c e d u re  was r e p e a t e d  u s in g  t h e  Tecnazene  f o r m u la t io n s  H o r ta g  

(Avon P a c k e r s ,  U .K .) and Bygran S (W heatly  C he m ic a ls ,  U .K . ) .  F u sa re x  

d u s t  was n o m in a l ly  3% T ecn azen e ,  H o r tag  5% and Bygran S 7.5% The o n ly  

amendment made t o  t h e  p r o c e d u re  used  was i n  t h e  f i l t r a t i o n  o f  H o r ta g  

e x t r a c t s  w hich  had a p p e a re d  c lo u d y  a f t e r  f i l t r a t i o n  th ro u g h  Whatman 

N o .1 f i l t e r  p a p e r s  i n  p r e l i m i n a r y  e x p e r im e n t s .  H o r tag  e x t r a c t s  were
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i n s t e a d  f i l t e r e d  th ro u g h  Whatman N o .40 f i l t e r  p a p e r s  (Whatman, U .K .) .

R e s u l t s

A s i n g l e  peak  was p r e s e n t  i n  t h e  chrom atogram s o f  e a ch  e x t r a c t ,  

w h ich , by c o m p ar iso n  w i th  s t a n d a r d s ,  was found t o  r e p r e s e n t  T ecnazene . 

The c o n c e n t r a t i o n  o f  Tecnazene  r e m a in in g  i n  e x t r a c t s  o f  i r r a d i a t e d  

f o r m u la t io n s  was c a l c u l a t e d  and e x p re s s e d  r e l a t i v e  t o  t h a t  o f  

T ecnazene i n  t h e  e x t r a c t s  o f  n o n - i r r a d i a t e d  f o r m u l a t i o n s  a s  d e s c r i b e d  

i n  s e c t i o n  6 . 3 . 2 .  The p e rc e n ta g e  o f  t h e  i n i t i a l  Tecnazene  c o n te n t  

r e m a in in g  a f t e r  i r r a d i a t i o n  was p l o t t e d  a g a i n s t  t h e  d o se  r e c e iv e d  f o r  

e ach  f o r m u la t io n  i n  g ra p h s  6 .5  t o  6 . 7 .
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C o n c l u s io n s

From g ra p h s  6 .5  t o  6 .7  i t  can  be s e e n  t h a t  t h e  p e r c e n ta g e s  o f  

Tecnazene  e x t r a c t e d  from  i r r a d i a t e d  F u s a re x ,  Bygran S and  H o r ta g  were 

n o t  a p p r e c i a b l y  low er  th a n  th e  p e r c e n ta g e s  e x t r a c t e d  f r a n  non 

i r r a d i a t e d  c o n t r o l s  o v e r  t h e  dose ra n g e  c o n s id e r e d .  I t  s h o u ld  be 

n o t e d ,  how ever, t h a t  a  s i g n i f i c a n t  d e g re e  o f  v a r i a b i l i t y  s t i l l  e x i s t s  

w i t h i n  r e p l i c a t e  t r e a t m e n t s  and i n  some c a s e s  p e r c e n ta g e  e x t r a c t a b l e  

T ecnazene v a lu e s  f r a n  i r r a d i a t e d  sam p les  exceed  100% o f  t h e  

a p p r o p r i a t e  c o n t r o l  v a l u e s .  T h is  v a r i a b i l i t y  i s  p a r t i c u l a r l y  

n o t i c e a b l e  i n  H o r ta g  e x t r a c t s .  H o r tag  e x t r a c t s  were f i l t e r e d  th ro u g h  

Whatman No.AO f i l t e r  p a p e rs  r a t h e r  th a n  N o .1 f i l t e r  p a p e r s  and t h i s  

may have  in t r o d u c e d  v a r i a b i l i t y  by an unknown m eans.

T h e r e f o r e  i n  d raw in g  c o n c lu s io n s  from t h e s e  r e s u l t s  t h e  d e g re e  o f  

v a r i a b i l i t y  o b s e rv e d  must be bo rne  i n  m ind. D i f f e r e n c e s  i n  t h e  

p e r c e n ta g e  d e g r a d a t i o n  o f  Tecnazene  o f  l e s s  t h a n  5% i n  most c a s e s  and 

10 -  15% i n  t h e  c a s e  o f  H o r tag  e x t r a c t s  c a n n o t  be d e m o n s t ra te d  w i th  

any r e a l  c o n f id e n c e .

Some im p o r ta n t  i n f e r e n c e s  a b o u t  t h e  breakdown o f  Tecnazene  i n  

f o r m u la t io n s  can  s t i l l  be made. F i r s t l y  t h e r e  a p p e a re d  t o  be no  l a r g e  

d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y  o f  T ecnazene t o  r a d i o l y s i s  be tw een  t h e  

f o r m u l a t i o n s  i r r a d i a t e d .  S econd ly  any breakdown o f  Tecnazene  w hich 

d id  o c c u r  was s m a l l  i n  com parison  t o  t h a t  o b s e rv e d  i n  i r r a d i a t i n g  

T ecnazene  i n  s o l u t i o n ,  p a r t i c u l a r l y  i n  m ethano l  s o l u t i o n .

T here  a r e  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  o f  t h e  l a t t e r  o b s e r v a t i o n .  

I t  h a s  been  shown t h a t  r a d i o l y t i c  breakdown shows a marked 

c o n c e n t r a t i o n  e f f e c t .  I f  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  a  s o l u t e  a r e  

i r r a d i a t e d  t o  t h e  same dose a g r e a t e r  p e r c e n ta g e  o f  t h e  more d i l u t e
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s o l u t i o n  w i l l  be  a l t e r e d .  T h is  o c c u rs  b e c au se  a g iv e n  r a d i a t i o n  dose  

p ro d u c e s  t h e  same number o f  p r im a ry  r a d i o l y t i c  s p e c i e s  i n  t h e  two 

s o l u t i o n s .  As most m o le c u le s  p r e s e n t  i n  a  100 ppm s o l u t i o n  o f  

Tecnazene  a r e  s o l v e n t  m o le c u le s  most p r im a ry  r a d i o l y t i c  s p e c i e s  w i l l  

be d e r iv e d  from th e  s o l v e n t .  The same number o f  s o l u t e  m o le c u le s  r e a c t  

w i th  p r im a ry  r a d i o l y t i c  s p e c i e s  i n  each  s o l u t i o n  b u t  t h a t  number 

r e p r e s e n t s  a  l a r g e r  p e r c e n ta g e  o f  th e  number o f  s o l u t e  m o le c u le s  i n  

t h e  more d i l u t e  s o l u t i o n .  At h ig h  c o n c e n t r a t i o n s  t h e  c o n c e n t r a t i o n  

e f f e c t  i s  l e s s  a p p l i c a b l e  a s  a  g r e a t e r  number o f  t h e  s o l u t e  m o le c u le s  

a r e  d i r e c t l y  a f f e c t e d  by r a d i a t i o n .  A 100 ppm s o l u t i o n  o f  T ecnazene 

c o n t a i n s  o n ly  0.1% Tecnazene  compared t o  3 -  7.5% Tecnazene  i n  

f o r m u l a t i o n s .

An a l t e r n a t i v e  e x p la n a t i o n  o f  t h e  d i f f e r e n c e s  i n  d e g re e  o f  

breakdown i s  t h a t  t h e  a d s o r b a n t s  used  i n  Tecnazene  f o r m u la t io n s  

p r o v id e  a much more i n e r t  medium th a n  f r e e  s o l u t i o n .  I n  s o l u t i o n  

Tecnazene  m o le c u le s  a r e  f r e e  t o  r e a c t  w i th  any s p e c i e s  p roduced  i n  

s o l u t i o n  by i r r a d i a t i o n ,  t h e  im p o r ta n c e  o f  t h e  n a t u r e  o f  t h e  s o l v e n t  

u sed  has  a l r e a d y  been d e m o n s t r a te d .  Tecnazene  a d s o rb e d  i n  a 

f o r m u la t io n  i s  n o t  a s  f r e e  t o  d i f f u s e  and r e a c t  w i th  s o l v e n t  d e r i v e d  

s p e c i e s  and t h e r e f o r e  l e s s  breakdown may be o b s e rv e d .

The l e v e l  o f  breakdown o f  Tecnazene  i n  f o r m u la t io n s  and i n  s o l u t i o n  

may n o t  t h e r e f o r e  be  r e a d i l y  c o m p a rab le .  The d e s ig n  o f  e x p e r im e n ts  

w hich a r e  c a p a b le  o f  m e a su r in g  s m a l l  d e g r e e s  o f  breakdown o f  T ecnazene  

w i t h i n  f o r m u la t io n s  i s  r e q u i r e d ,  a l t h o u g h  t h i s  may be d i f f i c u l t  w h i le  

t h e  d e g re e  o f  v a r i a b i l i t y  found  i n  m easurem ents  i n  t h i s  s tu d y  r e m a in s .  

A l t e r n a t i v e l y ,  a  v a l i d  com parison  c o u ld  be made by i r r a d i a t i n g  

Tecnazene f o r m u l a t i o n s  o f  much low er  Tecnazene  c o n t e n t .  T h is  s tu d y
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h as  shown, how ever, t h a t  t h e r e  i s  no m ea su rab le  l a r g e  s c a l e  r a d i o l y s i s  

o f  T ecnazene  i n  i r r a d i a t e d  com m ercial f o r m u la t io n s  a t  r a d i a t i o n  d o se s  

up t o  50 kGy.

6 .6  I d e n t i f i c a t i o n  o f  r a d i o l y t i c  p r o d u c t s

6 .6 .1  I n t r o d u c t i o n

The i d e n t i f i c a t i o n  o f  t h e  compounds p roduced  by t h e  i r r a d i a t i o n  o f  

Chlorpropham  and T ecnazene d e m o n s t ra te d  i n  s e c t i o n s  6 .3  t o  6 .4  p r e s e n t  

two q u i t e  d i f f e r e n t  p rob lem s which can  be overcome u s in g  d i f f e r e n t  

c h ro m a to g ra p h ic  t e c h n i q u e s .  I r r a d i a t i o n  o f  Chlorpropham  i n  m ethano l  

o r  hexane was shown t o  p roduce  compounds some o f  w hich a r e  d e t e c t a b l e  

by G .L .C . u s in g  an F . I . D . .  Sane s t e p s  were t a k e n  i n  t h e i r  

i d e n t i f i c a t i o n  u s in g  t h a t  t e c h n i q u e .  A t tem p ts  were t h e n  made t o  

i d e n t i f y  such  r a d i o l y t i c  p r o d u c t s  u n e q u iv o c a l ly  by com bin ing  th e  

G .L .C . s e p a r a t i o n s  o f  s o l u t e s  w i th  mass s p e c t r o m e t r i c  d e t e c t i o n ,  t h a t  

i s  by G .C .M .S . .

The i r r a d i a t i o n  o f  T ecn azen e ,  how ever, r e s u l t e d  i n  i t s  r e a c t i o n  t o  

form  p r o d u c t s  none o f  which c o u ld  be  d e t e c t e d  by G .L .C . u n d e r  t h e  

c o n d i t i o n s  u s e d .  Longer d u r a t i o n  t e m p e r a tu r e  g r a d i e n t  s e p a r a t i o n s  

were c a r r i e d  o u t  i n  o r d e r  t o  d e te rm in e  w h e th e r  compounds o f  l e s s e r  o r  

g r e a t e r  v o l a t i l i t y  th a n  t h o s e  d e t e c t a b l e  unde r  t h e  s t a n d a r d  G .L .C . 

c o n d i t i o n s  were fo rm ed . No such  compounds were o b s e rv e d .  (A s i m i l a r  

i n v e s t i g a t i o n  was c a r r i e d  o u t  on i r r a d i a t e d  C hlorpropham  s o l u t i o n s  

w i th  e q u a l l y  n e g a t i v e  r e s u l t s . )  A n a l y t i c a l  t e c h n i q u e s  u t i l i s i n g  U.V. 

a b s o rb a n c e  a s  a  d e t e c t i o n  m ethod, such  a s  H .P .L .C . ,  w ere  t h e r e f o r e  

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

Tecnazene a s  G .L .C . a n a l y s i s  had  p roven  u n p r o d u c t iv e .
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6 . 6 . 2  R a d i o l y t i c  p r o d u c t s  o f  Chlorpropham  i n  m ethano l  s o l u t i o n

G .L .C . a n a l y s i s

In  s e c t i o n  6 .3  t h e  r e s u l t s  o f  t h e  i r r a d i a t i o n  o f  C hlorpropham  i n  

m ethano l  s o l u t i o n  showed t h a t  two p eak s  were v i s i b l e  i n  chrom atogram s 

o f  i r r a d i a t e d  s o l u t i o n s .  The f i r s t  s t e p s  i n  i d e n t i f y i n g  t h o s e  p eak s  

were made u s in g  G .L .C . a n a l y s i s .  I r r a d i a t e d  sam p les  were s u b j e c t e d  t o

G .L .C . a n a l y s i s  a  second  t im e  and th e  a v e ra g e  r e t e n t i o n  t im e  found  f o r  

C hlorpropham  i n  n o n - i r r a d i a t e d  s o l u t i o n s  unde r  t h e  c o n d i t i o n s  u se d  was 

c a l c u l a t e d  t o  be 3.61 m in u te s .  I n  i r r a d i a t e d  s o l u t i o n s  t h e  a v e ra g e  

r e t e n t i o n  t im e s  o f  t h e  two peaks  p r e s e n t  were 1 .84  and 3 .6 2  m in u te s  

and from  t h e s e  t im e s ,  and l a t e r  c o n f i rm in g  e v id e n c e ,  i t  was c o n c lu d e d  

t h a t  t h e  peak a t  3 .6 2  i n  i r r a d i a t e d  s o l u t i o n s  was C h lo rpropham . These 

r e t e n t i o n  t im e s  w ere  q u i t e  d i f f e r e n t  f r a n  t h o s e  found i n  t h e  f i r s t

G .L .C . a n a l y s e s  i n d i c a t i n g  a  change i n  c o n d i t i o n s  be tw een  t h e  two 

a n a l y s e s .  From th e  r e t e n t i o n  t im e s  o b t a i n e d  f r a n  t h e  seco n d  a n a l y s i s  

t h e  Rp-rpp o f  t h e  peak w i th  r e t e n t i o n  t im e  1 .84  m in u te s  was c a l c u l a t e d
v i  i v

u s in g  t h e  f o l l o w in g  f o rm u la .

Mean r e t e n t i o n  t im e  o f  r a d i o l y s i s  peak

RCIPC =  ------------------------------------------------------------------

Mean r e t e n t i o n  t im e  o f  C hlorpropham

The R o f  t h e  r a d i o l y t i c  p ro d u c t  was found  t o  be 0 .5 1 .  T h is
v i r  v

v a lu e  i s  s i m i l a r  t o  t h e  Rc ip c  o f  Propham o b se rv e d  i n  o t h e r  s t u d i e s .

As r a d i a t i o n - i n d u c e d  d e c h l o r i n a t i o n  o f  o t h e r  p e s t i c i d e s  h a s  been  

o b s e rv e d  by o t h e r  w o rk e rs  i t  was h y p o th e s i s e d  t h a t  t h e  r a d i o l y s i s  

p ro d u c t  w i th  r e t e n t i o n  t im e  o f  1 .84 m in u te s  was Propham.
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To more d i r e c t l y  compare t h e  RCj PC o f  t h e  r a d i o l y s i s  p ro d u c t  and 

Propham a 180 ppm s o l u t i o n  o f  Propham (Sigma, U .S .A .)  was p r e p a r e d  and 

s u b j e c t e d  t o  G .L .C . a n a l y s i s  c o n c u r r e n t l y  w i th  100 ppm s o l u t i o n s  o f  

i r r a d i a t e d  and n o n - i r r a d i a t e d  Chlorpropham . T h is  co m p a r iso n  was c a r r i e d  

o u t  u s in g  t h e  G .L .C . c o n d i t i o n s  o u t l i n e d  i n  s e c t i o n  6 .2  b u t  a t  column 

t e m p e r a t u r e s  o f  150°C and 140°C t o  r e s o l v e  t h e  Propham and r a d i o l y s i s  

peaks f u r t h e r  from  t h e  s o lv e n t  f r o n t .  The RPTPr. v a lu e s  f o r  Propham 

and t h e  r a d i o l y s i s  peak were b o th  0 .4 3  a t  150°C and b o th  0 .41  a t  

140°C. (The f a c t  t h a t  t h e s e  RQjp,n v a lu e s  a r e  d i f f e r e n t  from  t h o s e  

o b t a i n e d  i n  i n i t i a l  e x p e r im e n ts  i s  due t o  t h e  d i f f e r e n t  

c h ro m a to g ra p h ic  c o n d i t i o n s  used  on t h e  two o c c a s i o n s . )

These G .L .C . r e s u l t s  show t h a t  t h e  r a d i o l y t i c  p ro d u c t  h a s  t h e  same 

r e t e n t i o n  t im e  a s  Propham a t  two d i f f e r e n t  column t e m p e r a t u r e s  

p r o v id i n g  some e v id e n c e  t h a t  t h e  o r i g i n a l  h y p o t h e s i s  may be c o r r e c t .

H .P .L .C .  a n a l y s i s

U sing  t h e  H .P .L .C .  method d e s c r i b e d  i n  s e c t i o n  6 .2  i t  was found  

t h a t  C hlorpropham  had a r e t e n t i o n  t im e  o f  1 .16  m in u te s  and Propham a 

r e t e n t i o n  t im e  o f  0 .81  m in u te s .  The c a p a c i t y  f a c t o r  k '  o f  Propham was 

c a l c u l a t e d  by t h e  fo rm u la  below t o  be 1 .0 0 .

where t  i s  t h e  d i s t a n c e  from  t h e  p o i n t  o f  i n j e c t i o n  t o  t h e  peak 
r

maximum o f  Propham ( o r  o t h e r  compound o f  i n t e r e s t )  and t  i s  t h e  

d i s t a n c e  be tw een  t h e  p o i n t  o f  i n j e c t i o n  and th e  peak  maximum o f  an  

u n r e t a i n e d  compound, b o th  i n  mm.
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H .P .L .C . a n a l y s e s  o f  Chlorpropham  s o l u t i o n s  p r e p a r e d  i n  s e c t i o n  6 .3  

were c a r r i e d  o u t  a c c o r d in g  t o  t h e  method d e s c r i b e d  in  s e c t i o n  6 . 2 .

Two peaks  a p p e a re d  on th e  chrom atogram s o f  i r r a d i a t e d  s o l u t i o n s  w i th  

r e t e n t i o n  t im e s  o f  0 .7 4  and 1 .02  m in u te s .  By co m p a r iso n  w i th  

s t a n d a r d s  i t  was co n c lu d e d  t h a t  t h e  peak  w i th  r e t e n t i o n  t im e  1.02 

m in u te s  r e p r e s e n t e d  C hlorpropham . The k 1 o f  t h e  r a d i o l y s i s  peak was 

c a l c u l a t e d  t o  be 1 .0 0 .  The k* o f  t h e  r a d i o l y t i c  p r o d u c t  i s  c o n s i s t e n t  

w i th  t h a t  compound b e in g  Propham b u t  H .P .L .C . a n a l y s e s  were u n a b le  t o  

p r o v id e  c o n c lu s i v e  i d e n t i f i c a t i o n  o f  t h e  r a d i o l y t i c  p r o d u c t .

G.C .M .S. a n a l y s i s

Both G .L .C . and H .P .L .C . t e c h n iq u e s  p ro v id e d  good e v id e n c e  t o  

s u g g e s t  t h a t  t h e  r a d i o l y s i s  p ro d u c t  o b s e rv e d  may have been  Propham.

To c o n f i rm  t h i s  u n e q u iv o c a l ly  i t  was d e c id e d  t o  subm it  an i r r a d i a t e d  

C hlorpropham  s o l u t i o n  t o  G.C.M.S. a n a l y s i s .

In  o r d e r  t o  f a c i l i t a t e  t h e  G.C.M .S. i d e n t i f i c a t i o n  o f  t h e  

C hlorpropham  r a d i o l y s i s  p ro d u c t  s e v e r a l  p r e p a r a t i v e  s t e p s  had t o  be 

c a r r i e d  o u t .  Due t o  t h e  r e l a t i v e l y  low c o n c e n t r a t i o n  o f  t h e  

r a d i o l y s i s  p ro d u c t  i n  more d i l u t e  s o l u t i o n s  i t  was d e c id e d  t o  

i r r a d i a t e  a  much more c o n c e n t r a t e d  s o l u t i o n  o f  Chlorpropham  i n  

m eth an o l  and t o  u se  a h i g h e r  d o se .

_3
A 100 mg cm s o l u t i o n  o f  Chlorpropham  i n  H .P .L .C .  g ra d e  m e th a n o l

3
was p r e p a r e d  i n  a  10 cm v o lu m e t r i c  f l a s k  and  i r r a d i a t e d  a t  t h e  

S .U .R .R .C . a s  d e s c r i b e d  i n  s e c t i o n  6 .3  a t  a  d o se  o f  100 kGy. Two
3

s e r i a l  1:10 d i l u t i o n s  o f  t h a t  s o l u t i o n  were made and 1 cm a l i q u o t s  o f  

a l l  t h r e e  s o l u t i o n s  w ere  e v a p o ra te d  t o  d r y n e s s  u s in g  a B uchi 

R o tavapo r-R  r o t a r y  e v a p o r a to r  (Orme S c i e n t i f i c ,  U.K.) and r e - d i s s o l v e d  

i n  1 cm3 o f  g l a s s  d i s t i l l e d  g ra d e  h e x a n e .  The t r a n s f e r  o f  s o l u t i o n s
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from  m ethano l  t o  hexane was n e c e s s a r y  a s  t h e  G .C .M .S. sy s te m  used  f o r  

i d e n t i f i c a t i o n  used  c a p i l l a r y  G .L .C . co lum ns, t h e  s t a t i o n a r y  phase  o f  

which i s  d e g ra d e d  by m e th a n o l .

G.C.M.S. a n a l y s i s  o f  t h e  i r r a d i a t e d  s o l u t i o n s  was u n d e r ta k e n  u s in g  

f a c i l i t i e s  k i n d ly  made a v a i l a b l e  a t  t h e  Hannah I n s t i t u t e  by Dr.W. 

C h r i s t i e .  The G.C.M.S. in s t r u m e n t  c o n s i s t e d  o f  a  H e w le t t  P acka rd  

5890A g a s  ch ro m a to g rap h  f i t t e d  w i th  a  5970 s e r i e s  mass s e l e c t i v e  

d e t e c t o r .  The g a s  ch rom atog raph  was f i t t e d  w i th  a  H e w le t t  P acka rd  

U l t r a  2 c a p i l l a r y  column o f  25 m l e n g t h  and 0 .2  mm i n t e r n a l  d i a m e te r .  

The U l t r a  2 column h a s  a  bound s t a t i o n a r y  phase  o f  5% m e th y l  s i l i c o n e ,  

a  n o n - p o la r  p h a s e .

On-column i n j e c t i o n s  o f  1 u l  o f  were made o f  e a ch  o f  t h e  t h r e e  

d i l u t i o n s  o f  i r r a d i a t e d  C hlorpropham  u s in g  a H am ilton  700 s e r i e s  5 u l  

s y r i n g e  w i th  f u s e d  s i l i c a  n e e d le  (H am il ton  Bonaduz, S w i t z e r l a n d ) .  A 

t e m p e r a tu r e  g r a d i e n t  program  was used  f o r  t h e  s e p a r a t i o n s  a s  f o l l o w s .  

I n j e c t i o n s  were made a t  a  column t e m p e r a tu r e  o f  60°C, f o l lo w e d  by a 

r i s e  i n  column t e m p e r a tu r e  t o  170°C a t  a  r a t e  o f  60°C min  ̂ and a 1°C 

min” 1 r i s e  t o  210°C. Under t h e s e  c o n d i t i o n s  a  compound, l a t e r  

i d e n t i f i e d  a s  C hlorpropham , had a r e t e n t i o n  t im e  o f  34 .1  m in u te s  and 

th e  r a d i o l y s i s  p ro d u c t  had a r e t e n t i o n  t im e  o f  2 8 .7  m in u t e s .  S p e c t r a  

o f  C hlorpropham  and Propham s t a n d a r d s  w ere  a l s o  o b t a i n e d .  Mass 

s p e c t r a  o f  b o th  compounds p r e s e n t  i n  i r r a d i a t e d  s o l u t i o n s  a r e  

p r e s e n t e d  a s  d iag ra m s  6 .9  and 6 .1 0 .
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The mass s p e c t r u m  o f  t h e  compound w i t h  t h e  r e t e n t i o n  t im e  o f  3 4 .1 ,

d iag ram  6 . 9 ,  shows t h a t  i t  has  a m o le c u la r  io n  o f  m/e o f  213 .05  and a

f r a g m e n ta t io n  p a t t e r n  which was found t o  be i d e n t i c a l  t o  t h a t  o f  t h e

C hlorpropham  s t a n d a r d .  The t h e o r e t i c a l  mass o f  Chlorpropham  

35c o n t a i n i n g  Cl was c a l c u l a t e d  t o  be  2 1 3 .0 5 5 6 .  The m ost abundan t

m asses  o f  f r a g m e n t a t i o n  s p e c i e s  formed from Chlorpropham  i n  t h e

c l e a r e r  h ig h  m/e r a n g e  o f  i t s  s p e c tru m  were a t  m/e v a lu e s  o f  171, 154

and 127. These f ra g m e n ts  c an  a l s o  be s e e n  i n  t h e  sp e c t ru m  in  d iag ram

6 . 9 .  A c c u ra te  mass m easurem ents  made u s in g  h ig h  r e s o l u t i o n  mass

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

from  t h e  m o le c u la r  io n  o f  C_H. t o  m/e = 171, OH t o  m/e = 154 and  C=03 6

t o  m/e = 127. The p re s e n c e  o f  (m/e + 2) peaks  a t  m /e v a lu e s  o f  215 ,

173, 157 and 129 a t  a  r a t i o  o f  a p p ro x im a te ly  1 :3  o f  t h e  m/e peak  i s

i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  a  s i n g l e  c h l o r i n e  atom on t h e  f ra g m en t

r e m a in in g  a t  each  s t a g e .  The (m/e + 2) peaks  a r e  p ro d u ced  by th e

37f r a g m e n t a t i o n  o f  Chlorpropham  c o n t a i n i n g  th e  Cl i s o t o p e  r a t h e r  th a n  

35t h e  more abundan t  Cl i s o t o p e .  T h is  f r a g m e n t a t i o n  p a t t e r n  i n d i c a t e s  

a  s t e p w is e  d e g r a d a t i o n  o f  t h e  i s o p r o p y lc a r b a m a te  s u b s t i t u e n t  o f  t h e  

a r o m a t i c  r i n g ,  a l t h o u g h  p o s s i b l e  d i r e c t  l o s s  from e . g .  m/e 213 t o  154 

o r  127 o f  a  l a r g e r  f ra g m en t  c a n n o t  be c o m p le te ly  e x c lu d e d .

The f r a g m e n t a t i o n  p a t t e r n  o b se rv e d  i n  t h e  mass s p e c t ru m  o f  t h e  

r a d i o l y s i s  p ro d u c t  o f  Chlorpropham  w i th  a  r e t e n t i o n  t im e  o f  2 8 .7  

m in u te s  s e e n  i n  d iag ram  6 .1 0  was found  t o  be  i d e n t i c a l  t o  t h a t  o f  t h e  

Propham s t a n d a r d .  The t h e o r e t i c a l  mass o f  Propham was c a l c u l a t e d  t o  

be 179.0946 -  o n ly  one mass o f  m a jo r  abundance  o c c u r s  a s  none o f  t h e  

e le m e n ts  p r e s e n t  i n  Propham have o t h e r  i s o t o p e s  o f  h ig h  p e r c e n ta g e  

ab u n d a n ce .  The m ajo r  m/e peaks  i n  t h e  h ig h  m/e r a n g e  o f  t h e  sp e c t ru m  

o f  t h e  r a d i o l y s i s  p ro d u c t  (and  o f  Propham) a s  c a n  be  s e e n  from  d iag ram
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6 .1 0  a r e  a t  m/e v a lu e s  o f  179 (m o le c u la r  i o n ) ,  137, 120 and 93 . The 

m o le c u la r  i o n  i s  34 mass u n i t s  s m a l l e r  th a n  t h a t  o f  Chlorpropham  

i n d i c a t i n g  a m o le c u le  w i th  t h e  c h l o r i n e  atom (a to m ic  mass = 35) 

r e p l a c e d  by a hyd ro g en  atom (a to m ic  mass = 1 ) .  The l a c k  o f  

a p p r o p r i a t e  (m/e + 2) s i g n a l s  o f  r a t i o  1:3 o f  t h e  m/e s i g n a l s  a t  m/e 

181, 139, 122, and 95 s t r o n g l y  s u p p o r t  t h e  i n f e r e n c e  t h a t  no c h l o r i n e  

atom i s  p r e s e n t  i n  t h e  r a d i o l y s i s  p r o d u c t .  The m ajo r  s i g n a l s  found  in  

t h e  s p e c t ru m  o f  Propham were i d e n t i f i e d  by th e  use  o f  h ig h  r e s o l u t i o n  

mass s p e c t r o m e t r y  t o  be due t o  t h e  s t e p w is e  l o s s  f r a n  t h e  m o le c u le  o f  

( t o  m/e = 137) ,  0 ( t o  m/e = 120) and C=0 ( t o  m/e = 9 3 ) .

From th e  above r e s u l t s  i t  can  be s t a t e d  w i th  c o n f id e n c e  t h a t  t h e  

r a d i o l y s i s  o f  Chlorpropham  i n  m ethano l  s o l u t i o n  r e s u l t s  i n  t h e  

f o rm a t io n  o f  Propham by th e  r e p la c e m e n t  o f  t h e  c h l o r i n e  a tom  on th e  

a r o m a t i c  r i n g  by a  hydrogen  a tom . The p o s s i b l e  mechanism by w hich 

t h i s  o c c u r s  i s  d i s c u s s e d  i n  s e c t i o n  6 . 7 .

6 . 6 . 3  R a d i o l y t i c  p r o d u c t s  o f  Chlorpropham  i n  hexane s o l u t i o n  

G .L .C . a n a l y s i s

G .L .C . a n a l y s i s  o f  i r r a d i a t e d  hexane  s o l u t i o n s  o f  Chlorpropham  

showed t h e  p r e s e n c e  o f  two compounds w i th  a v e ra g e  r e t e n t i o n  t im e s  o f  

5 .1 8  and  9 .5 3  m in u te s  r e s p e c t i v e l y .  By c om par ison  w i th  s t a n d a r d s  t h e  

compound w i th  r e t e n t i o n  t im e  9 .5 3  m in u te s  was found  t o  be 

C h lorpropham . The Rc i p c  c a l c u l a t e d  f o r  t h e  r a d i o l y t i c  p r o d u c t  by th e  

method o u t l i n e d  above was 0 .5 4 .
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H .P .L .C .  a n a l y s i s

The a n a l y s i s  o f  i r r a d i a t e d  hexane  s o l u t i o n s  o f  Chlorpropham  

p roduced  s i m i l a r  r e s u l t s  t o  t h a t  i n  m ethano l  s o l u t i o n .  The two 

compounds o b s e rv e d  had r e t e n t i o n  t im e s  o f  0 .7 4  and 1 .00  m in u te s ,  a 

k 1 v a lu e  o f  1 .00  was c a l c u l a t e d  f o r  t h e  r a d i o l y t i c  p r o d u c t .

G.C.M .S. a n a l y s i s

The r a d i o l y s i s  p ro d u c t  was found i n  much g r e a t e r  c o n c e n t r a t i o n  i n  

sam p les  i r r a d i a t e d  i n  hexane  th a n  i n  m ethano l and t h e r e f o r e  no 

c o n c e n t r a t i o n  s t e p  was r e q u i r e d  f o r  hexane s o l u t i o n s .  T r a n s f e r  o f  

s o l u t e s  from  m ethano l  s o l u t i o n  was, o f  c o u r s e ,  a l s o  u n n e c e s s a r y .  A 

100 ppm Chlorpropham  s o l u t i o n  i n  hexane i r r a d i a t e d  a t  a  d o se  o f  20 kGy 

was s u b m i t te d  t o  G.C.M .S. a n a l y s i s  by t h e  method used  i n  s e c t i o n  

6 . 6 . 2 .  The o n ly  m o d i f i c a t i o n  t o  t h a t  method used  i n  t h i s  c a s e  was 

t h a t  t h e  column was an  p o l a r  BPX 70 c a p i l l a r y  column ( S .G .E . ,  

A u s t r a l i a )  o f  l e n g t h  36 m and i n t e r n a l  d ia m e te r  0 .2 2  mm. Under t h e  

same c h ro m a to g ra p h ic  c o n d i t i o n s  a s  used  i n  s e c t i o n  6 . 6 . 2  u s in g  th e  BPX 

70 column th e  r e t e n t i o n  t im e  o f  Chlorpropham  was 18 .6  m in u te s  and th e  

r e t e n t i o n  t im e  o f  t h e  r a d i o l y s i s  p ro d u c t  was 11.7  m in u te s .  Mass 

s p e c t r a  o f  Chlorpropham  and t h e  r a d i o l y s i s  p ro d u c t  were o b t a i n e d  and  

were found  t o  be  i d e n t i c a l  t o  t h o s e  o b t a in e d  i n  t h e  r a d i o l y s i s  o f  

C hlorpropham  i n  m eth an o l  s o l u t i o n .  The above e v id e n c e  d e m o n s t r a te s  

t h a t  t h e  i r r a d i a t i o n  o f  Chlorpropham  i n  hexane s o l u t i o n  r e s u l t s  i n  t h e  

p r o d u c t io n  o f  Propham b u t  i n  a  h ig h e r  y i e l d  t h a n  i s  found when 

C hlorpropham  i s  i r r a d i a t e d  i n  m e th a n o l .
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6 . 6 . 4  R a d i o l y t i c  p r o d u c t s  o f  Tecnazene  i n  m ethano l  s o l u t i o n

From th e  r e s u l t s  o f  s e c t i o n  6 .4  i t  can be  se en  t h a t  t h e r e  i s  a 

l a r g e  d e g re e  o f  breakdown o f  Tecnazene when i r r a d i a t e d  i n  m ethano l  

s o l u t i o n  t o  d o s e s  o f  10 kGy and g r e a t e r .  As h a s  been p r e v i o u s l y  

e s t a b l i s h e d  no r a d i o l y s i s  compounds were d e t e c t e d  by e i t h e r  i s o t h e r m a l  

o r  t e m p e r a tu r e  g r a d i e n t  G .L .C . t e c h n i q u e s .

S e v e r a l  p o s s i b l e  r a d i o l y t i c  r e a c t i o n s  o f  Tecnazene  w ere  c o n s id e r e d .  

F i r s t l y  t h e  rem oval o r  s u b s t i t u t i o n  o f  t h e  a ro m a t ic  r i n g  s u b s t i t u e n t s  

from  th e  Tecnazene  r i n g  h a s  been  r e p o r t e d  by Hamadmad ( 1967) i n  

p h o t o l y s i s  o f  T ecnazene u s in g  U.V. l i g h t .  I t  i s  p o s s i b l e  t h a t  t h i s  

c o u ld  o c c u r  i n  t h e  gamma i r r a d i a t i o n  o f  T ecnazene . I f  t h e  r e s u l t a n t  

p r o d u c t s  w ere  i n v o l a t i l e ,  t o o  v o l a t i l e  o r  p roduced  i n  s m a l l  y i e l d s  o f  

p o s s i b l y  mixed p r o d u c t s  t h e  G .L .C . a n a l y s i s  c a r r i e d  o u t  may n o t  have  

d e t e c t e d  them . S econd ly  t h e  s p e c i e s  p roduced  from  T ecnazene  by 

i r r a d i a t i o n  may have  undergone  p o l y m e r i s a t i o n  r e s u l t i n g  i n  i n v o l a t i l e  

p r o d u c t s .  F i n a l l y  i r r a d i a t i o n  c o u ld  l e a d  t o  t h e  o p e n in g  o f  t h e  

a r o m a t ic  r i n g  and  t h e  open c h a in  p r o d u c t s  from  r i n g  o p e n in g  may n o t  

have  been  d e t e c t a b l e  by th e  G .L .C . method u s e d .

U.V. s p e c t r o m e t r y

In  o r d e r  t o  d i s c o v e r  i f  t h e  a ro m a t ic  r i n g  was i n t a c t  a f t e r  

i r r a d i a t i o n  t h e  U.V. a b s o rb a n c e  o f  a n o n - i r r a d i a t e d  s o l u t i o n  o f  

T ecnazene and a  s o l u t i o n  i r r a d i a t e d  a t  a  dose  o f  50 kGy i n  s e c t i o n  6 .4  

were scanned  betw een th e  w a v e le n g th s  o f  190 nm and 500 nm. Two 

a b s o rb a n c e  maxima were o b se rv e d  i n  t h e  sp e c tru m  o f  t h e  n o n - i r r a d i a t e d  

T ecnazene  s o l u t i o n  a t  w a v e le n g th s  o f  217 nm and 240 nm. These

a b s o rb a n c e s  a r e  t h e  r e s u l t  o f  t h e  e x c i t a t i o n  o f  e l e c t r o n s  from  p i  t o
*

p i  o r b i t a l s  i n  t h e  a ro m a t ic  r i n g  o f  T ecnazene by t h e  a b s o rb a n c e  o f
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e n e rg y  from U.V. l i g h t .  U n s u b s t i t u t e d  benzene  h a s  a b s o rb a n c e  bands  a t  

204 nm (E band) and 230 -  270 nm (B band) which a r e  r e d - s h i f t e d  by th e  

s u b s t i t u e n t s  a t t a c h e d  i n  t h e  T ecnazene m o le c u le  t o  g iv e  t h e  

a b s o rb a n c e s  m easu red .

The a b s o rb a n c e  sp e c tru m  o f  t h e  i r r a d i a t e d  s o l u t i o n  was a l s o  found  

t o  have two a b s o rb a n c e  maxima a t  217 nm and 240 nm. The m agn itude  o f  

t h e  a b s o rb a n c e s  a p p e a re d  t o  be l i t t l e  a f f e c t e d  by i r r a d i a t i o n  when 

compared t o  t h e  sp e c tru m  o f  t h e  n o n - i r r a d i a t e d  s o l u t i o n .  T h is  

i n d i c a t e d  t h a t  t h e  r a d i o l y s i s  o f  T ecnazene p ro b a b ly  d id  n o t  r e s u l t  i n  

t h e  d e s t r u c t i o n  o f  t h e  a ro m a t ic  r i n g .  I t  a l s o  i n d i c a t e d  t h a t  H .P .L .C .  

a n a l y s i s  o f  i r r a d i a t e d  s o l u t i o n s  u s in g  U.V. d e t e c t i o n  c o u ld  d e t e c t  

p r o d u c t s  formed t h a t  were n o t  d e t e c t e d  u s in g  G .L .C . a n a l y s i s  

t e c h n i q u e s .

H .P .L .C .  a n a l y s i s

H .P .L .C . a n a l y s e s  o f  t h e  s o l u t i o n s  o f  Tecnazene  p r e p a r e d  i n  s e c t i o n

6 .4  were c a r r i e d  o u t  by th e  method d e s c r i b e d  i n  s e c t i o n  6 . 2 .  I n  

n o n - i r r a d i a t e d  s o l u t i o n s  o n ly  one peak was p r e s e n t  e x c lu d i n g  t h e  

s o l v e n t  f r o n t  and  by com parison  w i th  s t a n d a r d s  i t  was i d e n t i f i e d  a s  

T ec n az e n e .  Tecnazene had a r e t e n t i o n  t im e  u n d e r  t h e  c o n d i t i o n s  u se d  

o f  2 .4 8  m in u te s .

I n  sam p les  i r r a d i a t e d  a t  10 kGy a t h i r d  peak was a l s o  p r e s e n t  and  

had a r e t e n t i o n  t im e  o f  1 .27 m in u te s .  I n  s o l u t i o n s  i r r a d i a t e d  a t  

d o s e s  o f  20 -  50 kGy e i g h t  p e a k s ,  i n c l u d i n g  th e  s o l v e n t  f r o n t  and 

T e c n az e n e ,  were v i s i b l e .  A t y p i c a l  chrom atogram  o f  a  n o n - i r r a d i a t e d  

sam ple  and a sample i r r a d i a t e d  a t  a  do se  o f  20 kGy a r e  shown i n  

d ia g ra m s  6 .11  and 6 .1 2 .
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T a b le  6 .6  d i s p l a y s  t h e  r e t e n t i o n  t im e s  and k ’ v a lu e s  o f  p eak s  

p r e s e n t  i n  a s o l u t i o n  o f  Tecnazene i r r a d i a t e d  a t  a dose  o f  20 kGy.

T a b le  6 . 6 .  R e te n t io n  t im e s  and k '  v a lu e s  o f  t h e  H .P .L .C . peaks  

p r e s e n t  i n  t h e  chrom atogram  o f  a  100 ppm s o l u t i o n  o f  

Tecnazene  i n  m ethano l  i r r a d i a t e d  a t  20 kGy.

Peak Number

1 2 3 4 5 6 7 8

Mean r e t e n t i o n  0 .4 4  0 .7 6  1 .10  1.27 1 .57  1 .79  2 .1 6  2 .4 8
t im e s*

k 1 ( c a p a c i t y  S o lv e n t  0 .7 8  1 .55  1 .89  2 .5 6  3 .0 0  3 .8 9  4 .7 8
f a c t o r )  (TCNB)

*
mean r e t e n t i o n  t im e s  a r e  t h e  means o f  16 r e p l i c a t e  i n j e c t i o n s .

The p eak s  r e p r e s e n t i n g  r a d i o  l y s i s  p r o d u c t s ,  t h a t  i s  p eak s  2 - 7  

w ere  n o t  f u l l y  r e s o l v e d  and t h e r e f o r e  q u a n t i f i c a t i o n  o f  t h e i r  nom ina l  

c o n c e n t r a t i o n s  was n o t  p o s s i b l e .

A t tem p ts  w ere  made t o  i d e n t i f y  t h e  r a d i o l y s i s  p r o d u c t s  fo rm ed  by 

i s o l a t i n g  f r a c t i o n s  a s  th e y  w ere  e l u t e d  from  t h e  H .P .L .C . co lum n, 

t im ed  t o  r e p r e s e n t  p a r t i c u l a r  r a d i o l y s i s  p e a k s ,  and t o  a n a l y s e  t h e  

f r a c t i o n s  by mass s p e c t r o m e t r y  ( M .S .) .  F r a c t i o n s  o b t a i n e d  were d r i e d  

t o  remove w a t e r ,  w hich i n t e r f e r e s  w i th  M.S. a n a l y s i s ,  by  p a s s i n g  them 

th ro u g h  a n a rro w  column o f  a nhyd rous  Na2S0^ (B .D .H .,  U .K .) The e l u e n t  

was blown down u s in g  N2 g a s  t o  i n c r e a s e  t h e  c o n c e n t r a t i o n  o f  s o l u t e s  

and t h e  sa m p le s  s u b m i t te d  t o  M.S. a n a l y s i s .

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

from  t h e  p r o d u c t s  was masked by a s i g n a l  from  a c o n ta m in a n t  p r e s e n t  i n
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t h e  f r a c t i o n s .  I t  was th o u g h t  l i k e l y  by i n s p e c t i o n  o f  t h e  s p e c t r a  

o b t a i n e d  t h a t  t h e  c o n ta m in a n t  was a p l a s t i c i s e r  compound commonly used  

i n  t h e  m a n u fa c tu re  o f  p l a s t i c  t u b i n g .  T h is  c o n ta m in a n t  was th o u g h t  t o  

have  been in t r o d u c e d  i n t o  t h e  f r a c t i o n s  by th e  a c t i o n  o f  t h e  m ob ile  

p hase  s o l v e n t s  on th e  p l a s t i c  s o lv e n t  l i n e s  o f  t h e  H .P .L .C . i t s e l f .  

T h is  prob lem  c o u ld  n o t  be overcome u s in g  th e  H .P .L .C . i n s t r u m e n t a t i o n  

a v a i l a b l e  f o r  t h i s  s t u d y .  A l t e r n a t i v e  s t r a t e g i e s  f o r  i d e n t i f i c a t i o n  

such  a s  T h in  Layer Chrom atography (T .L .C .)  o r  H .P .L .C .  i n t e r f a c e d  w i th  

mass s p e c t r a l  i d e n t i f i c a t i o n  (H .P .M .S .)  c o u ld  n o t  be  p u rsu e d  i n  t h i s  

s tu d y .

6 . 6 . 5  R a d i o l y t i c  p r o d u c t s  o f  Tecnazene  i n  hexane  s o l u t i o n

Much l e s s  d e g r a d a t i o n  o f  Tecnazene to o k  p l a c e  when i t  was 

i r r a d i a t e d  i n  hexane  s o l u t i o n  t h a n  i n  m eth an o l  s o l u t i o n .  Both G .L .C . 

and H .P .L .C .  a n a l y s i s  f a i l e d  t o  d e t e c t  t h e  p re s e n c e  o f  compounds o t h e r  

t h a n  Tecnazene  i n  i r r a d i a t e d  hexane s o l u t i o n s .  These t e c h n i q u e s  were 

t h e r e f o r e  u n s u i t a b l e  f o r  i n v e s t i g a t i n g  t h e  f o r m a t io n  o f  r a d i o l y s i s  

p r o d u c t s  i n  t h o s e  s o l u t i o n s  a t  t h e  low c o n c e n t r a t i o n s  a t  w hich th e y  

a r e  form ed u n d e r  t h e  c o n d i t i o n s  u se d  i n  t h i s  s t u d y .



6 .7  C o n c l u s io n s

I r r a d i a t i o n  o f  Chlorpropham i n  m ethano l  and hexane  s o l u t i o n

From th e  r e s u l t s  o f  s e c t i o n s  6 . 6 . 2  and 6 . 6 . 3  i t  can  be s e e n  t h a t  

t h e  m ajo r  p r o d u c t  o f  t h e  gamma r a d i o l y s i s  o f  Chlorpropham  i n  m ethano l 

and hexane  s o l u t i o n s  i s  Propham. The r e p la c e m e n t  o f  t h e  r i n g  C l by H, 

a s  h as  been p r e v i o u s l y  d i s c u s s e d  i n  s e c t i o n  6 . 1 ,  i s  a  w e l l  documented 

p h o t o l y t i c  and r a d i o l y t i c  r e a c t i o n .  The r e a c t i o n  mechanism by w hich 

C hlorpropham  i s  d e c h l o r i n a t e d  c a n n o t  be f u l l y  u n d e r s to o d  w i th o u t  

f u r t h e r  e x p e r i m e n t a t i o n ,  o n ly  t e n t a t i v e  e x p l a n a t i o n s  o f  how 

d e c h l o r i n a t i o n  may have o c c u r r e d  can be made. The f o l l o w i n g  

d i s c u s s i o n ,  t h e r e f o r e ,  can  o n ly  be s p e c u l a t i v e .

U.V. p h o t o l y s i s  s t u d i e s  have shown t h a t  i n  s o l v e n t s  w i th  l a b i l e  H 

th e  h o m o ly s is  o f  t h e  Cl bond o f  c h l o r i n a t e d  a r o m a t i c s  t o  form r a d i c a l s  

can  be f o l lo w e d  by th e  a t ta c h m e n t  o f  H by c o m b in a t io n  w i th  H* r a d i c a l s  

p roduced  by t h e  i r r a d i a t i o n  o f  t h e  s o l v e n t  (Tanaka e t  a l . , 1984;

Kamrin and R o d g e rs ,  1985). How com parab le  th e n  a r e  t h e  r e a c t i o n s  

which t a k e  p l a c e  i n  p h o t o l y s i s  and r a d i o l y s i s ?

The f o rm a t io n  o f  r a d i c a l s  by U.V. i r r a d i a t i o n  o c c u r s  by th e  

a b s o r p t i o n  o f  p h o to n s  by t h e  e l e c t r o n s  o f  t h e  i r r a d i a t e d  s u b s t a n c e .  

Such e l e c t r o n s  a r e  t h u s  prom oted t o  h i g h e r  en e rg y  o r b i t a l s  r e s u l t i n g  

i n  an  e x c i t e d  m o le c u le  a b le  t o  undergo  c h e m ic a l  ch a n g e .  The d i r e c t  

e f f e c t  o f  t h e  a b s o r p t i o n  o f  a  gamma pho ton  by a t a r g e t  m o le c u le  may 

a l s o  r e s u l t  i n  t h a t  m o le c u le  u n d e rg o in g  c h e m ic a l  change  b u t  a n o th e r  

c o n seq u e n c e  i s  t h e  e m is s io n  o f  an e n e r g e t i c  e l e c t r o n  from  t h e  

a b s o r b in g  a tom . The e m i t t e d  e l e c t r o n  can  c a u s e  many s u b s e q u e n t  

c h e m ic a l  ch an g es  by l o s i n g  a p r o p o r t i o n  o f  i t s  k i n e t i c  e n e rg y  t o  o t h e r  

m o le c u le s  by c o l l i d i n g  w i th  them . These c o l l i s i o n s  fo rm  m o le c u le s  i n
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e x c i t e d  s t a t e s  w hich can  th e n  undergo  c h e m ic a l  r e a c t i o n s  such  a s  bond 

b r e a k in g  and r e a c t i o n s  w i th  o t h e r  s u b s t a n c e s  i n  s o l u t i o n  (most o f  t h e  

o r i g i n a l  e n e rg y  o f  t h e  gamma pho ton  i s  t r a n s f e r r e d  i n t o  t h e  k i n e t i c  o f  

t h e  e l e c t r o n ) . A l t e r n a t i v e l y  a f t e r  s e v e r a l  c o l l i s i o n s  t h e  e n e rg y  o f  

th e  e l e c t r o n  may be red u c e d  s u f f i c i e n t l y  f o r  i t  t o  be a b s o rb e d  

d i r e c t l y  by t h e  t a r g e t  m o le c u le .  T h e r e f o r e  t h e  way i n  w hich U.V. 

p h o t o l y s i s  and gamma r a d i o l y s i s  have  t h e i r  e f f e c t  i s  d i f f e r e n t .  They 

may, how ever, p ro d u ce  s i m i l a r  end p r o d u c t s .

The c o l l i s i o n  o f  an  e l e c t r o n  w i th  a  Chlorpropham  m o le c u le  c o u ld  

r e s u l t  i n  t h e  f o r m a t io n  o f  an e x c i t e d  m o le c u le  i n  w hich h o m o ly s is  o f  

t h e  bond be tw een  t h e  a ro m a t ic  r i n g  and t h e  Cl s u b s t i t u e n t  c o u ld  t a k e  

p l a c e ,  fo rm in g  two r a d i c a l s  which c o u ld  f u r t h e r  r e a c t .

A no ther  r e a c t i o n  o f  Chlorpropham  which may be  c a u se d  by i r r a d i a t i o n  

can  be h i g h l i g h t e d  by a d i s c u s s i o n  o f  t h e  r a d i o l y s i s  o f  c h lo r o b e n z e n e .  

In  t h e  i r r a d i a t i o n  o f  c h lo ro b e n z e n e  i t  was found  t h a t  e l e c t r o n s  a r e  

a b s o rb e d  i n t o  a n  unoccup ied  p i  o r b i t a l  o f  t h e  a ro m a t ic  r i n g  (L a z a r  e t  

a l . , 1989). T h is  a b s o r p t i o n  i s  fo l lo w e d  by t h e  p r o d u c t io n  o f  t h e  

c h l o r i d e  a n io n  t o  g iv e  t h e  o v e r a l l  r e a c t i o n  shown i n  e q u a t i o n  6 . 1 .

Ph-C l + e ”  ^  Ph* + C l” ( e q u a t io n  6 .1 )

A s i m i l a r  r e a c t i o n  mechanism f o r  t h e  r a d i o l y s i s  o f  C hlorpropham  i s  

shown i n  e q u a t i o n  6 .2  where R r e p r e s e n t s  t h e  i s o p r o p y lc a r b a m a te  

s u b s t i t u e n t  on t h e  a ro m a t ic  r i n g .

R-Ph-C l + e ” ----------- ^  R-Ph* + C l” ( e q u a t io n  6 .2 )

One p ro d u c t  o f  t h i s  r e a c t i o n  would a l s o  be form ed by h e m o ly s is  o f  

C hlorpropham , t h e  R-Ph* r a d i c a l .  R e a c t io n  o f  t h e  r e s u l t a n t  R-Ph*



r a d i c a l s ,  form ed by e i t h e r  mechanism, w i th  H* r a d i c a l s  p roduced  by th e  

r a d i o l y s i s  o f  s o l v e n t  m o le c u le s  would r e s u l t  i n  t h e  f o rm a t io n  o f  

Propham, a s  d e s c r i b e d  i n  e q u a t io n  6 . 3 .

R-Ph* + H*----------- ^  R-Ph ( e q u a t io n  6 .3 )

T h is  p ro p o se d  mechanism f o r  t h e  f o rm a t io n  o f  Propham would i n  p a r t

e x p l a i n  t h e  r e l a t i v e  s e n s i t i v i t i e s  o f  Chlorpropham  t o  i r r a d i a t i o n  i n

hexane  and m e th a n o l .  Hexane h a s  14 H atom s p e r  m o le c u le  compared t o

o n ly  4 i n  t h e  m eth a n o l  m o le c u le  r e s u l t i n g  i n  h i g h e r  G v a lu e s  f o r  H* i n

hexane  th a n  i n  m ethano l  (G v a lu e s  o f  >4.1 and 2 .5  r e s p e c t i v e l y

(M il in c h u k  and T up ikov , 1 9 8 9 ) ) .  I f  t h i s  i s  in d e e d  how Chlorpropham

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

C hlorpropham  can  be p r e d i c t e d .  F re e  r a d i c a l s  p roduced  i n  i r r a d i a t e d

hexane  i n c l u d e ;  *CH~, *C~H.-, ‘C-H™, *C.Hn , 'C.-H...,, ’C .H .-  (M il in c h u k3 2 5 3 7 4 9 5 11 6 13

and T up ikov , 1989). Such f r e e  r a d i c a l s ,  a l t h o u g h  p r e s e n t  i n  

i r r a d i a t e d  s o l u t i o n s  i n  low er  c o n c e n t r a t i o n s  th a n  H’ r a d i c a l s ,  c o u ld  

a l s o  combine w i th  R-Ph* r a d i c a l s  t o  form  a l k y l  d e r i v a t i v e s  o f  

C hlorpropham . Such d e r i v a t i v e s  have  been d e t e c t e d  i n  t h e  U.V. 

p h o t o l y s i s  o f  Chlorpropham  i n  hexane  i n  which i t  i s  p ro p o se d  t h a t  t h e  

R-Ph* r a d i c a l  i s  a l s o  fo rm ed , a l t h o u g h  by a  d i f f e r e n t  m e c h a n i s t i c  

r o u t e  ( Z a a t e r ,  1989). O th e r  r e a c t i o n s  such  a s  two R-Ph* r a d i c a l s  

com bin ing  t o  form R-Ph-Ph-R a r e  a l s o  p o s s i b l e  and have  been o b s e rv e d  

i n  p h o t o l y s i s  s t u d i e s  (Tanaka e t  a l . , 1984; Z a a t e r ,  1989). Once 

form ed t h e  R-Ph* r a d i c a l  c o u ld  a l s o  a d o p t  o t h e r  r e s o n a n c e  fo rm s which 

c o u ld  a l s o  r e a c t  w i th  o t h e r  s p e c i e s  i n  s o l u t i o n  f u r t h e r  i n c r e a s i n g  t h e  

number o f  p o s s i b l e  r a d i o l y s i s  p r o d u c t s .  The f o rm a t io n  o f  o t h e r  

p r o d u c t s  from th e  i n t e r a c t i o n  o f  e l e c t r o n s  w i th  C hlorpropham  m o le c u le s  

add f u r t h e r  t o  t h e  p o s s i b l e  r a d i o l y t i c  p r o d u c t s ,  th e y  may a l s o  p r o v id e  

a l t e r n a t i v e  mechanisms f o r  t h e  f o r m a t io n  o f  Propham from  C hlo rp ropham .
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The q u a n t i t i e s  o f  Propham produced  by t h e  i r r a d i a t i o n  o f  

C h lorpropham , p a r t i c u l a r l y  when i r r a d i a t e d  i n  h e x a n e ,  seem q u i t e  

l a r g e  i n  c o m par ison  t o  t h e  y i e l d s  found  i n  t h e  r a d i o l y s i s  o f  o t h e r  

compounds. T h is  may r e f l e c t  th e  f a c t  t h a t  Cl i s  a  good l e a v i n g  group  

and t h a t  t h e  most abu n d an t  r a d i c a l  i n  s o l u t i o n  a v a i l a b l e  f o r  

c o m b in a t io n  w i th  th e  R-Ph* r a d i c a l  i s  H*. Once form ed Propham i s  open 

t o  r a d i o l y s i s  i t s e l f ,  t h e  f a c t  t h a t  i t  a c c u m u la te s  w i th  d o se  i m p l i e s  

t h a t  i t  i s  much l e s s  s e n s i t i v e  t o  r a d i o l y s i s  th a n  C hlo rp ropham . T h is  

may be due t o  t h e  u n s u i t a b i l i t y  o f  t h e  H s u b s t i t u e n t  a s  a  l e a v i n g  

g roup  when compared t o  C l .  Even i f  t h e  R-Ph* were t o  be  formed from 

Propham a p r o p o r t i o n  o f  i t  c o u ld  recom bine  w i th  H* r a d i c a l s  t o  form 

Propham.

More e v id e n c e  t o  c o n f i rm  t h e  f r e e  r a d i c a l  n a t u r e  o f  t h e  r e a c t i o n  

mechanism c o u ld  be o b t a in e d  by i r r a d i a t i n g  s o l u t i o n s  o f  C hlorpropham  

c o n t a i n i n g  s u b s ta n c e s  w hich a r e  known t o  e i t h e r  prom ote f r e e  r a d i c a l  

r e a c t i o n s ,  such  a s  r i b o f l a v i n  o r  a c e t o n e ,  o r  i n h i b i t  them , such  a s  

b u t y l a t e d  hydroxy a n i s o l e  (BHA) o r  b u t y l a t e d  hyd roxy  t o l u e n e  (BHT). 

O th e r  t e c h n i q u e s  w hich may be o f  some u s e  i n  e l u c i d a t i n g  t h e  r e a c t i o n  

mechanism in c l u d e  E l e c t r o n  Sp in  Resonance ( E .S .R . )  and P u l s e  

R a d i o l y s i s  by w hich t h e  p r e s e n c e  o f  f r e e  r a d i c a l s  c a n  b e  m easured  

d i r e c t l y .

The p r o d u c t io n  o f  Propham from Chlorpropham  by i r r a d i a t i o n  

t r e a t m e n t  i s  n o t  o f  c o n c e rn  w i th  r e g a r d  t o  t h e  t o x i c i t y  o f  t h a t  

p r o d u c t .  However, t h e  combined c o n t e n t s  o f  Propham and C hlorpropham  

i n  i r r a d i a t e d  s o l u t i o n s  do n o t  a c c o u n t  f o r  100% o f  t h e  r e a c t i o n  

p r o d u c t s  and  o t h e r  p o s s i b l e  p r o d u c t s  have been  s u g g e s te d  e a r l i e r  i n  

t h e  t e x t .  I t  would seem u n l i k e l y  t h a t  i n  a  s o l u t i o n  c o n t a i n i n g  so
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many p o s s i b l e  r e a c t i v e  s p e c i e s  Propham sh o u ld  be  t h e  s o l e  p r o d u c t .  

F u r t h e r  i n v e s t i g a t i o n s  i n  t h i s  f i e l d  a r e  r e q u i r e d .

The c o n c e n t r a t i o n s  o f  Chlorpropham  s o l u t i o n  i r r a d i a t e d  and th e  

d o s e s  u se d  i n  t h i s  s tu d y  may seem u n r e a l i s t i c a l l y  h i g h .  T h is  i s  a 

n e c e s s a r y  consequence  o f  t h e  need f o r  c l e a r  i d e n t i f i c a t i o n  o f  th e  

p r o d u c t s  b e in g  fo rm ed . The e f f e c t  o f  c o n c e n t r a t i o n  on th e  % r e t e n t i o n  

o f  an  i r r a d i a t e d  s u b s ta n c e  h a s  been d i s c u s s e d  i n  s e c t i o n  6 . 5 . 2 .  The 

p ro p o se d  maximum p e r m i t t e d  dose f o r  t h e  i r r a d i a t i o n  o f  food  i n  t h e  

U.K. i s  10 kGy, a l t h o u g h  t h e  e f f e c t i v e  s p r o u t  i n h i b i t i o n  dose  i s  o f  

t h e  o r d e r  o f  0 .1  kGy. T h e r e f o r e  i f  p o t a t o e s  a r e  i r r a d i a t e d  a t  t h e  

s p r o u t  i n h i b i t i o n  dose  l e s s  breakdown o f  C hlorpropham  t h a n  was 

o b s e rv e d  h e re  would o c c u r .  I f  h i g h e r  d o s e s  a r e  a p p l i e d  t o  second  

g e n e r a t i o n  p r o d u c t s  f o r  a n o th e r  p u rp o se  g r e a t e r  breakdown may be  

p o s s i b l e .  These a rgum en ts  can a l s o  be a p p l i e d  when d i s c u s s i n g  th e  

d e g re e  o f  breakdown o f  Tecnazene  i n  fo o d .

I r r a d i a t i o n  o f  Tecnazene

The f a i l u r e  o f  t h e s e  e x p e r im e n ts  t o  i d e n t i f y  t h e  p r o d u c t s  o f  

Tecnazene  d e g r a d a t i o n  l e a v e  t h e  q u e s t i o n  o f  w h e th e r  a  h e a l t h  h a z a rd  i s  

p r e s e n t e d  by them unansw ered . T h is  s tu d y  d o e s ,  how ever ,  show t h a t  

breakdown o f  T ecnazene can  o c c u r  and t h a t  t h e  d e g re e  t o  which i t  t a k e s  

p l a c e  depends  on t h e  c h e m ica l  en v iro n m en t i n  w hich i t  i s  i r r a d i a t e d .  

W ithou t a  knowledge o f  t h e  r a d i o l y s i s  p r o d u c t s ,  how ever ,  t h e  mechanism 

by w hich  such  d e g r a d a t i o n  t a k e s  p l a c e  c a n n o t  be p r o p e r l y  d i s c u s s e d .  

F u r t h e r  s t u d i e s  a r e  r e q u i r e d  t o  r e f i n e  t h e  e x p e r im e n ta l  m ethods used  

t o  i d e n t i f y  t h e  r a d i o l y s i s  p r o d u c t s  o f  T ecnazene .
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I f  Tecnazene  i s  deg rad ed  by gamma r a d i a t i o n  i n  t h e  same way a s  i t  

i s  when exposed  t o  U.V. l i g h t ,  t h e  m ethods used  t o  d e t e c t  t h e  p r o d u c t s  

i d e n t i f i e d  by Hamadmad (1967) may p r o v id e  a s t a r t i n g  p o i n t  f o r  f u r t h e r  

w ork . The o b s e r v a t i o n  t h a t  g r e a t e r  d e g r a d a t i o n  o f  T ecnazene  t a k e s  

p l a c e  when i t  i s  d i s s o l v e d  i n  m ethano l  th a n  i n  hexane s o l u t i o n ,  i n  

c o n t r a s t  t o  t h e  e f f e c t  o f  t h e  s o l v e n t  on Chlorpropham  r a d i o l y s i s ,  may 

s u g g e s t  t h a t  a t  l e a s t  s a n e  o f  t h e  r a d i o l y s i s  p r o d u c t s  o f  T ecnazene  a r e  

form ed by d i f f e r e n t  mechanisms t o  t h o s e  p ro p o se d  f o r  Chlorpropham  

r a d i o l y s i s .

I r r a d i a t i o n  o f  C hlorpropham  and T ecnazene w i th  p o t a t o e s

One c l e a r  i m p l i c a t i o n  o f  t h i s  s tu d y  i s  t h a t  any d i s c u s s i o n  o f  how 

C hlorpropham  and T ecnazene a p p l i e d  t o  p o t a t o e s  w i l l  be a f f e c t e d  by 

i r r a d i a t i o n  needs  t o  t a k e  a c c o u n t  o f  t h e  n a t u r e  o f  t h e  c h e m ic a l  

en v iro n m en t  i n  w hich th e y  a r e  found  i n  p o t a t o e s .  S p ro u t  s u p p r e s s a n t s  

can be found  w i t h i n  t h e  f l e s h  o f  t h e  p o t a t o e s ,  i n  t h e  p o t a t o  p e r id e rm  

o r  i n  c o n t a c t  w i th  t h e  s o i l  a d h e r in g  t o  t h e  p o t a t o e s .  Each o f  t h e s e  

e n v iro n m e n ts  p r o v id e s  d i f f e r e n t  c o n d i t i o n s  f o r  r a d i o l y s i s  and each  

e n v iro n m en t  i s  a l s o  h e te r o g e n e o u s .  P o ta to  f l e s h  i s  e s s e n t i a l l y  an 

a queous  e n v iro n m e n t ,  b u t  l i p i d  membranes may a l s o  p r o v id e  s i n k s  f o r  

s e m i - p o l a r  m o le c u le s  such  a s  Chlorpropham  and T e c n az e n e .  The p o t a t o  

s u r f a c e ,  on w hich s p r o u t  s u p p r e s s a n t s  w i l l  be a d s o rb e d  a f t e r  

a p p l i c a t i o n ,  i s  l a r g e l y  l i p o p h i l i c  i n  c h a r a c t e r  b u t  more p o l a r  aqueous  

c o n d i t i o n s  a r e  a l s o  t o  be found  where w a te r  i s  e v a p o r a t i n g  o u t  th ro u g h  

t h e  p e r id e rm .  S o i l  i s  a  v e ry  h e te r o g e n e o u s  medium c o n s i s t i n g  o f  

o r g a n i c ,  i n o r g a n i c  and aqueous  f r a c t i o n s  i n  c o n t a c t  w i th  e a ch  o t h e r .  

The m o i s t u r e  c o n te n t  o f  s o i l  a s s o c i a t e d  w i th  t h e  p o t a t o e s  i n  t h e  s t o r e  

w i l l  a l s o  i n f l u e n c e  t h e  breakdown o f  t h e  s p r o u t  s u p p r e s s a n t s .  The 

im pac t  o f  s o i l  m ic ro -o rg a n is m s  on t h e  d e g r a d a t i o n  o f  s p r o u t
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s u p p r e s s a n t s  s h o u ld  n o t  be o v e r l o o k e d .

The c o m p a r iso n s  made by i r r a d i a t i n g  C hlorpropham  and Tecnazene  i n  a 

n o n - p o la r  s o l v e n t ,  h ex an e ,  and a s e m i - p o la r  s o l v e n t ,  m e th a n o l ,  may be 

o f  some h e lp  i n  u n d e r s t a n d in g  how th e y  may behave when th e y  a r e  

i r r a d i a t e d  w i th  p o t a t o e s .  T h is  s tu d y  h a s  shown t h a t  C hlorpropham  i s  

b ro k en  down more r a p i d l y  i n  hexane th a n  i n  m e th a n o l .  I t  h a s  a l s o  

shown t h a t  t h e  c o n v e rs e  i s  t r u e  o f  T ecnazene . T h is  may i n d i c a t e  t h a t  

C hlorpropham  i s  more s e n s i t i v e  t o  r a d i o l y s i s  when i t  i s  a s s o c i a t e d  

w i th  t h e  l e s s  p o l a r  e n v iro n m e n ts  o f  t h e  p e r id e rm ,  w i th  t h e  membranes 

o f  t h e  p o t a t o  f l e s h  and i n  t h e  o r g a n ic  f r a c t i o n  o f  t h e  s o i l .  I n  

c o n t r a s t  t o  t h i s ,  T ecnazene a s s o c i a t e d  w i th  t h e  more p o l a r  

e n v iro n m e n ts  i n  t h e  p o t a t o  o r  s o i l  may be more s u s c e p t i b l e  t o  

breakdow n. The r a d i o l y s i s  o f  Chlorpropham  and T ecnazene  i n  aqueous  

s o l u t i o n  would be o f  g r e a t  i n t e r e s t  i n  b r o a d e n in g  t h e  p o s s i b l e  scope  

o f  such  d i s c u s s i o n s .  F u r th e r  s t u d i e s  o f  how Chlorpropham  and 

T ecnazene  behave  i n  c h e m ic a l  c o n d i t i o n s  which more c l o s e l y  re se m b le  

t h o s e  found  i n  p o t a t o e s  a r e  r e q u i r e d  f o r  a  b e t t e r  u n d e r s t a n d in g  o f  how 

C hlorpropham  and Tecnazene w i l l  behave when i r r a d i a t e d  w i th  p o t a t o e s .

A d i s t i n c t i o n  must a l s o  be drawn betw een  t h e  m ethods by w hich  

C hlorpropham  and T ecnazene a r e  a p p l i e d  t o  p o t a t o e s .  C hlorpropham  i s  

n o rm a l ly  fogged  o n to  t h e  p o t a t o  s u r f a c e  d i s s o l v e d  i n  an  a p p r o p r i a t e  

o r g a n ic  s o l v e n t  w h i le  Tecnazene  i s  d u s te d  on a s  powder o r  g r a n u l a r  

f o r m u l a t i o n .  Tecnazene i r r a d i a t e d  i n  t h e  h i g h l y  v i s c o u s  e n v iro n m e n t  

o f  an  i n o r g a n i c  a d s o r b a n t  i s  l i k e l y  t o  behave q u i t e  d i f f e r e n t l y  t o  

Tecnazene  w hich has  v a p o u r i s e d  and been r e - a d s o r b e d  by t h e  p o t a t o  o r  

s o i l  a d h e r in g  t o  i t .  Kamrin and R odgers (1985) s t a t e  t h a t  t h e  

r e c o m b in a t io n  o f  r a d i c a l s  form ed i n  t h e  p h o t o l y s i s  o f  c h l o r o - a r o m a t i c s



on i n o r g a n i c  s u r f a c e s  i s  more l i k e l y  when compared t o  p h o t o l y s i s  i n  

l e s s  v i s c o u s  l i q u i d s  i n  which r e a c t i v e  s p e c i e s  can m ig r a t e .  T h is  may 

a l s o  a p p ly  t o  t h e  r a d i o l y s i s  o f  T ecnazene .

T h is  s tu d y  h a s  o n ly  r e a l l y  made a b e g in n in g  t o  t h e  i n v e s t i g a t i o n  o f  

t h i s  t o p i c .  Much work h a s  s t i l l  t o  be c a r r i e d  o u t  t o  g a in  a f u l l e r  

u n d e r s t a n d in g  o f  t h e  r e a c t i o n s  t a k i n g  p l a c e  i n  model sy s tem s  and th e  

t r a n s l a t i o n  o f  t h a t  u n d e r s t a n d in g  i n t o  an i n t e r p r e t a t i o n  o f  what may 

o c c u r  i n  a  p o t a t o  s t o r e .  Only Chlorpropham  and Tecnazene  have  been 

d i s c u s s e d  h e r e ,  o t h e r  compounds m e r i t  s i m i l a r  i n v e s t i g a t i o n .
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C h a p te r  7 

C o n c lu s io n s

7 .1  The e f f e c t  o f  i r r a d i a t i o n  on s p r o u t i n g

The p u rp o se  o f  t h i s  s tu d y  was t o  i n v e s t i g a t e  v a r i o u s  a s p e c t s  

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

i r r a d i a t i o n .  I n  t h e  c o u rs e  o f  t h a t  s tu d y  i t  was found  t h a t  

r e g r e s s i o n ,  and more p a r t i c u l a r l y  l o g i s t i c  r e g r e s s i o n ,  was a u s e f u l  

s t a t i s t i c a l  t e c h n iq u e  t o  model t h e  e f f e c t  o f  i n c r e a s i n g  r a d i a t i o n  d ose  

on t h e  d e g re e  o f  s p r o u t i n g  d e v e lo p e d .  L o g i s t i c  r e g r e s s i o n  i s  

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

s p r o u t i n g ,  one o f  t h e  p a ra m e te r s  m easured  can be n e g a t i v e  o r  

a f f i r m a t i v e  a s  w e l l  a s  h a v in g  m agn itude  when a f f i r m a t i v e .  For t h i s  

r e a s o n  i t  i s  recommended a s  a more i n f o r m a t iv e  t e c h n iq u e  th a n  t h e  more 

commonly used  m ethods a p p l i e d  t o  d e s c r i b e  t h e  way i n  which some 

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

The d e g re e  o f  s p r o u t i n g  found  o r d i n a r i l y  i n  p o t a t o e s  i s  d e penden t  

on a number o f  f a c t o r s ,  a s  d i s c u s s e d  i n  C h a p te r s  1 and 2 ,  amongst 

w hich a r e  s e a s o n a l  v a r i a t i o n  and c u l t i v a r  d ep e n d en c e .  In  o r d e r  t o  

more f u l l y  u n d e r s t a n d  how e f f e c t i v e l y  s p r o u t i n g  i s  c o n t r o l l e d  by 

i r r a d i a t i o n  f u r t h e r  work i s  n e c e s s a r y  t o  a s s e s s  t h e  dependence  o f  t h e  

d e g re e  o f  s p r o u t  c o n t r o l  by i r r a d i a t i o n  on s e a s o n a l  f l u c t u a t i o n s .  

A lthough  th e  number o f  g row ing  s e a s o n s  a b l e  t o  be c o n s id e r e d  i n  t h i s  

s tu d y  was s m a l l ,  c u l t i v a r  dependence  e f f e c t s  w ere  o b s e rv e d .  From t h i s  

e v id e n c e  and th e  e v id e n c e  o f  o t h e r  s t u d i e s  on c u l t i v a r  dependence  

e f f e c t s  i t  would seem s e n s i b l e  t o  a s s e s s  t h e  s e n s i t i v i t y  t o  

i r r a d i a t i o n  o f  each  c u l t i v a r  p ro p o se d  f o r  i r r a d i a t i o n  t r e a t m e n t .
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The p r a c t i c a l  i r r a d i a t i o n  o f  a  l a r g e  volume o f  p o t a t o e s  

n e c e s s i t a t e s  th e  u se  o f  l a r g e  s c a l e  com m ercial  i r r a d i a t o r s .  The 

sp re a d  o f  d o s e s  r e c e iv e d  by p o t a t o e s  i n  e x p e r im e n ts  c a r r i e d  o u t  in  

t h i s  s tu d y  was s i g n i f i c a n t l y  w ide ,  e s p e c i a l l y  a t  dose  l e v e l s  a t  t h e  

c r i t i c a l  boundary  betw een in a d e q u a te  s p r o u t  c o n t r o l  and c o m p le te  

s p r o u t  i n h i b i t i o n .  I n  t h e  r e p o r t  o f  t h e  ACINF (A non .,  1986a) i t  was 

s t a t e d  t h a t  f o r  a  food  r e c e i v i n g  an a v e ra g e  do se  o f  10 kGy, t h e  

maximum dose  recommended f o r  u se  on food  i n  t h e  U .K .,  a t y p i c a l  ran g e  

o f  d o s e s  r e c e iv e d  by d i f f e r e n t  p a r t s  o f  t h e  food  c o u ld  be be tw een  8 

and 12 kGy o r  i n  some c a s e s  a s  wide a s  6 .5  and 13 kGy d e p e n d in g  on th e  

d e s ig n  o f  t h e  i r r a d i a t i o n  p l a n t .  T h is  n o n - u n i f o r m i ty  o f  dose  r e c e i v e d  

w i l l  a l s o  be  found a t  t h e  low er  d o se s  r e q u i r e d  f o r  s p r o u t  i n h i b i t i o n .  

The s p r e a d  o f  d o s e s  o b t a i n e d  and  dose  l e v e l s  r e q u i r e d  f o r  th e  

n e c e s s a r y  d e g re e  o f  s p r o u t  i n h i b i t i o n  s h o u ld  t h e r e f o r e  be a s s e s s e d  f o r  

e a ch  i r r a d i a t i o n  p l a n t .

7 .2  The e f f e c t  o f  s p r o u t  s u p p r e s s a n t  t r e a t m e n t s  on s u g a r  c o n t e n t s

E x p e r im en ts  c a r r i e d  o u t  i n  t h i s  s tu d y  on t h e  r e s p o n s e  o f  s u g a r  

l e v e l s  i n  p o t a t o e s  t o  s p r o u t  i n h i b i t i o n  t r e a t m e n t s  have d e m o n s t r a te d  a 

number o f  f e a t u r e s  o f  t h a t  r e s p o n s e .  F i r s t l y  t h e  i n i t i a l l y  v e ry  h ig h  

s u g a r  l e v e l s  n o te d  i n  c o n t r o l  p o t a t o e s  i n  c o m p a r iso n  t o  t h o s e  o b s e rv e d  

by p r e v io u s  w o rk e rs  e m phas ise  t h e  v a r i a b i l i t y  p r e s e n t  i n  t h e  s u g a r  

l e v e l s  o f  p o t a t o e s  found  from  c ro p  t o  c r o p .  T h is  i l l u s t r a t e s  t h a t  no 

s im p le  fo rm u la  can  be a p p l i e d  t o  p r e d i c t  t h e  e f f e c t  o f  a  g iv e n  

r a d i a t i o n  d ose  on p o t a t o  s u g a r  l e v e l s .  The i n i t i a l  s u g a r  l e v e l s  o f  

p o t a t o e s  u n d e r  s tu d y  must be  d e te rm in e d  p r i o r  t o  i r r a d i a t i o n  and  t h o s e  

l e v e l s  can  th e n  be used  t o  make e s t i m a t e s  o f  how l a r g e  t h e  r a d i a t i o n  

in d u ce d  s w e e te n in g  e f f e c t  w i l l  b e .  Work c a r r i e d  o u t  a l r e a d y  may be o f  

some u se  i n  t h i s  r e s p e c t  b u t  f u r t h e r  s t u d i e s  on t h e  r e s p o n s e  o f  t u b e r s
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o f  v a r y in g  d e g re e s  o f  i n i t i a l  s w e e tn e s s  and p h y s i o l o g i c a l  age t o  

i r r a d i a t i o n  t r e a tm e n t  would p ro v id e  a c l e a r e r  u n d e r s t a n d in g  o f  t h i s  

e f f e c t .

A f t e r  t h e  im m edia te  p o s t - i r r a d i a t i o n  s w e e te n in g  h a s  r e a c h e d  a peak 

i t  a g a in  f a l l s  t o  a  l e v e l  s i m i l a r  t o  c o n t r o l s .  I n  p o t a t o e s  w hich had 

i n i t i a l l y  s u i t a b l e  s u g a r  c o n t e n t s  t h i s  r e d u c t i o n  may a l l o w  i r r a d i a t e d  

p o t a t o e s  t o  be used  c o m m e rc ia l ly  a f t e r  a  s u i t a b l e  s t o r a g e  i n t e r v a l  has  

e l a p s e d .  Im m ediate  u se  o f  i r r a d i a t e d  p o t a t o e s  i s  i n a d v i s a b l e  a s  t h e  

q u a l i t y  o f  t h e  f i n a l  p o t a t o  p ro d u c t  w i l l  be d i s a p p o i n t i n g l y  low . The 

r a t e  o f  f a l l  i n  t h e  s u g a r  c o n t e n t s  i n  t h e s e  e x p e r im e n ts  was found t o  

be s lo w e r  t h a n  t h a t  o b se rv e d  by B urton  e t  a l .  (1 9 5 9 ) .  T h is  may be a 

c o n seq u e n c e  o f  t h e  d i f f e r e n t  e x p e r im e n ta l  c o n d i t i o n s  and c u l t i v a r s  

u sed  i n  t h e  two s t u d i e s .  I t  may, how ever, a l s o  be a s  a  c o n seq u en ce  o f  

t h e  m ark ed ly  d i f f e r e n t  i n i t i a l  s u g a r  c o n te n t s  p r i o r  t o  i r r a d i a t i o n .

The i d e n t i f i c a t i o n  o f  t h e  c o n t r o l l i n g  i n f l u e n c e s  on th e  r a t e  o f  f a l l  

i n  s u g a r  c o n t e n t s  a f t e r  r a d i a t i o n  in d u ce d  s w e e te n in g  would be o f  g r e a t  

i n t e r e s t  t o  p r o c e s s o r s  u s in g  i r r a d i a t e d  p o t a t o e s  a s  i t  would 

f a c i l i t a t e  t h e  developm ent o f  good s t o r e  management p r a c t i c e s  and 

c u l t i v a r  s e l e c t i o n  t o  m in im ise  t h e  d e s w e e te n in g  p e r i o d .

C o n f l i c t i n g  r e s u l t s  have been o b ta in e d  i n  s t u d i e s ,  i n c l u d i n g  t h i s  

o n e ,  i n v e s t i g a t i n g  t h e  e f f e c t  o f  i r r a d i a t i o n  on t h e  t im in g  o f  

s e n e s c e n t  s w e e te n in g .  B urton  e t  a l . (1959) r e p o r t e d  t h a t  s e n e s c e n c e  

o c c u r r e d  e a r l i e r  i n  i r r a d i a t e d  p o t a t o e s  t h a n  i n  c o n t r o l s .  In  t h i s  

s tu d y  o n ly  c v .  D e s i r e e  s e n e s c e d  by t h e  end o f  t h e  s t o r a g e  p e r i o d  o f  

t h e  e x p e r im e n t .  F u r th e r  work i s  r e q u i r e d  i n  t h i s  a r e a ,  p a r t i c u l a r l y  

a s  i t  h a s  been  s u g g e s te d  t h a t  a  d e s w e e te n in g  i n t e r v a l  s h o u ld  be 

m a in ta in e d  betw een i r r a d i a t i o n  and u s e .  I f  i r r a d i a t e d  p o t a t o e s  a r e
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s t o r e d  t o  d esw ee ten  them f o r  t o o  lo n g  s e n e s c e n c e  c o u ld  i n t e r v e n e .

The l i n k  be tw een  s p r o u t i n g ,  i t s  i n h i b i t i o n  and s u g a r  c o n t e n t s  h a s  

i n  p a r t  been  i l l u s t r a t e d  by th e  com parison  o f  t h e  d e g r e e s  o f  s p r o u t i n g  

and s w e e tn e s s  o f  p o t a t o e s  i r r a d i a t e d  o r  t r e a t e d  w i th  Chlorpropham  o r  

Tecnazene to w a rd s  t h e  end o f  t h e  s t o r a g e  p e r io d  s t u d i e d .  T re a tm e n ts  

which c o m p le te ly  i n h i b i t e d  s p r o u t i n g ,  Chlorpropham  and i r r a d i a t i o n ,  

d id  n o t  g i v e  r i s e  t o  an a c c u m u la t io n  o f  s u g a r s  i n  t u b e r s  a s  p r e v i o u s l y  

r e p o r t e d  o v e r  t h e  s t o r a g e  p e r i o d  m easu red . T re a tm e n ts  in  w hich 

s p r o u t i n g  was e v id e n t  d id  hcwever e x h i b i t  s m a l l  s u g a r  c o n te n t  

i n c r e a s e s  a s  s p r o u t i n g  p r o g r e s s e d .  More s p e c i f i c  s t u d i e s  o f  t h e  

e f f e c t  o f  s p r o u t  i n h i b i t i o n  on s u g a r s  a r e  r e q u i r e d  t o  f u l l y  u n d e r s t a n d  

t h e  way i n  w hich th e  i n i t i a t i o n  and g row th  o f  s p r o u t s  a f f e c t s  f r e e  

s u g a r  c o n t e n t s .

With f u r t h e r  work t o  i n c r e a s e  t h e  knowledge o f  how s u g a r  c o n t e n t s  

a r e  a f f e c t e d  by i r r a d i a t i o n  and t h e  a p p l i c a t i o n  o f  a p p r o p r i a t e  

r a d i a t i o n  t r e a tm e n t  and p o t a t o  s t o r a g e  p r a c t i c e s  b a sed  on t h a t  

know ledge , i t  i s  u n l i k e l y  t h a t  s w e e te n in g  in d u c e d  by  i r r a d i a t i o n  w i l l  

s t a n d  i n  t h e  way o f  t h e  i n t r o d u c t i o n  o f  t h e  i r r a d i a t i o n  o f  p o t a t o e s .  

Such s w e e te n in g  d o e s ,  how ever, l i m i t  t h e  f l e x i b i l i t y  o f  u s e  o f  

i r r a d i a t i o n  by p l a c i n g  c o n s t r a i n t s  on t h e  t im in g  o f  t h e  p r o c e s s i n g  o f  

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



7 . 3  The e f f e c t  o f  s p r o u t  s u p p r e s s a n t  t r e a t m e n t s  on w a t e r  l o s s

The r a p i d  d e t e r i o r a t i o n  o f  p o t a t o e s  w i th  wounds a f t e r  i r r a d i a t i o n  

found  i n  t h i s  and o t h e r  s t u d i e s  u n d e r l i n e s  t h e  need f o r  a  p r e 

i r r a d i a t i o n  c u r i n g  p e r i o d .  T h is  i s  i n  ag reem en t  w i th  t h e  a d v ic e  o f  

M e t l i t s k y  e t  a l . (1967) and t h e  g e n e r a l  a d v ic e  on l i m i t i n g  r o t t i n g  

d i s c u s s e d  i n  C h a p te r  4 . R a te s  o f  w a te r  l o s s  from non-wounded 

i r r a d i a t e d  p o t a t o e s  were found t o  be no g r e a t e r ,  and i n  t h e  c a s e  o f  

th e  0 .1 0  kGy t r e a t m e n t  s l i g h t l y  lo w e r ,  th a n  t h o s e  from  c o n t r o l s .

Due t o  e x t e r n a l  f a c t o r s  i t  was n o t  p o s s i b l e  t o  i n c l u d e  p o t a t o e s  

i r r a d i a t e d  d i r e c t l y  a f t e r  h a r v e s t  i n  t h i s  s t u d y ,  a  f u l l y  b a la n c e d  

e x p e r im e n t  would p roduce  i n t e r e s t i n g  i n f o r m a t io n  com plem entary  t o  t h a t  

p ro v id e d  by t h i s  s t u d y .  I t  i s ,  how ever, i n  p a r t  p o s s i b l e  t o  p r e d i c t  

t h e  l i k e l y  outcome o f  such  an e x p e r im e n t  from  t h e  r e s u l t s  o f  w a te r  

l o s s  s t u d i e s  c a r r i e d  o u t  h e r e .  A co m p ar iso n  o f  wounded and n o n 

wounded p o t a t o e s  i r r a d i a t e d  a f t e r  c u r i n g  r e v e a l e d  much g r e a t e r  l o s s  

from  wounded t u b e r s .  I t  would seem l i k e l y  t h a t  u n c u re d  p o t a t o e s  whose 

a b i l i t y  t o  form norm al p e r id e rm  was i n h i b i t e d  by i r r a d i a t i o n  would 

l o s e  w a te r  a t  a  r a t e  com parab le  t o  t h a t  o f  wounded t u b e r s .

Chlorpropham  h a s  been  shown by t h i s  s tu d y  t o  a d v e r s e ly  a f f e c t  t h e  

r a t e  o f  w a te r  l o s s  from wounded t u b e r s  b u t  n o t  non-wounded t u b e r s  and 

by i m p l i c a t i o n  a f f e c t s  t h e  a b i l i t y  o f  p o t a t o e s  t o  wound h e a l  p r o p e r l y .  

F u r t h e r  e x p e r im e n ts  a r e  r e q u i r e d  t o  a d e q u a te ly  d e te r m in e  how t h i s  

o c c u r s ,  a l t h o u g h  i t  seems l i k e l y  t h a t  i t  may be due t o  t h e  i n h i b i t i o n  

o f  c e l l  d i v i s i o n  i n  p e r id e rm  t i s s u e .  The e f f e c t  o f  m e th a n o l  on th e  

r a t e s  o f  w a te r  l o s s  s u g g e s t s  t h a t  t h e  c o m b in a t io n  o f  m ethano l  and 

C hlorpropham  i n  fo g  a p p l i c a t i o n s  may d e l e t e r i o u s l y  a f f e c t  w a te r  l o s s e s  

from  u n c u re d  p o t a t o e s  by com bining  th e  a d v e r s e  e f f e c t s  o f  b o th

272



c h e m ic a l s .  A l t e r n a t i v e  s o l v e n t s  f o r  Chlorpropham  a p p l i c a t i o n  s h o u ld  

be i n v e s t i g a t e d .

DMN was shown t o  have  l i t t l e  d i s c e r n i b l e  a d v e r s e  e f f e c t  on wound 

h e a l i n g .  I t  s h o u ld  be n o t e d ,  how ever, t h a t  o n ly  one dose  o f  DMN c o u ld  

be in c lu d e d  i n  t h i s  s tu d y  and i t  was found t o  be  i n e f f e c t i v e  i n  

c o n t r o l l i n g  s p r o u t i n g .  F u r th e r  s t u d i e s  u s in g  o t h e r  e x p e r im e n ta l  

t e c h n i q u e s  and a w id e r  r a n g e  o f  DMN d o se s  a r e  r e q u i r e d  t o  d e m o n s t r a te  

i t s  e f f i c a c y  c o n c l u s i v e l y .

T ecnazene , i n  c o n t r a s t  t o  a l l  o f  t h e  o t h e r  t r e a t m e n t s ,  a p p e a re d  t o  

s l i g h t l y  r e d u c e  t h e  r a t e  o f  w a te r  l o s s  i n  c o m p ar iso n  w i th  c o n t r o l s .

The r e d u c t i o n  w as, how ever, a t  a  l e v e l  w hich was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t .  T h is  s u b - s i g n i f i c a n t  e f f e c t  h a s  p r e v i o u s l y  been 

o b s e rv e d ,  a s  i s  d i s c u s s e d  i n  C h a p te r  4 , and i s  w orthy  o f  f u r t h e r  

i n t e r e s t .  Tecnazene  may a f f o r d  an  improvement o v e r  w a te r  l o s s e s  from  

c o n t r o l s  by r e d u c in g  f u n g a l  i n f e c t i o n  and i n h i b i t i n g  s p r o u t i n g ,  b u t  

w i th o u t  f u r t h e r  work t h i s  e x p l a n a t i o n  c an  b e  o n ly  s p e c u l a t i v e .

The r a t e  o f  w a te r  l o s s  a t  v a r i o u s  p o i n t s  i n  t h e  s t o r a g e  s e a s o n  i s  

i n f l u e n c e d  t o  v a r y in g  d e g r e e s  by many f a c t o r s  i n c l u d i n g  s p r o u t i n g ,  

p e r id e rm  f o r m a t io n ,  b a c t e r i a l  and f u n g a l  a t t a c k .  I t  would be o f  g r e a t  

i n t e r e s t  i f  t h e  m agn itude  o f  t h e  c o n t r i b u t i o n  o f  each  o f  t h e s e  f a c t o r s  

t o  w a te r  l o s s e s  a t  any g iv e n  p o i n t  i n  t h e  s t o r a g e  s e a s o n  c o u ld  be 

i d e n t i f i e d .  F o r  example i t  may be p o s s i b l e  t o  use  Tecnazene  in  

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

c o n t r i b u t i o n s  o f  s p r o u t i n g  and some f u n g a l  s p o i l a g e  t o  w a te r  l o s s  a s  

i t  does  n o t  seem t o  i n h i b i t  wound h e a l i n g .

The r a t e  o f  w a te r  l o s s  found i n  c u r e d ,  non-wounded i r r a d i a t e d  

p o t a t o e s  was n o t  s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  from c o n t r o l s .  Thus
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t h e  e f f e c t  o f  i r r a d i a t i o n  on t h e  a b i l i t y  o f  p o t a t o e s  t o  h e a l  wounds 

can  be overcome by th e  use  o f  a p p r o p r i a t e  s t o r e  management p r a c t i c e s ,  

p r i m a r i l y  by t h e  o b s e rv a n c e  o f  a  p r e - i r r a d i a t i o n  c u r i n g  p e r i o d .

7 .4  I s o l a t e d  p e r id e rm  s t u d i e s

M easurem ents o f  t h e  w e ig h ts  o f  p e r id e rm  i s o l a t e d  from  a g iv e n  a r e a  

from  u n t r e a t e d  p o t a t o e s  o v e r  a  s t o r a g e  s e a s o n  i n d i c a t e  t h a t  a r a p i d  

deve lopm en t t a k e s  p l a c e  i n  t h e  f i r s t  20 d ays  o f  s t o r a g e .  T h is  was 

fo l lo w e d  by a s lo w e r  b u t  c o n s t a n t  p e r i o d  o f  p e r id e rm  w e ig h t  i n c r e a s e .  

These o b s e r v a t i o n s  a r e  i n  ag reem en t  w i th  t h e  way i n  w hich p e r id e rm  h a s

been  shown t o  d e v e lo p  a f t e r  h a r v e s t  o r  a f t e r  wounding.

No s i g n i f i c a n t  e f f e c t s  o f  t h e  s p r o u t  s u p p r e s s a n t  c h e m ic a ls  

C hlorpropham  and T ecnazene o r  0 .1 0  and 0 .1 5  kGy i r r a d i a t i o n  t r e a t m e n t s  

were  found  on th e  p e r id e rm  p e r m e a b i l i t i e s  o f  t r e a t e d  t u b e r s .  There  

w as, how ever, a  l a r g e  d e g re e  o f  v a r i a b i l i t y  i n  t h e  m easurem ents  o f  

p e r m e a b i l i t y  c o e f f i c i e n t s .  F u r th e r  e x p e r i m e n t a t i o n  i n v o lv i n g  t h e  

deve lopm en t o f  t h e  method u sed  t o  d e te r m in e  p e r m e a b i l i t i e s  may l e a d  t o  

a  s u f f i c i e n t  r e f in e m e n t  o f  t h a t  method t o  e n a b le  t h e  e f f e c t s  o f  

t r e a t m e n t  t o  be s e e n  above random v a r i a b i l i t y .

The s t u d i e s  c a r r i e d  o u t  i n  C h a p te r  5 were c a r r i e d  o u t  on two p o i n t s

i n  t h e  s t o r a g e  s e a s o n ,  a f t e r  20 days  and a f t e r  123 d a y s .  No

s i g n i f i c a n t  d i f f e r e n c e  was found  be tw een  t h e  p e r m e a b i l i t i e s  o f  

p e r id e rm s  i s o l a t e d  a t  t h e  two p o i n t s  i n  s t o r a g e .  P e r id e rm s  were 

i s o l a t e d  from s e v e r a l  o t h e r  p o i n t s  i n  t h e  s t o r a g e  s e a s o n  and  f u r t h e r  

i n f o r m a t io n  on th e  e f f e c t s  o f  t r e a t m e n t  w i th  s t o r a g e  t im e  may be 

p ro v id e d  by m ea su r in g  t h e i r  p e r m e a b i l i t i e s .

I t  may a l s o  be f r u i t f u l  t o  m easu re  t h e  p e r m e a b i l i t i e s  o f  p e r id e rm s
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i s o l a t e d  a t  t h e  e a r l i e r  s t o r a g e  sam ple p o i n t s  i n  s u b s e q u e n t  s t u d i e s  t o  

d e t e c t  d i f f e r e n c e s  when p e r id e rm  deve lopm ent i s  more r a p i d .  P e r id e rm s  

i s o l a t e d  from g roup  1 p o t a t o e s  may p ro v id e  i n f o r m a t io n  a b o u t  t h e  

p e r m e a b i l i t i e s  o f  p e r id e rm s  i s o l a t e d  a t  t h e  e a r l i e r  s t a g e s  o f  s t o r a g e  

a s  more sam ples  w ere  t a k e n  d u r in g  t h a t  p e r io d  from  g ro u p  1 p o t a t o e s .  

F u r t h e r  work i s  r e q u i r e d  i f  t h e  p o t e n t i a l  o f  t h i s  t e c h n i q u e  i s  t o  be 

r e a l i s e d .

7 .5  I r r a d i a t i o n  o f  p e s t i c i d e s

The e f f e c t  o f  i r r a d i a t i o n  on p e s t i c i d e s  t h a t  a r e  a p p l i e d  t o  food  i s  

a s  y e t  in c o m p le t e ly  u n d e r s to o d .  Much work i s  r e q u i r e d  t o  f i l l  any 

g a p s  i n  o u r  knowledge o f  t h e  p o t e n t i a l  r i s k s  posed  by th e  p o s s i b l e  

p r o d u c t s  o f  such  combined t r e a t m e n t s .  T h is  s tu d y  h a s  shown t h a t  two 

commonly a p p l i e d  p o t a t o  s p r o u t  s u p p r e s s a n t  c h e m ic a l s ,  C h lorpropham  and 

T e c n azen e ,  can  i n  some c h e m ic a l  e n v iro n m e n ts  be b ro k en  down t o  o t h e r  

p r o d u c t s  by i r r a d i a t i o n .

The m a jo r  breakdown p ro d u c t  o f  Chlorpropham  was i d e n t i f i e d  a s  

Propham b u t  o t h e r  p r o d u c t s  o f  Chlorpropham  r a d i o l y s i s  and  s e v e r a l  

p r o d u c t s  o f  Tecnazene r a d i o l y s i s  o b se rv e d  i n  t h e  c o u r s e  o f  t h i s  s tu d y  

have  n o t  y e t  been i d e n t i f i e d .  The c o n t i n u in g  p r o g r e s s  o f  

i n v e s t i g a t i o n s  on t h i s  t o p i c  would be o f  r e l e v a n c e  i n  d e c id i n g  w h e th e r  

i r r a d i a t i o n  t r e a tm e n t  i s  s a f e  t o  u se  i n  c o n ju n c t io n  w i th  c h e m ica l  

t r e a t m e n t s .  The mechanism by w hich t h e  r a d i o l y s i s  o f  C hlorpropham  and 

T ecnazene  t a k e s  p l a c e  h a s  y e t  t o  be e l u c i d a t e d  and c o u ld  p r o v id e  an 

i n s i g h t  i n t o  how t h e s e  c h e m ic a ls  would behave i f  i r r a d i a t e d  i n  a 

p o t a t o  s t o r e .  S ubsequen t  s t u d i e s  o f  t h e  e f f e c t  o f  a  w id e r  r a n g e  o f  

c h e m ic a l  e n v iro n m e n ts  on t h e  r a d i o l y t i c  breakdown o f  t h o s e  c h e m ic a l s  

would a l s o  be o f  p r a c t i c a l  i n t e r e s t .
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O th e r  c h e m ic a ls  commonly a p p l i e d  t o  s t o r e d  p o t a t o e s ,  and t h e r e f o r e  

w hich may a l s o  be i r r a d i a t e d ,  such  a s  T h ia b e n d a z o le  (TBZ) and  2 -  

am inobu tane  (2-AB) a r e  a l s o  w orthy  o f  f u r t h e r  r e s e a r c h .  In  a  w id e r  

c o n te x t  t h e  s co p e  o f  such  i n v e s t i g a t i o n s  can be b ro ad en ed  t o  i n c l u d e  

fo o d  c o n ta m in a n ts  o r  a d d i t i v e s  l i k e l y  t o  be i r r a d i a t e d  w i th  fo o d .  I f  

p r i o r i t i e s  a r e  t o  be  s e t  a s  t o  w hich c h e m ic a ls  m e r i t  most im m edia te  

i n t e r e s t  i t  would be  s e n s i b l e  t o  p l a c e  a h ig h  p r i o r i t y  on c h e m ic a ls  

w hich a r e  a p p l i e d  a f t e r  h a r v e s t  and w i l l  t h e r e f o r e  d e f i n i t e l y  be  

p r e s e n t  i n  food  i n  s i g n i f i c a n t  q u a n t i t i e s .  O th e r  f a c t o r s  w hich may be 

w eighed  i n  d e c id i n g  p r i o r i t i e s  f o r  f u r t h e r  s tu d y  a r e  t h e  t o x i c i t y  o f  

t h e  c h e m ic a ls  u n d e r  c o n s i d e r a t i o n ,  t h e  t o x i c i t y  o f  t h e i r  l i k e l y  

p r o d u c t s ,  w here r e a s o n a b ly  p r e d i c t a b l e ,  and t h e  amount o f  t r e a t e d  food  

l i k e l y  t o  be i n g e s t e d  i n  an  a v e ra g e  d i e t .

I n v e s t i g a t i o n s  o f  t h e  breakdown o f  fo o d  a d d i t i v e s  and c o n ta m in a n ts  

s h o u ld  be se e n  a s  a  p r e r e q u i s i t e  t o  c o n s e n t  f o r  i r r a d i a t i n g  food  

c o n t a i n i n g  them , a l t h o u g h  l i t t l e  c o n s i d e r a t i o n  h a s  been g iv e n  t o  them 

i n  t h e  d e c i s i o n  t o  ap p ro v e  t h e  u se  o f  i r r a d i a t i o n  i n  t h e  U .K ..  For 

exam ple no r e f e r e n c e  t o  t h e  r a d i o l y s i s  o f  t h e s e  s u b s ta n c e s  c o u ld  be 

found i n  t h e  r e p o r t  o f  t h e  ACINF (A non .,  1 986a).  The a p p ro v a l  o f  

i r r a d i a t i o n  f o r  u se  on such  fo o d s  s h o u ld  be w i th h e ld  u n t i l  t h e s e  

i n v e s t i g a t i o n s  a r e  c o m p le te d .



7 .6  V i a b i l i t y  o f  food  i r r a d i a t i o n  

S i t i n g  o f  t h e  i r r a d i a t i o n  f a c i l i t y

I f  i r r a d i a t i o n  i s  t o  be used  a s  a  method o f  s p r o u t  s u p p r e s s io n  

t h e r e  a r e  s e v e r a l  l o g i s t i c a l  p rob lem s i n h e r e n t  in  i t s  u s e  which must 

f i r s t  be  s o l v e d .  The n a t u r e  o f  t h e s e  p rob lem s depends on th e  

r e q u i r e m e n ts  o f  t h e  p r o d u c e r s ,  p o t a t o  p r o c e s s o r s  and consum ers .

An im p o r ta n t  c o n s i d e r a t i o n  i n  i r r a d i a t i n g  a g r i c u l t u r a l  p roduce  o f  

low v a lu e  p e r  w e ig h t  i s  t h e  s i t i n g  o f  t h e  i r r a d i a t i o n  f a c i l i t y ,  a s  

t r a n s p o r t a t i o n  t o  a  rem o te  f a c i l i t y  may r e s u l t  i n  u n a c c e p ta b l e  

i n c r e a s e s  i n  c o s t .  The c h o ic e  o f  a  s u i t a b l e  s i t e  w i l l  depend on  th e  

u l t i m a t e  u s e  t o  w hich th e  i r r a d i a t e d  p o t a t o e s  w i l l  be p u t .  I f  th e y  

a r e  t o  be u sed  f o r  p r o c e s s e d  p o t a t o  p r o d u c t s ,  and  t h e r e f o r e  t o  be 

s t o r e d  f o r  a s u b s t a n t i a l  p e r io d  o f  t im e  b e f o r e  u s e ,  a  c e n t r a l i s e d  

f a c i l i t y  a t  t h e  s i t e  o f  s t o r a g e  i s  p e rh a p s  t h e  most e f f i c i e n t  a n s w e r .  

However, i f  p o t a t o e s  a r e  t o  be t r a n s p o r t e d  a f t e r  i r r a d i a t i o n  d i r e c t l y  

t o  t h e  consum er,  t r a n s p o r t a t i o n  t o  a  c e n t r a l i s e d  f a c i l i t y  may n o t  make 

econom ic s e n s e .  I n s t e a d ,  s m a l l e r  l o c a l  f a c i l i t i e s  o r  m o b ile  

i r r a d i a t o r s  may be t h e  m ethods o f  c h o ic e .  M obile  f a c i l i t i e s  may a l s o  

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

o f  t h e  n e c e s s a r y  s i z e  on th e  p u b l i c  n e tw o rk s .

I n  t h e  U.K. i t  would a p p e a r  l i k e l y  t h a t  p r o c e s s o r s  w i th  a  few 

c e n t r a l  s t o r a g e  f a c i l i t i e s  may p r e f e r  t o  have i r r a d i a t i o n  f a c i l i t i e s  

a t  t h o s e  few s i t e s  (d ep e n d in g  on t h e  c o s t  o f  a  f a c i l i t y ) .  The ty p e  o f  

p o t a t o  s t o r e  i t s e l f  i s  an  im p o r ta n t  f a c t o r  i n  d e te r m in in g  t h e  

s u i t a b i l i t y  o f  t h e  a p p l i c a t i o n  o f  t h e  i r r a d i a t i o n  p r o c e s s .  Bulk 

s t o r a g e  o r  box s t o r e s  a r e  t h e  two most common t y p e s  used  by 

p r o c e s s o r s ,  i r r a d i a t i o n  t r e a tm e n t  would be made e a s i e r  i f  p o t a t o e s
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were s t o r e d  i n  boxes  a s  whole boxes c o u ld  t h e n  be i r r a d i a t e d .  Bulk 

s t o r e d  p o t a t o e s  would have  t o  be  h a n d le d  more r e s u l t i n g  i n  g r e a t e r  

damage and l o s s .

In  a  p u r e ly  S c o t t i s h  c o n t e x t ,  t h e  o p t io n  o f  i r r a d i a t i o n  a s  a  s p r o u t  

s u p p r e s s a n t  t e c h n i q u e  i s  l e s s  e a s y  t o  f i t  i n t o  t h e  m arke t  s t r u c t u r e  

t h a n  i n  t h e  U.K. a s  a  w h o le .  S c o t t i s h  p o t a t o  p r o d u c t i o n  f a l l s  i n t o  

two main c a t e g o r i e s ;  p r o d u c t io n  f o r  d o m e s t ic  ware consum ption  and 

p r o d u c t io n  f o r  s e e d .  The l a t t e r  i s  o f t e n  t r a n s p o r t e d  f o r  u se  i n  t h e  

r e s t  o f  t h e  U.K. o r  e x p o r t e d .

S p ro u t  s u p p r e s s a n t s  a r e  n o t  used  on ware p o t a t o e s  f o r  d i r e c t  

d o m e s t ic  consum ption  a t  p r e s e n t  b u t  i r r a d i a t i o n  c o u ld  be  used  t o  

p ro lo n g  t h e i r  s h e l f  l i f e .  I f  i r r a d i a t i o n  i s  t o  be used  i t  would 

r e q u i r e  a  c o o r d i n a t e d  a p p ro a c h  amongst p r o d u c e r s  who would be u n a b le  

t o  b e a r  t h e  h ig h  c a p i t a l  c o s t  o f  an  i r r a d i a t i o n  f a c i l i t y  i n d i v i d u a l l y .  

I n c r e a s e d  t r a n s p o r t  c o s t s  would be i n c u r r e d  a s  p o t a t o e s  would have  t o  

be t r a n s p o r t e d  t o  t h e  i r r a d i a t o r  and  th e n  t o  t h e  m arke t  p l a c e  o r  

r e t a i l e r .

The u s e  o f  s p r o u t  s u p p r e s s a n t s  on se ed  p o t a t o e s  i s  banned , a l t h o u g h  

T ecnazene  i s  o f t e n  a p p l i e d  t o  them , u n d e r  t h e  g u i s e  o f  a  f u n g i c i d a l  

t r e a t m e n t ,  t o  i n h i b i t  s p r o u t i n g  u n t i l  t h e  f o l l o w i n g  g row ing  s e a s o n .  

T ecnazene  t r e a t e d  p o t a t o e s  a r e  a i r e d  b e f o r e  p l a n t i n g  t o  remove th e  

c h e m ic a l  e n a b l i n g  them t o  s p r o u t .  However, s p r o u t  i n h i b i t i o n  by 

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

t r e a t e d  t h e  p o t a t o e s  c a n n o t  be used  a s  s e e d .  The do se  r e q u i r e d  f o r  

a d e q u a te  s p r o u t  c o n t r o l  by i r r a d i a t i o n ,  0 .0 5  -  0 .1 5  kGy, would be t o o  

g r e a t  t o  a l lo w  any su b s e q u e n t  s p r o u t i n g .  A 0 .0 5  kGy do se  was found  t o  

r e s u l t  i n  r e d u c e d  em ergence by Sparrow  and C h r i s t e n s e n  (1 9 5 6 ) ,
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r e s u l t i n g  i n  a  y i e l d  o f  o n ly  4% o f  t h e  y i e l d  o f  c o n t r o l s  a t  t h a t  d o se .  

Low d o s e s  o f  i r r a d i a t i o n  have been  r e p o r t e d  t o  s t i m u l a t e  s p r o u t i n g  

( F is h c h n ic h  _et a l . , 1962) and have  been s u g g e s te d  a s  a  method o f  

c h i t t i n g  p o t a t o e s  p r i o r  t o  p l a n t i n g .  However, a  v e ry  c l o s e  c o n t r o l  o f  

low d o s e s  would have  t o  be k e p t  which would n o t  be p r a c t i c a b l e  due t o  

t h e  n o n - u n i f o r m i ty  o f  dose  r e c e iv e d  by i r r a d i a t e d  f o o d s .  Any s m a l l  

i n c r e a s e  i n  d ose  above t h a t  r e q u i r e d  f o r  s t i m u l a t i o n  would r e s u l t  i n  

r e d u c e d  em ergence .

The c h o ic e  o f  s i t e  and ty p e  o f  i r r a d i a t i o n  f a c i l i t y  most s u i t a b l e  

w i l l  t h e r e f o r e  be made on l a r g e l y  economic g ro u n d s .  Secondary  o r  

s h a re d  u s e s  o f  t h e  i r r a d i a t i o n  f a c i l i t y  f o r  o t h e r  fo o d s  and o t h e r  

p u rp o s e s  may make i t  a  more a t t r a c t i v e  p r o p o s i t i o n .

I t  i s  o u t w i th  t h e  sco p e  o f  t h i s  t h e s i s  t o  d i s c u s s  t h e  economic 

a rg u m e n ts  c o n c e r n in g  i r r a d i a t i o n  i n  any d e t a i l .  I t  m u s t ,  how ever ,  be 

u n d e r s to o d  t h a t  i r r a d i a t i o n  t r e a tm e n t  w i l l  o n ly  be a d o p te d  i f  i t  i s  

e c o n o m ic a l ly  a d v a n ta g e o u s .

The i r r a d i a t i o n  d e b a te

One r e q u i r e m e n t  f o r  t h e  s u c c e s s f u l  i n t r o d u c t i o n  o f  i r r a d i a t e d  food  

i n  t h e  U.K. i s  an a d e q u a te  l e v e l  o f  consum er a c c e p ta n c e  o f  i r r a d i a t e d  

fo o d .  From m arke t  s u rv e y s  o f  p u b l i c  o p i n io n  i t  a p p e a r s  t h a t  t h e r e  i s  

a  s u b s t a n t i a l  a n t i - i r r a d i a t i o n  f e e l i n g  amongst consum ers  (A non .,

1987c; A non.,  1 989c).  I t  i s  w o r th  commenting i n  c o n n e c t io n  w i t h  t h i s  

s u b j e c t  t h a t  a  g r e a t  d e a l  o f  t h e  m a t e r i a l  w r i t t e n  on  t h e  s u b j e c t  o f  

food  i r r a d i a t i o n  i n  new spape rs  and m ag az in es  h a s  been i n a c c u r a t e ,  

l a c k i n g  i n  b a l a n c e ,  and i n  some c a s e s ,  s e n s a t i o n a l i s t .  These 

c o n t e n t i o n s  can be i l l u s t r a t e d  by a b r i e f  p e r u s a l  o f  t h e  h e a d l i n e s  o f
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some newspaper  and magazine a r t i c l e s  on t h e  s u b j e c t ;  " P l a n s  t o  r a d i a t e  

o u r  food  must  be s c r a p p e d  r i g h t  now" (Anon . ,  1986b) ,  " I r r a d i a t i o n  -  

who ne e ds  i t ? "  (Anon . ,  1986c) ,  " P o l i c i n g  t h e  food  Zapper"  (Cogh lan ,  

1986) .  T h i s  poor  l e v e l  o f  j o u r n a l i s m  i s  n o t  u n i v e r s a l ,  s a n e  a r t i c l e s  

have  p r o v id e d  e s s e n t i a l  f a c t s  f o r  t h e  r e a d e r s  t o  make t h e i r  own 

judgem en ts  ( H i g h f i e l d ,  1986; McGregor , 1989) .  However,  i n  a  consumer 

s u r v e y  i n  1987 t h e  m a j o r i t y  o f  p e o p le  q u e s t i o n e d  f a i l e d  t o  c o r r e c t l y  

answer  more t h a n  h a l f  o f  13 t r u e  o r  f a l s e  q u e s t i o n s  on t h e  s u b j e c t  o f  

food  i r r a d i a t i o n  (Anon . ,  1987c) .  I t  i s  t o  be hoped t h a t  some 

improvement  i n  t h e  p u b l i c ' s  u n d e r s t a n d i n g  o f  t h e  p r o c e s s  h a s  t a k e n  

p l a c e  s i n c e .

I t  i s  n o t  t h i s  a u t h o r ' s  i n t e n t i o n  t o  s u p p o r t  t h e  a p p r o v a l  o r  

o t h e r w i s e  o f  i r r a d i a t i o n  on any b u t  s c i e n t i f i c  g r o u n d s ,  b u t  r a t h e r  t o  

o b s e r v e  t h a t  a  w e l l  in fo rm e d  d e b a t e  on t h e  s u b j e c t  i s  d e s i r a b l e ,  and 

i s  more l i k e l y  t o  r e s u l t  i n  a  s e n s i b l e ,  c o n s i d e r e d  d e c i s i o n  b e in g  

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

Sane  p o p u l a r  m i s c o n c e p t i o n s  a b o u t  food  i r r a d i a t i o n ,  such  a s  t h o s e  

o u t l i n e d  i n  C h a p t e r  1, need t o  be c o r r e c t e d  by t h e  p r o v i s i o n  o f  

i n f o r m a t i o n  which i s  b o t h  a v a i l a b l e  t o  and a s s i m i l a b l e  by t h e  layman.  

For  example t h e  much r e p e a t e d  m i s c o n c e i v e d  c o n n e c t i o n  o f  i r r a d i a t i o n  

w i t h  " r a d i o a c t i v e  food"  can be c o r r e c t e d  by a  s u i t a b l e  e d u c a t i o n a l  

r e s p o n s e .  The r e p o r t  o f  t h e  gove rnment  w ork ing  p a r t y  on  food  

i r r a d i a t i o n  (Anon . ,  1989d) i n d e e d  recommends such a  c o u r s e .  I t  i s  t o  

be hoped t h a t  t h e  p u b l i c i t y  g e n e r a t e d  a s  t h e  Food B i l l  p a s s e s  t h r o u g h  

p a r l i a m e n t  w i l l  r e s u l t  i n  more i n f o r m a t i o n  b e i n g  made a v a i l a b l e  t o  t h e  

p u b l i c  on t h e  s u b j e c t  o f  food  i r r a d i a t i o n .

The v iews  o f  food  r e t a i l e r s  tow ard  s e l l i n g  i r r a d i a t e d  food  have  

been  r e p o r t e d l y  q u i t e  n e g a t i v e ,  many i n s i s t  t h e y  w i l l  n o t  s t o c k
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i r r a d i a t e d  food (Anon. ,  1989c ) .  Th is  can be s e en  a s  a  r e f l e c t i o n  o f  

t h e i r  c u s to m e r s  d e s i r e  n o t  t o  p i c k  up i r r a d i a t e d  food a c c i d e n t a l l y  

f rom t h e  s h e l v e s  o f  t h e i r  l o c a l  s u p e rm a rk e t  o r  t o  p u r c h a s e  i t  i n  an 

o t h e r w i s e  n o n - i r r a d i a t e d  p r o d u c t  on s a l e  i n  a  s u p e rm a rk e t  which does  

s e l l  i r r a d i a t e d  f o o d .  D i s t i n c t i v e  l a b e l l i n g  o f  i r r a d i a t e d  food  may go 

seme way t o  a s s u a g i n g  t h o s e  f e a r s .

I d e n t i f i c a t i o n  o f  i r r a d i a t e d  food

At p r e s e n t  t h e r e  i s  no d i r e c t  u n i v e r s a l  method o f  d e t e r m i n i n g  

w h e th e r  food  has  been i r r a d i a t e d  o r  n o t .  Some methods  p r e s e n t l y  unde r  

i n v e s t i g a t i o n  i n  t h e  U.K. i n c l u d e  rad io im m unoassay  o f  DNA r a d i o l y s i s  

p r o d u c t s ,  E .S .R .  o f  h y d r o x y l  r a d i c a l s  p roduced  by r a d i o l y s i s  and t h e  

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

i r r a d i a t e d  food (Anon . ,  1987b; Coghlan ,  1990) .  The Consumer 

A s s o c i a t i o n ,  t h r o u g h  t h e i r  p u b l i c a t i o n  Which?,  have s t a t e d  t h a t  t h e y  

r e g a r d  t h e  i n t r o d u c t i o n  o f  i r r a d i a t e d  food  w i t h o u t  a  method f o r  i t s  

i d e n t i f i c a t i o n  a s  p r e m a tu r e  (Anon . ,  1989c) .  The government  w ork ing  

p a r t y  r e p o r t  ( A n o n . , 1989d) a r g u e s  t h a t  t h e  l a b e l l i n g  o f  i r r a d i a t e d  

food  w i t h  b a t c h  numbers  which can be  t r a c e d  back  t o  t h e  o r i g i n a l  

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

o f  food  i r r a d i a t i o n .  However, w i t h o u t  some fo rm  o f  i d e n t i f i c a t i o n  

t e s t ,  even  w i t h  l a b e l l i n g  r e g u l a t i o n s ,  some a b u s e  o f  t h i s  s y s t e m  may 

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

su c h  a  u n i v e r s a l  method may be  v e ry  d i f f i c u l t  t o  overcome due t o  t h e  

l a r g e  number o f  d i f f e r e n t l y  c o n s t i t u t e d  f oods  t o  be a s s e s s e d  and  t h e  

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

i r r a d i a t e d  p r o d u c t s  (2nd g e n e r a t i o n  p r o d u c t s ) .

One answer  t o  t h i s  di lemma may be  t o  d e m o n s t r a t e  by r e s e a r c h  t h a t
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i r r a d i a t e d  food i s  s a f e  and does  n o t  r e q u i r e  s p e c i a l  i d e n t i f i c a t i o n .

I f  i r r a d i a t i o n  i s  found  t o  be u n s a f e  f o r  p a r t i c u l a r  fo o d s  o r  p r o d u c t s  

t h e y  s h o u ld  n o t  be a pproved  f o r  i r r a d i a t i o n  a l t h o u g h  t h i s  may once 

more r a i s e  t h e  problem o f  t h e  m o n i t o r i n g  o f  such  r e g u l a t i o n s .

I r r a d i a t i o n  l e g i s l a t i o n  i n  t h e  U.K.

The p r o p o s a l s  c o n t a i n e d  i n  t h e  r e p o r t  o f  t h e  government  work ing  

p a r t y  on t h e  i n t r o d u c t i o n  o f  i r r a d i a t e d  food  t o  t h e  U.K. (Anon . ,

1989d) a r e  l i k e l y  t o  be l a r g e l y  i n c l u d e d  i n  t h e  l e g i s l a t i o n  i f  p a s s e d  

by p a r l i a m e n t .  The r e p o r t  s u g g e s t s  t h a t  a p p r o v a l  s h o u l d  be g i v e n  f o r  

a l l  f o o d s  t o  be i r r a d i a t e d  t o  a  maximum do s e  o f  10 kGy s u b j e c t  t o  good 

m a n u f a c t u r i n g  p r a c t i c e .  T h i s  recom mendat ion i s  i n  l i n e  w i t h  t h e  

r ecom menda t ions  o f  t h e  ACINF (Anon . ,  1986a) and t h e  Codex A l i m e n t a r i u s  

Commission, t h e  j o i n t  W.H.O/F.A.O body which  s e t s  s t a n d a r d s  on 

p r a c t i c e s  i n  t h e  a g r i c u l t u r e  and food  i n d u s t r i e s  ( t h e s e  

recom menda t ions  a r e  r ev ie w e d  by U rba in  ( 1 9 8 6 ) ) .  The b l a n k e t  

a c c e p t a n c e  o f  t h e  i r r a d i a t i o n  o f  a l l  f o o d s  i s  i n  marked c o n t r a s t  t o  

t h e  form o f  a p p r o v a l  e n v i s a g e d  by t h e  E.C.  and which  some European 

c o u n t r i e s ,  such  a s  F r a n c e ,  Belgium and The N e t h e r l a n d s ,  a l r e a d y  a p p l y .  

The E.C .  p r o p o s a l s  s p e c i f y  t h a t  i r r a d i a t i o n  w i l l  o n ly  be  a l l o w e d  i f  i t  

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

a d v a n t a g e .  The U.K. p r o p o s a l s  t r e a t  a l l  f o o d s  a l i k e  and p l a c e  t h e  

i n i t i a t i v e  i n  d e c i d i n g  w h e th e r  a  food  s h o u l d  be i r r a d i a t e d  o r  n o t  

l a r g e l y  i n  t h e  hands  o f  p r o c e s s o r s .  I t  i s  p e rh a p s  i n a d v i s a b l e  t o  

e x p e c t  t h e  food i n d u s t r y  t o  b o t h  d e c i d e  which p r o c e d u r e s  make good 

commerc ial  s e n s e  and which a r e  i n  t h e  b e s t  i n t e r e s t s  o f  consum ers .

Such d e c i s i o n s  a r e  more p r o p e r l y  t h e  r e s p o n s i b i l i t y  o f  government  

t h r o u g h  t h e  d e p a r t m e n t s  o f  A g r i c u l t u r e  and H e a l t h .
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The p r o c e s s  o f  i r r a d i a t i o n  i s  t o  be i n t r o d u c e d  i n  t h e  U.K. a t  a 

t im e  when, w i t h  i n c r e a s i n g  p u b l i c  c o n c e r n  a b o u t  t h e  wholesomeness  o r  

o t h e r w i s e  o f  f o o d ,  t h e  food i n d u s t r y  i s  unde r  c l o s e  s c r u t i n y .  To some 

e x t e n t  t h e  p u b l i c  a t t i t u d e  t o  i r r a d i a t e d  food  c a n  be  s e e n  a s  a  v i c t i m  

o f  ou r  i n c r e a s i n g  i n t e r e s t  i n  what  we e a t .  As p u b l i c  a w a r e n e s s  and 

knowledge  on food  i s s u e s  h a s  i n c r e a s e d  t h e  s t a n d a r d s  r e q u i r e d  f o r  

i n t r o d u c i n g  new food  a d d i t i v e s  and p r o c e s s e s  have b e e n ,  q u i t e  

c o r r e c t l y ,  r a i s e d ,  making i t  more d i f f i c u l t  t o  i n t r o d u c e  them t h a n  i n  

t h e  p a s t .  Th is  i s  p a r t i c u l a r l y  t h e  c a s e  when such  a  p o t e n t i a l l y  

e m o t ive  p r o c e s s  a s  i r r a d i a t i o n  i s  i n v o l v e d .  The a s s o c i a t i o n  o f  

i r r a d i a t i o n  w i t h  r a d i o a c t i v i t y  h a s  a l s o  l i n k e d  t h e  p r o c e s s  w i t h  t h e  

n u c l e a r  i n d u s t r y  a t  a  t im e  when q u e s t i o n s  a r e  b e i n g  r a i s e d  a s  t o  i t s  

s a f e t y .  These f a c t o r s  may have i n f l u e n c e d  t h e  p u b l i c ' s  a t t i t u d e  t o  

t h e  i n t r o d u c t i o n  o f  food  i r r a d i a t i o n .

I n  o r d e r  t o  be app roved  i r r a d i a t i o n  s h o u ld  be  shown e i t h e r  t o  be 

s a f e ,  o r  t o  o f f e r  a n  improvement ove r  a  l e s s  s a f e  p r a c t i c e .  The 

s a f e t y  o f  i r r a d i a t i o n  h a s  been d e m o n s t r a t e d  w i t h  t h e  e x c e p t i o n s  

a l r e a d y  d i s c u s s e d  i n  t h i s  and o t h e r  c h a p t e r s  b u t  w h i l e  t h e s e  

e x c e p t i o n s  r em ain  l i m i t e d  a p p r o v a l  o f  i r r a d i a t i o n  would a p p e a r  t o  be  a 

more s e n s i b l e  c o u r s e  t h a n  t h e  c o m pre hens ive  a p p r o v a l  p r o p o s e d .  Where 

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

p r o v i d e d  i t  o f f e r s  no p o t e n t i a l  harm,  a p p r o v a l  s h o u ld  n o t  be  r e s i s t e d .  

However , b l a n k e t  a p p r o v a l  i s  n o t  y e t  j u s t i f i e d .
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