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INTRODUCTION

The a n a e r o b ic  r e s p i r a t i o n  o f  p l a n t s  h a s  b e e n  s t u d i e d  r a t h e r  e x t e n s i v e l y .  

E v e ry  p l a n t  so f a r  s t u d i e d  e x c e p t  a  s p e c i e s  o f  E lo d e a  (L yon , 1923) h a s  b een  

found  c a p a b le  o f  p ro d u c in g  c a rb o n  d i o x i d e  i n  t h e  a b se n c e  o f  f r e e  o x y g en .  

B ecause  o f  t h i s  a lm o s t  u n i v e r s a l  o c c u r r e n c e  o f  t h e  phenomenon, a n a e r o b ic  

r e s p i r a t i o n  i s  now c o n s id e r e d  a norm al p r o c e s s  o f  p l a n t s  and n o t an a d a p t a ­

t i o n  t o  an u n u s u a l  c o n d i t i o n .  A lc o h o l ic  f e r m e n t a t i o n  by y e a s t  i s  a  ty p e  o f  

a n a e r o b ic  r e s p i r a t i o n ,  and a  s i m i l a r  p r o c e s s  h a s  been  p ro v ed  t o  o c c u r  i n  

h i g h e r  p l a n t s  as  a  no rm al p r o c e s s  and n o t  as i n c i d e n t a l  t o  d e a t h .  The p r e s e n t  

c o n c e p t  o f  t h e  g e n e t i c  c o n n e c t io n  o f  t h e  a n a e r o b ic  and a e r o b i c  p h a s e s  o f  

r e s p i r a t i o n  w i l l  be d i s c u s s e d  i n  t h e  re v ie w  o f  l i t e r a t u r e .

The c h i e f  p u rp o s e  o f  t h e  p r e s e n t  s tu d y  was t o  d e t e r m in e  t h e  r a t i o  o f  

t h e  a n a e r o b ic  t o  t h e  a e r o b i c  r e s p i r a t i o n ,  t h e  i / N  v a l u e ,  f o r  v a r i o u s  p l a n t s  

and t h e  e f f e c t  o f  d i f f e r e n t  t r e a t m e n t s  t h e r e o n .  The l i t e r a t u r e  c o n t a i n s  

c o n f l i c t i n g  d a t a  on t h i s  s u b j e c t  and f u r t h e r  i n v e s t i g a t i o n  was th o u g h t  

a d v i s a b l e *

Much o f  t h e  work h a s  b een  r e p e t i t i o n  o f  p r e v io u s  r e s e a r c h ,  e x t e n d in g  

t h e  e x p e r im e n ts  o f  e a r l i e r  w o rk e rs  (A pplem an, 1912 , 1915 ,  1918; B a i l e y ,  1921; 

K im brough, 1925* and o t h e r s )  t o  i n c l u d e  a n a e r o b ic  as  w e l l  a s  a e r o b i c  r e s p i ­

r a t i o n .  The e f f e c t s  o f  v a r i o u s  s t o r a g e  t r e a t m e n t s ,  w ound ing ,  and t r e a t m e n t  

w i th  e t h y l  b rom ide  h av e  b een  d e te rm in e d  w i th  p o t a t o e s .  C a r r o t s ,  p a r s n i p s ,  

t u r n i p s ,  and o n io n s  h av e  been s u b j e c t e d  t o  d i f f e r e n t  s t o r a g e  t r e a t m e n t s  i n  

r e g a r d  to  t e m p e r a t u r e .  G reen  sw ee t c o rn  and to m ato  f r u i t s  h ave  b een  s t u d i e d  

a t  d i f f e r e n t  s t a g e s  o f  m a t u r i t y .  M atu re  c o rn  g r a i n ,  and so y b ean s  have  b een  

s t u d i e d  a t  d i f f e r e n t  m o i s t u r e  p e r c e n t a g e s .
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REVIEW OF LITERATURE

W il l ia m  C ru ik sh a n k  ( S t i l e s  and L e a c h ,  1932) w o rk in g  w i th  b a r l e y  g r a i n  

was f i r s t  t o  n o t i c e  t h e  p r o d u c t i o n  o f  c a rb o n  d i o x i d e  i n  t h e  a b s e n c e  o f  oxygen* 

I n  1 8 0 4 ,  de  S a t t s s u re  o b s e rv e d  t h a t  d i f f e r e n t  g r e e n  p l a n t s  l i b e r a t e d  c a rb o n  

d i o x i d e  i n  an a tm o s p h e re  o f  n i t r o g e n .  Much o f  t h e  s u b s e q u e n t  s tu d y  o f  a n a e r o b i  

r e s p i r a t i o n  was w i th  f r u i t s .  B e ra rd  ( H i l l ,  1913) fo u n d  t h a t  g r e e n  f r u i t s  

r i p e n e d  i n  a i r  b u t  n o t  i n  t h e  a b s e n c e  o f  o x y g en .  L e c h a r t i e r  and B ellam y  (1 8 6 9 )  

r e p o r t e d  t h a t  a p p l e s  e v o lv e d  c a rb o n  d i o x i d e  f o r  e i g h t  m o n th s ,  i n  t h e  a b s e n c e  

o f  o x y g en ,  w i th  t h e  p r o d u c t i o n  of a l c o h o l  and c a rb o n  d io x i d e  i n  a lm o s t  e q u a l  

p r o p o r t i o n s .  When P a s t e u r  (1 8 7 2 )  showed t h a t  t h e  r a t i o  o f  c a rb o n  d i o x i d e  t o  

a l c o h o l  was t h e  seme as  i n  y e a s t  f e r m e n t a t i o n ,  L e c h a r t i e r  and B ellam y (1872) 

r e p e a t e d  t h e i r  work and found  a l c o h o l  p r e s e n t  d eep  i n  a p p le  t i s s u e  w here  t h e  

p r e s e n c e  o f  y e a s t  was i m p o s s i b l e .  T h is  was t h e  f i r s t  d e f i n i t e  p r o o f  t h a t  

a n a e r o b ic  r e s p i r a t i o n  i s  a  n o rm a l ,  v i t a l  p r o c e s s  i n  h i g h e r  p l a n t s .  B r e f e ld  

(1 8 7 6 )  found  t h a t  v a r i o u s  m o ld s ,  s e e d s ,  f l e s h y  f r u i t s ,  l e a v e s ,  f l o w e r s ,  and 

wood g av e  o f f  c a rb o n  d i o x i d e  w i th o u t  a c c e s s  t o  ox y g en .  None o f  t h e  m a t e r i a l  

u sed  l i v e d  lo n g  i n  a b s e n c e  o f  oxygen e x c e p t  s p e c i e s  o f  M ucor. P f e f f e r  (1 8 7 8 )  

was f i r s t  t o  u se  t h e  te rm  i n t r a m o l e c u l a r  r e s p i r a t i o n  f o r  t h e  p r o c e s s  i n  p l a n t s  

by w hich  food  m a t e r i a l  i s  u t i l i z e d  by s p l i t t i n g  o f  t h e  m o l e c u l e s ,  w i th  r e l e a s e  

o f  c a rb o n  d i o x i d e ,  p r o d u c t i o n  o f  e n e r g y ,  and t h e  f o r m a t io n  o f  new p r o d u c t s .

He h e ld  t h e  view  t h a t  a l c o h o l  was an i n t e r m e d i a t e  p r o d u c t  o f  oxygen r e s p i r a t i o n  

and t h a t  t h e  i n t r a m o l e c u l a r  p h a se  p re c e d e d  and c au sed  t h e  a e r o b i c  s t a g e .  

Wortmann (1 8 8 0 )  had t h e  same g e n e r a l  i d e a  t h a t  P f e f f e r  h e l d ,  b u t  t h e i r  t h e o r i e s  

have  b een  s u p e r s e d e d  b e c a u se  e x p e r i m e n t a l  e v id e n c e  f a i l e d  t o  s u p p o r t  them .

Bbhm (1 8 8 7 )  o b s e rv e d  t h a t  t h e  i n n e r  ( a n a e r o b i c )  r e s p i r a t i o n  o f  p o t a t o  

t u b e r s  was in d e p e n d e n t  o f  t r a u m a t i c  i n j u r y ,  b u t  was g r e a t e r  i n  t u b e r s  sw ee ten ed  

by e x p o s u re  t o  low t e m p e r a t u r e  th a n  i n  n o n -s w e e te n e d  t u b e r s .
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S t i c h  (1891) r e p e a t e d  some o f  P f e f f e r s  w ork an d  fo u n d  t h a t  t h e  i / u  

v a l u e ,  ie *  t h e  r a t i o  o f  a n a e r o b i c  t o  a e r o b i c  r e s p i r a t i o n ,  v a r i e d  with, t h e  

s t a g e  o f  d e v e lo p m e n t  o f  t h e  m a t e r i a l  u s e d .  He c o n c lu d e d  t h a t  t h e  v a r i o u s  

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

t i o n  d i f f e r e n t l y .  He a l s o  r e p o r t e d  t h a t ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  

e q u a l  am ounts  o f  c a r b o n  d io x i d e  may be  fo rm ed  a e r o b i c a l l y  and a n a e r o b i c a l l y .  

He r e g a r d e d  th e  l i b e r a t i o n  o f  c a rb o n  d i o x i d e  a s  a  l i n k  i n  a  c h a i n  o f  

r e a c t i o n s .  S t i c h  a l s o  fo u n d ,  w i t h  p o t a t o  t u b e r s ,  t h a t  w ounding  d i d  n o t  

a f f e c t  t h e  a n a e r o b i c  r e s p i r a t i o n ;  wounded t u b e r s  i n  h y d ro g e n  p ro d u c e d  

a b o u t  a s  much c a rb o n  d i o x i d e  as unwounded t u b e r s  i n  a i r .  U s in g  gs.s 

m i x t u r e s ,  t h e  r e s p i r a t o r y  q u o t i e n t ,  r / q,, i e .  t h e  r a t i o  b e tw e e n  t h e  c a rb o n  

d i o x i d e  l i b e r a t e d  and  t h e  oxygen  a b s o r b e d ,  r e m a in e d  n e a r l y  c o n s t a n t  

u n t i l  t h e  oxygen  d ro p p e d  t o  2 t o  4  p e r  c e n t*

'T h e o r e t i c a l l y ,  a n a e r o b i c  r e s p i r a t i o n  s h o u ld  g iv e  r i s e  t o  somewhat 

s m a l l e r  am ounts  o f  c a rb o n  d io x i d e  t h a i i  a e r o b i c  r e s p i r a t i o n .  I n  a l c o h o l i c  

f e r m e n t a t i o n ,  o n ly  o n e - t h i r d  a s  much c a rb o n  d i o x i d e  i s  p ro d u c e d  as  when 

t h e  same amount o f  s u g a r  i s  c o m p le te ly  o x i d i z e d  a e r o b i c a l l y .  H owever, 

t h e  i / H  v a l u e  h a s  se ldom  b e e n  found  t o  a p p ro x im a te  t h e  v a l u e  0 . 3 5 ,  n o r  

do es  i t  r e m a in  c o n s t a n t .  W i l s o n 's  d a t a ,  r e p r i n t e d  by E o s ty c h e v ,  (1 9 2 7 ) ,  

c o n t a i n s  i/iT v a l u e s  from  0 .1 8  -  1 . 2 0 .  B o y s e n - J e n s e n  (1925) o b s e r v e d  

ev e n  g r e a t e r  v a r i a t i o n  i n  i / h  v a l u e s .  G-rape f r u i t s  g ave  v e r y  h i g h  i / h  

v a l u e s ,  from  1 .0  t o  1 . 5 .  P o t a t o  t u b e r s  were more v a r i a b l e ,  g i v i n g  

v a l u e s  from 0 .4 4  t o  1 . 1 0 .  E o s ty c h e v  (1927) s t a t e s  t h a t  M o e l l e r  a l s o  

fo u n d  v a r i a b l e  i / H  v a l u e s .  R ic h a r d s  (1896) fo u n d  t h a t  c a r r o t s  l i b e r a t e d  

a b o u t  a s  much c a rb o n  d io x i d e  i n  a n a e r o b i c  a s  i n  a e r o b i c  c o n d i t i o n s .

G u s t a f s o n  (1932) o b s e r v e d  t h a t  t h e  a n a e r o b ic  r e s p i r a t i o n  o f  c a c t i  was 

a b o u t  e q u a l  t o  t h e  a e r o b i c  o v e r  a  p e r i o d  o f  s e v e r a l  d a y s .

On t h e  b a s i s  o f  t h e  w ide v a r i a t i o n  i n  I  / i f  v a l u e s ,  M o e l l e r  (K o s ty c h e v ,  19



B o ro d in  (K o s ty c h e v ,  1927) found  no i n c r e a s e  i n  t h e  a e r o b i c  r e s p i r a t i o n  

o f  an e l d e r  tw ig  a f t e r  a  p e r i o d  o f  a n a e r o b i o s i s , t h e r e b y  q u e s t i o n i n g  P f l i i g e r s  

(1 8 7 5 )  t h e o r y  o f  th e  f o r m a t io n  o f  l a b i l e  i n t e r m e d i a t e  p r o d u c t s  by a n a e r o b ic  

r e s p i r a t i o n .  B o ro d in s  c o n c l u s i o n s  have  b een  d i s p r o v e d  by w o rk e rs  ( S t i c h ,

1891 ; G u s t a f s o n ,  1 930 , 1932) who h ave  o b s e rv e d  i n c r e a s e d  a e r o b i c  r e s p i r a t i o n  

i n  p l a n t  m a t e r i a l s  a f t e r  a  p e r i o d  o f  a n a e r o b i o s i s .  G u s ta f s o n  (1 9 3 0 ,  1932)  

h a s  r e c e n t l y  fo u n d  t h a t  to m a to  f r u i t s  and b ra n c h e s  o f  c a c t i  l i b e r a t e  c a rb o n  

d i o x i d e  more r a p i d l y  a f t e r  rem o v a l from  a n a e r o b ic  c o n d i t i o n s  t h a n  d id  c o n t r o l s  

ru n  c o n t i n u o u s l y  u n d e r  a e r o b i c  c o n d i t i o n s .

Diakonow (1886 e t  s e q . )  o b s e rv e d  t h a t  c e r t a i n  common m olds  w ere  i n c a p a b l e  

o f  l i f e  i n  t h e  a b s e n c e  o f  oxygen when on a  medium l a c k i n g  s a c c h a r i n e  n u t r i e n t s ,  

b u t  r e a d i l y  p ro d u ced  c a rb o n  d i o x i d e  a n a e r o b i c a l l y  on m e d ia  c o n t a i n i n g  s u g a r s .  

Normal r e s p i r a t i o n  o c c u r r e d  on s u g a r  f r e e  m e d ia .  He worked w i th  some h i g h e r  

p l a n t s  and found  t h a t  s e e d s  o f  V i c i a  f a b a  p ro d u ced  more c a rb o n  d i o x i d e  i n  t h e  

a b s e n c e  th a n  i n  t h e  p r e s e n c e  o f  ox y g en ,  and t h a t  t h e  s e e d s  o f  R ic in u s  communis, 

v e ry  low  i n  c a r b o h y d r a t e s ,  showed a v e r y  low a n a e r o b ic  r e s p i r a t i o n .  Diakonow 

co n c lu d e d  from  h i s  e x p e r im e n t s  and t h o s e  o f  o t h e r s ,  t h a t  a n a e r o b ic  r e s p i r a t i o n  

was n o t  g e n e t i c a l l y  c o n n e c te d  w i th  a e r o b i c  r e s p i r a t i o n .  P a l l a d i n  a c c e p te d  

D iakonow 's  c o n c l u s i o n s  f o r  a  t im e ,  and f i n a l l y ,  P f e f f e r  g av e  up h i s  v iew  

c o n c e rn in g  t h e  g e n e t i c  c o n n e c t io n  o f  t h e  two p h a s e s .  From t h i s  g e n e r a l  d i s ­

b e l i e f  i n  t h e  c o n n e c t io n  o f  t h e  two p h a s e s ,  o c c u r r i n g  a b o u t  t h e  end o f  t h e  

n i n e t e e n t h  c e n t u r y ,  t h e  t r e n d  o f  th o u g h t  h a s  s h i f t e d ,  b ased  on more r e c e n t  

w o rk ,  u n t i l  now t h e  t h e o r y  o f  g e n e t i c  c o n n e c t io n  i s  a lm o s t  u n i v e r s a l l y  a c c e p te d *  

K o sty ch ev  and h i s  a s s o c i a t e s  r a n k  p e rh a p s  as  t h e  c h i e f  p r o p o n e n ts  o f  t h e  

new er t h e o r y ,  w h i le  Maquenne and Demoussy, ( 1 9 2 1 ) ,  and Boysen J e n s e n  (1 9 2 3 )  

o f f e r  t h e  s t r o n g e s t  o b j e c t i o n s .

B uchner (1 8 9 7 )  r e p o r t e d  t h e  p r e s e n c e  o f  an enzyme, zym ase, i n  y e a s t ,
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w h ic h  c o u ld  t r a n s f o r m  g l u c o s e  i n t o  a l c o h o l  an d  c a rb o n  d io x id e #  T h i s  r e p o r t  

s t i m u l a t e d  much s tu d y  • G o d lew sk i  an d  P o l z e n i u s z ,  (1 9 0 1 ,  c i t e d  b y  H i l l ,  

1913} d i s c o v e r e d  t h a t ,  i n  t h e  a b s e n c e  o f  oxygen , s e e d s  g a v e  r i s e  t o  a l c o h o l  

an d  c a r b o n  d i o x i d e  i n  a b o u t  e q u a l  p r o p o r t i o n s ,  and  th e y  f a v o r e d  t h e  t h e o r y  

t h a t  a n a e r o b i c  r e s p i r a t i o n  c l o s e l y  r e s e m b le d  a l c o h o l i c  f e m e n t a t i o n *  

K o s ty c h e v  (1902)  d e t e r m in e d  t h a t  a n a e r o b i c  r e s p i r a t i o n  c a n  t a k e  p l a c e  a t  

t h e  e x p e n s e  o f  d i f f e r e n t  o r g a n i c  compounds* t a r t r a t e s ,  p e p t o n e ,  g l y c e r i n  

a n d  o t h e r  m e d ia  w ere  u s e d .  A s p e r g i l l u s  n i g e r  p ro d u c e d  o x a l i c  a c i d  from  

s u g a r s ,  b u t  Muoor s t o t o n i f e r a  p ro d u c e d  o x a l i c  a c i d  i n  t h e  p r e s e n c e  o f  

t a r t r a t e s *

U ab o k ich  (1903 )  a l s o  fo u n d  d i f f e r e n t  t y p e s  o f  a n a e r o b i c  r e s p i r a t i o n .  

A n a e ro b ic  r e s p i r a t i o n ,  o r  f e r m e n t a t i o n  o f  h e x o s e  suga rS j g ave  c a r b o n  d io x id e  

and  a l c o h o l  i n  a lm o s t  t h e o r e t i c a l  p r o p o r t i o n s .  O rg a n ic  a c i d s  w ere  u t i l i z e d  

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

c o n s e q u e n t  r e d u c t i o n  i n  t h e  amount o f  a l c o h o l  p r o d u c e d .  I n  l a c t i c  a c i d  

c u l t u r e s ,  more c a r b o n  d i o x i d e  was form ed t h a n  i n  a l c o h o l i c  f e r m e n t a t i o n .

S t o k l a s a ,  E r n e s t ,  and  Chocensky (1907  ) d e s c r i b e d  a n  enzyme i s o l a t e d  

from  p l a n t s  w h ich  r e s e m b le d  t h e  zymase d e s c r i b e d  by  B u c h n e r ,  and  w hich  

b r o u g h t  a b o u t  l a c t i c  a c i d  an d  a l c o h o l i c  f e r m e n t a t i o n .  T hese  a u t h o r s  

h y p o t h e s i z e d  t h e  f o r m a t io n  o f  a l c o h o l  i n  two s t e p s :  (1 )  t h e  t r a n s f o r m a t i o n

o f  g lu c o s e  t o  l a c t i c  a c i d  by  zym ase, and  (2 )  t h e  p r o d u c t i o n  o f  a l c o h o l  and  

c a rb o n  d i o x i d e  from  t h e  l a c t i c  a c i d  by  t h e  a c t i o n  o f  l a c t a c i d a s e .

K o s ty c h e v  (1904) r e p e a t e d  Diakonow* s work an d  found  t h a t  p r e v i o u s  e r r o r s  

i n  t e c h n i q u e  h a d  g i v e n  r e s u l t s  w h ich  l e d  to  i n c o r r e c t  c o n c l u s i o n s .  Under 

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

p ro d u c e d  c a r b o n  d i o x i d e  i n  t h e  a b s e n c e  o f  oxygen  when on m e d ia  l a c k i n g  

s u g a r .  A f t e r  t h e  d a t a  s u p p o r t i n g  D iakanow *s c o n c l u s i o n s  h a d  b e e n  p r o v e n
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u n r e l i a b l e ,  and  a f t e r  t h e  d i s c o v e r y  o f  zymase i n  h i g h e r  p l a n t s  t h e  g e n e r a l  

o p i n i o n  a g a i n  f a v o r e d  t h e  t h e o r y  o f  t h e  c o n n e c t i o n  o f  t h e  two t y p e s  o f  

r e s p i r a t i o n .

K o s ty c h e v  (1927) s u p p o r t s  t h e  t h e o r y  o f  c o n n e c t i o n .  He, w i t h  o t h e r s  

m e n t io n e d ,  h av e  fo u n d  t h a t  a l c o h o l  i s  n o t  a lw ays  p ro d u c e d  i n  a n a e r o b ic  

r e s p i r a t i o n ,  and  i t  i ’s now c o n s i d e r e d  t h a t  a  number o f  o t h e r  p r o d u c t s  

may a r i s e  by  t h e  a n a e r o b i c  s p l i t t i n g  o f  fo o d  m a t e r i a l s .  A ce ta ld eh y d e  i s  one 

p r o d u c t ,  t h e  e x i s t e n c e  o f  w h ich  h a s  b e e n  p r o v e n .  (K o s ty c h e v ,  1912) O rg a n ic  

a c i d s  may b e  p ro d u c e d  by  a n a e r o b i c  r e s p i r a t i o n  (F a b o k ic h ,  1 9 0 3 ) .

Morkowin (1903) h a s  shown f o r  some p l a n t s  t h a t  t h e  i / h  v a l u e  f o r  a  g iv e n  

p l a n t  i s  n o t  m o d i f i e d  b y  s t i m u l a n t s .  He u s e d  q u in i n e  h y d r o c h l o r i d e ,  among 

o t h e r s ,  and  fo u n d  t h a t  t h e  a n a e r o b i c  and a e r o b i c  p h a s e s  o f  r e s p i r a t i o n  w ere 

i n c r e a s e d  i n  t h e  same p r o p o r t i o n .  S m i r n o f f  (1 9 0 3 ,  c i t e d  by  K o s ty c h e v ,  1927) 

o b s e r v e d  t h a t  w ounding c a u s e d  no change  i n  t h e  i / F  v a l u e  o f  t h e  p l a n t s  h e  

u s e d .  H is  r e s u l t s  do n o t  a g r e e  w i t h  t h o s e  o f  S t i c h  (1891) an d  R ic h a r d s  (1896) 

who fo u n d  t h a t  t h e  i / F  v a l u e  was changed  by  w ound ing .  K a r l s e n  (1925) u s e d  

e t h e r  and  a l c o h o l  v a p o r s  on  g e r m i n a t i n g  w heat and fo u n d  t h a t  t h e  i / F  r a t i o  

r e m a in e d  c o n s t a n t .

A g a in s t  t h e  t h e o r y  o f  t h e  c o n n e c t io n  o f  t h e  two t y p e s  o f  r e s p i r a t i o n ,  

Maquenne an d  Demoussy (1921) found  t h a t  c e r t a i n  f o l i a g e  l e a v e s  w ere so o n  

k i l l e d  when oxygen  was e n t i r e l y  w i t h h e l d ,  b u t  re m a in e d  l i v i n g  i n  a n  oxygen  

s u p p ly  f a r  to o  low  t o  s u p p o r t  n o rm a l a e r o b i c  r e s p i r a t i o n .

B o y s e n - J e n s e n  (1923) r e p o r t e d  t h a t  t h e  i / H  v a l u e s  o f  some m a t e r i a l s  

f e l l  b e lo w  0 . 3 3 .  I n  many o f  t h e  p l a n t s  g i v i n g  low v a l u e s  f o r  i / F ,  t h e  v a l u e  

d e c r e a s e d  r a p i d l y ,  p e r h a p s  due to  i n j u r y  o f  t h e  p l a n t s  by  p o is o n in g .
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METHODS

R e s p i r a t i o n

I n  a l l  t h e  e x p e r im e n t s  r e c o r d e d  i n  t h i s  p a p e r ,  t h e  r a t e  o f  r e s p i r a t i o n  

was d e t e r m in e d  "by m e a s u r in g  t h e  amount o f  c a rb o n  d i o x i d e  l i b e r a t e d  i n  u n i t  

t im e*  The a e r o b i c  l o t s  w ere  k e p t  i n  a i r ,  f r e e d  o f  c a rb o n  d i o x i d e  by  p a s s a g e  

th r o u g h  a  tu b e  c o n t a i n i n g  m o i s t  s o d a  l i m e ,  an d  a  c h e c k  b o t t l e  c o n t a i n i n g  

b a r y t a  w a t e r ,  b e f o r e  e n t e r i n g  t h e  r e s p i r a t i o n  chamber* The a n a e r o b i c  l o t s  

w ere  i n  a n  a tm o s p h e re  o f  n i t r o g e n ,  p r o b a b ly  w i t h  t r a c e s  o f  o t h e r  i n e r t  g a s e s *  

The n i t r o g e n  u s e d  was w a te r  pumped, t o  e l i m i n a t e  p o s s i b l e  c o n t a m i n a t i o n  i n  

o i l - p u m p e d  n i t r o g e n .  I t  was p u r c h a s e d ,  c o m p re ssed  i n  t a n k s ,  from th e  A ir  

R e d u c t io n  S a l e s  Company.

T r a c e s  o f  oxygen  p r e s e n t  i n  t h e  n i t r o g e n  w ere rem oved by  p a s s i n g  t h e  

g a s  o v e r  c o p p e r  h e a t e d  t o  a b o u t  400°C . i n  an  e l e c t r i c  c o m b u s t io n  f u r n a c e .

To i n s u r e  g r e a t e r  s u r f a c e  a r e a  o f  c o p p e r  f o r  c o m b in in g  w i th  oxygen ,  a  

q u a n t i t y  o f  g r a n u l a r  c u p r i c  o x id e  was r o l l e d  up  i n  a  lo n g  tu b e  o f  c o p p e r  s c r e e n  

c l o t h ,  p l a c e d  i n  a  g l a s s  c o m b u s t io n  t u b e ,  and  r e d u c e d  to  m e t a l l i c  c o p p e r  i n  

a  s t r e a m  o f  h y d ro g e n .  The c o p p e r  o x i d i z e d  w i t h  u s e ,  and  t h e  r e d u c t i o n  was 

r e p e a t e d  when n e c e s s a r y ,  u s u a l l y  d a i l y .  A f t e r  p a s s i n g  o v e r  t h e  c o p p e r ,  t h e  

n i t r o g e n  was drawn th r o u g h  a  tu b e  o f  s o d a  l i m e ,  a  b o t t l e  o f  a l k a l i n e  

p y r o g a l l o l ,  and  a n o t h e r  o f  b a r y t a  w a te r  t o  i n s u r e  rem o v a l o f  c a rb o n  d i o x i d e  

an d  t r a c e s  o f  o x y g en .  The a l k a l i n e  p y r o g a l l o l  was made by  d i s s o l v i n g  4  gram s 

o f  p y r o g a l l i c  a c i d  i n  10 m l .  o f  w a t e r ,  and  a d d in g  40 m l .  o f  p o ta s s iu m  

h y d r o x id e  s o l u t i o n  (made by d i s s o l v i n g  KOH i n  an  e q u a l  w e ig h t  o f  w a t e r ) .

The p o ta s s iu m  h y d r o x id e  s o l u t i o n  was r u n  u n d e r  t h a t  o f  t h e  p y g a l l i c  a c i d .

M ix in g  o f  t h e  two s o l u t i o n s  was e f f e c t e d  by b u b b l i n g  t h e  n i t r o g e n  th r o u g h  

t h e  b o t t l e .  T h i s  m ethod r e s u l t e d  i n  p y r o g a l l o l  s o l u t i o n s  o f  l i g h t  r e d  c o l o r  

w h ich  d a rk e n e d  v e r y  s lo w ly  w i th  u se*  The s o l u t i o n s  o f  p y r o g a l l o l  w ere renew ed
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tfhen th e y  had d a rk e n e d  i n  c o l o r  s l i g h t l y .

The r e s p i r a t i o n  a p p a r a tu s  was t h e  one d e s c r i b e d  by Kimbrough (1925)  

and S m ith  ( 1 9 2 9 ) ,  and was used  v e ry  s i m i l a r l y .  To more a c c u r a t e l y  c o n t r o l

t h e  g a s  f lo w s  th ro u g h  t h e  d i f f e r e n t  d e s i c c a t o r s ,  a f lo w  m e te r  was used i n

each  l i n e .  By means o f  sc rew  c lam ps th e  r a t e s  o f  f lo w  co u ld  be e a s i l y  

c o n t r o l l e d .  The f lo w  was u s u a l l y  i n  t h e  ra n g e  o f  2 t o  5 l i t e r s  o f  g a s  p e r  

h o u r ,  d e p e n d in g  on th e  i n t e n s i t y  o f  t h e  r e s p i r a t i o n  o f  t h e  m a t e r i a l  u s e d .

The g a s  f lo w  was k e p t  sis c o n s t a n t  a s  p o s s i b l e  when a  s e r i e s  o f  e x p e r im e n ts  

w ere t o  be com pared .

A m o d i f i c a t i o n  o f  P a l a d i n ’ s m e rc u ry  r e g u l a t o r ,  as d e s c r i b e d  by K o s ty c h e v ,  

( 1 9 2 7 ) ,  was used i n  t h e  s u c t i o n  l i n e  t o  g i v e  a  c o n s t a n t  vacuum a b o u t 6 cm. 

of  m e rc u ry  u n d e r  a tm o s p h e r ic  p r e s s u r e .  O th e r w is e ,  a  c o n s t a n t  vacuum would 

have  been  i m p o s s ib l e  w i th  t h e  w a te r  a s p i r a t o r  b e c a u s e  o f  f l u c t u a t i n g  w a te r  

p r e s s u r e .

A w a t e r - f i l l e d  U -tu b e  was c o n n e c te d  t o  t h e  n i t r o g e n  l i n e  t o  r e l e a s e  

any p r e s s u r e  t h a t  m ig h t  a r i s e  i f  t h e  t a n k  v a l v e  was opened to o  w id e l y .  

S u f f i c i e n t  p r e s s u r e ,  a b o u t 1 in c h  o f  w a t e r ,  was m a in ta in e d  on th e  n i t r o g e n  

l i n e  to  f o r c e  th e  g a s  th ro u g h  t h e  s o d a - l im e  t u b e .  The f lo w  from  th e  p y r o g a l l o l

b o t t l e  onward was due t o  s u c t i o n .

The c a rb o n  d i o x i d e  was c o l l e c t e d  by p a s s in g  t h e  g a s  s t r e a m s  th ro u g h  

R e i s e t  t o w e r s ,  d e s c r i b e d  by  Gore ( 1 9 1 1 ) ,  f i l l e d  w i th  a  s o l u t i o n  o f  sodium 

h y d r o x id e .  U s u a l l y ,  t h e  g a s  f lo w s  w ere  s to p p e d  each  day and th e  a b s o r b in g  

s o l u t i o n s  ren ew ed .  N orm al, o r  h a l f  norm al sodium h y d ro x id e  was g e n e r a l l y  

u s e d ,  renew ed each  d a y ,  b u t  w i th  some p l a n t s ,  more c o n c e n t r a t e d  s o l u t i o n s  

w ere  u s e d ,  o r  ren ew a l  made more f r e q u e n t l y  b e c a u s e  o f  th e  l a r g e  amounts o f  

c a rb o n  d i o x i d e  p ro d u c e d .

About h a l f  an h o u r  was n e c e s s a r y  t o  r e p l a c e  t h e  s o l u t i o n s .  Appleman



( u n p u b l i s h e d  d a t a )  h a s  fo u n d  t h a t  s t o p p i n g  t h e  g a s  f lo w  f o r  a s  much a s  an  

h o u r  h a s  no n o t i c e a b l e  e f f e c t  on  t h e  r a t e  o f  r e s p i r a t i o n .  I f  n e c e s s a r y ,  

t h e  c o p p e r  o x id e  i n  t h e  in c o m in g  n i t r o g e n  l i n e  was r e d u c e d  a t  t h i s  same 

t i m e ,  t h e r e b y  p r e v e n t i n g  a  s e c o n d  i n t e r r u p t i o n  o f  t h e  g a s  f lo w .

The c a r b o n  d i o x i d e  was d e t e r m in e d  by  a  d o u b le  t i t r a t i o n  u s i n g  K u s t e r s  

m o d i f i c a t i o n  o f  G o re ’ s (1911 )  m e th o d .  An e x c e s s  o f  s o l i d  b a r iu m  c h l o r i d e  

was ad d e d  t o  t h e  u s e d  a l k a l i  s o l u t i o n s  w h ich  p r e c i p i t a t e d  t h e  c a rb o n  d io x i d e  

a s  b a r iu m  c a r b o n a t e .  N orm al h y d r o c h l o r i c  a c i d  was ad d ed  u n t i l  t h e  s o l u t i o n  

was c o l o r l e s s ,  u s i n g  p h e n o l p h t h a l e i n  a s  a n  i n d i c a t o r .  The s o l u t i o n  was 

th o r o u g h l y  s t i r r e d  w h i l e  a d d in g  t h e  a c i d  t o  p r e v e n t  l o s s  o f  c a r b o n  d io x i d e  

due  t o  l o c a l  c o n c e n t r a t i o n s  o f  t h e  a c i d  i n  t h e  s o l u t i o n .  M e th y l  o ra n g e  was 

ad d ed  a f t e r  t h e  f i r s t  end  p o i n t  h a d  b e e n  r e a c h e d  and  t h e  t i t r a t i o n  c o n t in u e d  

u n t i l  a  b r i g h t  p i n k  c o l o r  was r e a c h e d .  The am ount o f  a c i d  ad d ed  b e tw e e n  

t h e  f i r s t  and  s e c o n d  end  p o i n t s  i s  c o n s i d e r e d  e q u i v a l e n t  t o  t h e  c a rb o n  

d i o x i d e  i n  t h e  s o l u t i o n .  One c u b i c  c e n t i m e t e r  o f  n o rm a l  h y d r o c h l o r i c  a c i d  

i s  e q u i v a l e n t  t o  0 .0 2 2  gm. o f  c a r b o n  d i o x i d e .  B la n k  t i t r a t i o n s  w ere r u n  on 

e a c h  s e t  o f  s t o c k  s o l u t i o n s  and  c o r r e c t i o n  made f o r  t h e  amount o f  c a r b o n a te  

p r e s e n t  due  t o  i m p u r i t i e s  i n  c h e m ic a l s  and  c o n t a c t  w i t h  a i r .  I t  i s  r e a l i z e d  

t h a t  t h e  e n d  p o i n t s  u s e d  a r e  e m p i r i c a l ,  b u t  a c c o r d i n g  to  G ore t h e  r e s u l t s  

a r e  c l o s e l y  a c c u r a t e  an d  a r e  c e r t a i n l y  r e l i a b l e  when u s e d  c o m p a ra t iv e ly *

A r e f r i g e r a t o r  c o o le d  by a  K e l v i n a t o r  u n i t  was u s e d  t o  k e e p  r e s p i r a t i o n  

cham bers a t  a  low t e m p e r a t u r e  f o r  c e r t a i n  e x p e r i m e n t s .  The g a s  f lo w s  w ere 

c o n t r o l l e d  t h e  same a s  i n  t h e  warm c h a m b e rs .  The t e m p e r a t u r e  f l u c t u a t e d  

more w id e ly  i n  t h e  c o l d  cham bers  t h a n  i n  t h e  warm o n e s .  The warm cham ber 

was n e a r l y  a lw ays  w i t h i n  0 . 2 °  G. o f  t h e  s e t  t e m p e r a t u r e ;  t h e  c o l d  cham ber 

u s u a l l y  f l u c t u a t e d  o v e r  a  r a n g e  o f  1 . 5 °  C. d u r i n g  a  week, w i t h  ev en  g r e a t e r  

d i f f e r e n c e s  on w eek -en d s  when t h e  l a b o r a t o r y  was n o t  h e a te d *

S am ples  w ere r u n  f o r  a  p r e l i m i n a r y  p e r i o d ,  a t  t h e  end o f  w h ich  t h e
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t h e  p e r i o d  v a r i e d  w i t h  t h e  m a t e r i a l  u s e d .  M a t e r i a l  w i th  t h i c k  t i s s u e s ,  

e g .  p o t a t o  t u b e r s ,  c o n t a i n  c o n s i d e r a b l e  c a rb o n  d i o x i d e  d i s s o l v e d  i n  t h e  

c e l l  s a p  ( R ic h a r d s ,  1 8 9 6 ) .  The p r e l i m i n a r y  p e r i o d  a l lo w s  t h i s  t o  e s c a p e .

The a i r  s u r r o u n d in g  t h e  a n a e r o b i c  sa m p le s  h ad  t o  b e  r e p l a c e d  by n i t r o g e n ,  

an d  t h e  oxygen d i s s o l v e d  i n  t h e  p l a n t  sap  a l lo w e d  t o  d i f f u s e  o u t  b e f o r e  t r u e  

a n a e r o b i c  c o n d i t i o n s  a c t u a l l y  o b t a i n e d  w i t h i n  t h e  t i s s u e .  M a t e r i a l  from 

c o l d  s t o r a g e  r e q u i r e d  s e v e r a l  h o u r s  t o  r e a c h  a  h i g h e r  t e m p e r a t u r e .  The 

p r e l i m i n a r y  p e r i o d  was k e p t  v e r y  n e a r l y  c o n s t a n t  i n  any s e r i e s  o f  e x p e r im e n t s  

t o  b e  com pared  w i t h  e a c h  o t h e r .

C h em ica l  M ethods

SAMPLING:—  M a t e r i a l  f o r  s u g a r  and  m o i s t u r e  d e t e r m i n a t i o n s  was g ro u n d  on  a  

N ix ta m a l  m i l l .  A f t e r  m ix in g  t h e  g ro u n d  t i s s u e  th o r o u g h l y ,  s u g a r  s am p le s  

w ere  w e ighed  d i r e c t l y  i n t o  c o u n t e r p o i s e d  K o h h rau sch  f l a s k s  o f  200 m l .  

c a p a c i t y .  Sam ples  o f  p o t a t o  t i s s u e  w e ig h ed  50 g ra m s ;  o f  p a r s n i p ,  c a r r o t ,  

a n d  o n io n  t i s s u e ,  25 g ra m s ;  and  o f  sw e e t  c o r n ,  16 g ra m s .  The a c t i o n  o f  

enzymes was s to p p e d  im m e d ia te ly  by  t h e  a d d i t i o n  o f  75 m l .  o f  b o i l i n g  95 p e r  

c e n t  a l c o h o l  t o  g iv e  a  f i n a l  c o n c e n t r a t i o n  o f  80 p e r  c e n t  a f t e r  d i l u t i o n  

by  w a te r  p r e s e n t  i n  t h e  t i s s u e .

MOISTURE:—  Sam ples  f o r  m o i s t u r e  d e t e r m i n a t i o n  w ere  p l a c e d  i n  t a r e d  w a tc h -  

g l a s s e s  w i t h  g ro u n d  g l a s s  c o v e r s .  T hese  w ere w e ig h ed  a s  so o n  a s  p o s s i b l e .

The t i s s u e  was d r i e d  a t  8 0°  C. i n  a  vacuum oven a t  a  p r e s s u r e  a b o u t  e q u a l  

t o  5 cms. o f  m e rc u ry  u n t i l  t h e  w e ig h t  was a p p r o x im a te ly  c o n s t a n t .  T h is  

u s u a l l y  r e q u i r e d  a b o u t  48 h o u r s .

SUGAR DETERMINATION: —  The s u g a r  sam p les  w ere  e x t r a c t e d  by  b o i l i n g  50 m in u te s  

on a  s te a m  b a t h  i n  50 -  60 p e r  c e n t  a l c o h o l .  A f t e r  c o o l in g ,  t h e  sam p les
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w ere  made t o  volum e w i t h  95 p e r  c e n t  a l c o h o l ,  an d  s t o r e d  u n t i l  a n a ly s e d #

The e x t r a c t e d  sam p le s  were f i l t e r e d ,  u s i n g  No# 1 Whatman p a p e r#  I n  

a l i q u o t  o f  e a c h  f i l t r a t e ,  u s u a l l y  150 o r  125 ml# was e v a p o r a t e d  a lm o s t  t o  

d r y n e s s  on  t h e  s te a m  h a t h  t o  remove t h e  a l c o h o l .  The r e s i d u e  was t a k e n  

u p  i n  d i s t i l l e d  w a te r  and  t h e  p r o t e i n s  an d  c e r t a i n  o t h e r  o r g a n i c  m a t e r i a l s  

w ere  p r e c i p i t a t e d  hy  t h e  a d d i t i o n  o f  s a t u r a t e d  n e u t r a l  l e a d  a c e t a t e  s o l u t i o n .  

The am ount o f  l e a d  a c e t a t e  s o l u t i o n  ad d ed  v a r i e d  w i t h  t h e  m a t e r i a l  p r e s e n t ,  

h u t  was u s u a l l y  one t o  t h r e e  m i l l i l i t e r s #  The e x c e s s  l e a d  was p r e c i p i t a t e d  

h y  t h e  a d d i t i o n  o f  an  e q u a l  volum e o f  12 p e r  c e n t  sodium c a r b o n a te  s o l u t i o n #  

A f t e r  m ak in g  t o  vo lum e, h o t h  p r e c i p i t a t e s  w ere rem oved hy  a  s i n g l e  

f i l t r a t i o n  th r o u g h  No# 1 vShatman p ap e r#  An a l i q u o t  o f  t h e  f i l t r a t e ,  u s u a l l y  

50 ml# was u s e d  f o r  r e d u c t i o n  hy  t h e  s t a n d a r d  m ethod o f  M unson an d  W alker 

(1906 )#  The r e d u c i n g  s u g a r s  a r e  r e p o r t e d  a s  p e r c e n t a g e  o f  d e x t ro s e #

E o r  t h e  d e t e r m i n a t i o n  o f  t o t a l  s u g a r s ,  5 m l .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d  w ere  added  t o  50 ml# a l i q u o t s  o f  t h e  e x t r a c t .  A f t e r  24 h o u r s  f o r  

h y d r o l y s i s  o f  s u c r o s e  t o  o c c u r ,  t h e  s o l u t i o n  was made t o  vo lum e, a  p o r t i o n  

n e u t r a l i z e d  w i t h  an h y d ro u s  sodium  c a r b o n a t e ,  and  a n  a l i q u o t  u s e d  f o r  a  

M u n s o n - t a lk e r  r e d u c t i o n .  The t o t a l  s u g a r s  a r e  e x p r e s s e d  a s  p e r c e n t a g e  o f  

i n v e r t  s u g a r .

DETERMINATION OR POLYSACCHARIDES:—  Sam ples  f o r  t h e  d e t e r m i n a t i o n  o f  s t a r c h e s  

an d  d e x t r i n s  ( s o l u b l e  p o l y s a c c h a r i d e s )  w ere  s t o r e d  i n  c o l d  a l c o h o l ,  enough 

95 p e r  c e n t  a l c o h o l  b e i n g  u s e d  t o  g iv e  a  f i n a l  c o n c e n t r a t i o n  o f  a b o u t  

80 p e r  c e n t#  The m a t e r i a l  was d e h y d r a t e d  hy  t h e  a d d i t i o n  t o  e a c h  sam ple  

o f  t h r e e  p o r t i o n s  o f  95 p e r  c e n t  a l c o h o l  a t  24 h o u r  i n t e r v a l s ,  d e c a n t i n g  

e a c h  t im e  th r o u g h  a  B uchner  f u n n e l  f i t t e d  w i th  No# 50 Y/hatm&n f i l t e r  p a p e r .  

A f t e r  t h e  l a s t  t r e a t m e n t  w i th  a l c o h o l ,  a l l  t h e  m a t e r i a l  was t r a n s f e r r e d  to  

t h e  B u c h n e r  f u n n e l ,  and  w ashed  w i t h  two p o r t i o n s  o f  e t h e r .
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The d e h y d r a t e d  sam ple  was t h e n  g ro u n d  u n t i l  a l l  t h e  m a t e r i a l  p a s s e d  a  

60 mesh s i e v e .  Somewhat m ore t h a n  h a l f  t h e  g ro u n d  sam ple  was w e ighed  o u t  

f o r  d e t e r m i n a t i o n  o f  d e x t r i n s ,  o r  s o l u b l e  p o l y s a c c h a r i d e s .  The r e m a in d e r  

was a g a i n  g ro u n d  u n t i l  i t  n e a r l y  a l l  w ould  p a s s  a  100 m esh s i e v e ,  t h e n  u s e d  

f o r  d e t e r m i n a t i o n  o f  s t a r c h e s  p l u s  d e x t r i n s .  ■ The s t a r c h  c o n t e n t  was 

d e t e r m in e d  "by d i f f e r e n c e .

The s o l u b l e  p o l y s a c c h a r i d e s  w ere rem oved by  a d d in g  300 m l .  o f  w a te r  t o  

e a c h  g ro u n d  sa m p le ,  an d  s h a k in g  c o n s t a n t l y  f o r  one h o u r .  The sam ple  was t h e n  

f i l t e r e d  th r o u g h  ”T a l t e n - f i l t e r ” made by  C a r l ,  S c h l e i c h e r ,  and  S h u l l .  To 

a  200 m l .  a l i q u o t  o f  t h e  f i l t r a t e ,  w ere  ad d ed  1 2 .5  m l .  o f  c o n c e n t r a t e d  h y d ro ­

c h l o r i c  a c i d  ( s p .  g r .  1 .1 8 )  and  t h e  m i x tu r e  h y d r o ly z e d  2 . 5  h o u r s  u n d e r  a  

r e f l u x  c o n d e n s e r .  A f t e r  c o o l i n g ,  t h e  sam ple  was made t o  500 m l .  vo lum e, 

m ix in g  t h o r o u g h l y .  A p o r t i o n  o f  t h e  s o l u t i o n  was n e u t r a l i z e d  w i t h  a n h y d ro u s  

sodium  c a r b o n a t e ,  a n d  a  50 m l .  a l i q u o t  u s e d  f o r  a  s t a n d a r d  Munson—t a l k e r  

r e d u c t i o n .  The d e x t r o s e  v a l u e  i s  m u l t i p l i e d  by  0 . 9  t o  g i v e  a  v a l u e  f o r  

p o l y s a c c h a r i d e s •

The sam p le s  f o r  d e t e r m i n a t i o n  o f  t o t a ] .  s t a r c h e s  were e a c h  m ixed  w i th  

150 m l .  o f  w a t e r ,  an d  b o i l e d  15 m i n u te s ,  w i t h  s t i r r i n g  t o  g e l a t i n i z e  t h e  

s t a r c h .  A f t e r  c o o l i n g  to  4 5°  0 . ,  t e n  m i l l i l i t e r s  o f  f i l t e r e d  s a l i v a  

p r e v i o u s l y  d i l u t e d  1 ; 1 0 ,  w ere  ad d ed  t o  e a c h  s a m p le .  A f t e r  d i g e s t i n g  an  

h o u r  a t  4 5 °  C. th e  s o l u t i o n s  w ere a g a i n  b r o u g h t  t o  a  b o i l ,  c o o l e d ,  and  s a l i v a  

a d d ed  as  b e f o r e .  Y/hen t h e  i o d i n e  t e s t  showed t h a t  t h e  s t a r c h  was c o m p le te ly  

d i g e s t e d ,  t h e  s o l u t i o n s  w ere made t o  volum e i n  250 m l .  f l a s k s ,  and  t h e n  

f i l t e r e d .  A 200 m l .  a l i q u o t  o f  t h e  f i l t r a t e  was h y d r o ly z e d  w i th  h y d r o c h l o r i c

a c i d ,  t h e  p r o c e d u r e  from t h i s  s t a g e  b e i n g  t h e  same a s  d e s c r i b e d  f o r  d e x t r i n  

a n a l y s i s .  The d e x t r o s e  v a l u e  i s  a l s o  m u l t i p l i e d  by t h e  f a c t o r  0 .9  t o  g iv e  

t h e  s t a r c h  v a l u e .
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EXPERIMENTAL RESULTS

P o t a t o e s  ( Solanum tu b e ro su m  L . )

D e s c r i p t i o n  o f  m a t e r i a l  

The e x p e r im e n t s  w i l l  be p r e s e n t e d  a c c o r d in g  t o  t r e a t m e n t  and method used* 

I n  some c a s e s ,  r e p e t i t i o n  was made i n  s u b s e q u e n t  y e a r s  w i th  d i f f e r e n t  m a t e r i a l ,  

so  a  g e n e r a l  d e s c r i p t i o n  o f  t h e  m a t e r i a l  used  w i l l  e l i m i n a t e  f u t u r e  r e p e t i t i o n *  

Some p r e l i m i n a r y  e x p e r im e n t s  w ere  c a r r i e d  o u t  on t u b e r s  p u rc h a s e d  from  

a  l o c a l  farmer^ November 2 ,  1931* He d e s c r i b e d  them as  t h e  G reen  M o u n ta in  

v a r i e t y ,  b u t  e x a m in a t io n  o f  t h e  t u b e r s  i n d i c a t e d  a  m i x tu r e  o f  v a r i e t i e s ,  

o r  w ide v a r i a n c e  i n  tu b e r s *

T u b e rs  o f  t h e  R u s s e t  B urbank v a r i e t y  w ere  used  f o r  s e v e r a l  e x p e r i m e n t s .  

T h ese  w ere  p u rc h a s e d  as  needed  from  t h e  l o c a l  g ro c e ry *  D i f f e r e n t  p u r c h a s e s  

w ere  p r o b a b ly  q u i t e  v a r i a b l e ,  b u t  i t  i s  presum ed t h a t  sam p les  s e l e c t e d  from  

a s i n g l e  p u r c h a s e  w ere q u i t e  un ifo rm *

M ary land  C e r t i f i e d  I r i s h  C o b b le r  s eed  p o t a t o e s  w ere  used d u r in g  th e  

w i n t e r  o f  1 9 3 2 -3 3 .  T h ese  w ere  grown from c e r t i f i e d  s eed  p ro d u ced  i n  S o u th  

D a k o ta  and p l a n t e d  J u l y  2*7, 1932* The g ro w er  was M r. W* T* P i l c h a r d ,  n e a r  

Pocomoke, Md. The t u b e r s  w ere  dug November 1 5 ,  1 9 3 2 , t h e  t o p s  h a v in g  d ie d  

n a t u r a l l y  b e f o r e  d i g g i n g .  The t u b e r s  w ere d e l i v e r e d  t o  t h e  l a b o r a t o r y  

November 1 7 ,  1932 , and s t o r e d  u n t i l  f u r t h e r  t r e a t m e n t  i n  wooden c r a t e s ,  

p r o t e c t e d  from  t h e  l i g h t  by a  sh ad e  o f  b la c k  s a t e e n  c l o t h .  F o r  t h e  c u l t u r a l  

i n f o r m a t i o n  c o n c e r n in g  t h e s e  t u b e r s ,  and t h e i r  d e l i v e r y ,  t h e  w r i t e r  i s  

i n d e b te d  t o  D r .  J e h l e  o f  t h e  E x t e n s io n  S e r v i c e  o f  t h e  U n i v e r s i t y  o f  M a ry lan d .

M ary lan d  C e r t i f i e d  McCormick p o t a t o e s  w ere s e c u re d  f o r  e x p e r im e n ts  

d u r i n g  th e  w i n t e r  o f  1 9 3 3 -3 4 .  T hese  w ere  grown n e a r  C o l le g e  P a rk  as  a 

4-H p r o j e c t  by t h e  son o f  D r. R. A* J e h l e ,  and rogued by t h e  l a t t e r  d u r in g
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t h e  g ro w in g  s e a s o n .  The t u b e r s  w ere from  l a t e  p l a n t e d  s e e d ,  and  were dug 

a b o u t  t h e  f o u r t h  o f  N ovem ber. The t u b e r s  w ere  s t o r e d  i n  t h e  b a se m e n t  o f  

D r .  J e h l e ’ s r e s i d e n c e  u n t i l  November 17 , 1933 when th e y  w ere  d e l i v e r e d  t o  

t h e  l a b o r a t o r y .  A l l  t h e  t u b e r s  w ere  w ashed , and  r a p i d l y  d r i e d  on  November 1 7 .  

The sam p le s  w ere s o r t e d  o u t  and  s t o r e d  November 20 and  £1 , 1934 .

L a t e r  r e f e r e n c e s  w i l l  b e  made t o  a  v e r i e t y  by  name o n ly ,  v / i th o u t  

r e p e t i t i o n  o f  t h e  above  d e s c r i p t i o n .
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E t h y l  "bromide t r e a t m e n t

M orkowin (1903) found  t h a t  t h e  i / N  v a l u e  was n o t  changed  "by s t i m u l a n t s .  

A pplem an (1915) h a s  p ro v e d  t h a t  t r e a t m e n t  w i t h  e t h y l  h ro m id e  c a u s e s  a n  i n c r e a s e  

i n  t h e  c a t a l a s e  c o n t e n t  and  r e s p i r a t o r y  a c t i v i t y  o f  p o t a t o e s .  'T h e  t r e a t ­

m ent w i t h  e t h y l  "bromide was c a r r i e d  o u t ,  t h e r e f o r e ,  t o  o b t a i n  a d d i t i o n a l

i n f o r m a t i o n  c o n c e r n in g  t h e  e f f e c t  o f  s t i m u l a n t s  on  r e s p i r a t i o n .

E x p e r im e n t  1 . —  The f i r s t  s e r i e s  i n  t h i s  e x p e r im e n t  was composed o f  f o u r  

sa m p le s  o f  R u s s e t  B urb an k  t u b e r s  b o u g h t  l o c a l l y  J u n e  15, 1932 . The sam p les  

c o n s i s t e d  o f  f i v e  t u b e r s  e ac h  and  w e ig h ed  from 841 t o  880 g ra m s .  Two sam p les  

w ere  u n t r e a t e d ;  t h e  o t h e r  two w ere p l a c e d  i n  a  d e s i c c a t o r  o f  tw e lv e  l i t e r s  

c a p a c i t y .  R iv e  m i l l i l i t e r s  o f  e t h y l  b ro m id e  w ere  a l lo w e d  t o  e v a p o r a t e  

from  a  wad o f  c o t t o n  a f t e r  p l a c i n g  th e  c o v e r  on t h e  d e s i c c a t o r .  The t u b e r s

w ere  e x p o s e d  to  t h e  g a s  one h o u r .  A l l  s am p le s  were t h e n  p l a c e d  i n  t h e

r e s p i r a t i o n  cham bers  a n d  tw ic e  s u b j e c t e d  t o  f u l l  a s p i r a t o r  vacuum w i t h  s low  

r e l e a s e  eatSh t i m e .  The g a s  f lo w s  w ere  s t e a d y  f o r  an  a d d i t i o n a l  1 . 5  h o u r s  

b e f o r e  b e g i n n i n g  th e  r e c o r d .  The t o t a l  p r e l i m i n a r y  p e r i o d  was a b o u t  f o u r  h o u r s .

?  The d a t a  a r e  g iv e n  i n  t a b l e  1 .

T a b le  1 .  R e s p i r a t i o n  o f  R u s s e t  B urb an k  p o t a t o e s  a t  3 0 ^ 0 .  a f t e r  t r e a t m e n t

w i t h  e t h y l  b ro m id e .  B egun J u n e  22, 1 9 52 .
«1

R e s p i r a t i o n
p e r i o d

C arb o n  d i o x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o *a
c o n t r o l s i ex p o sed  1 h r .  t o  CgE^Br •

a e r o b i c a n a e r o b i c i / et a e r o b i c a n a e r o b ic i / h s
mg. mg. mg. mg. •

•

1 s t . day 1 2 .4 1 0 .5 .8 5 3 2 .0 1 1 .8 .3 7  1

2 n d . day 1 2 .1 6 .2 .5 1 2 6 .6 7 .8
•

.29  s

3 r d . day 1 3 .0 6 .5 .50 1 8 .7 9 .7 .5 2  I

4 t h . day 1 5 .4 7 .5 .5 6 1 6 .9 1 1 .4 • 68 •

5 t h . day 1 5 .6 9 .2 .59 1 6 .9 1 2 .6 .7 5  j

6 t h . day 1 5 .6 1 0 .2 • 66 1 6 .4 1 3 .6 .8 3  I

7 t h . day 1 7 .8 1 0 .4 .58 1 8 .0 1 3 .8 .7 7  s
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E sp e c i m e n t - 2 . — A seco n d  s e r i e s  on t h e  e f f e c t  o f  e t h y l  b rom ide  t r e a t m e n t  

was r u n ,  u s in g  I r i s h  C o b b le r  p o t a to e s *  The sam p les  c o n s i s t e d  o f  e i g h t  

t u b e r s  e a c h ,  and w eighed  from  954 t o  981 grams* The t r e a t m e n t  w i th  e t h y l  

b ro m id e  l a s t e d  one h o u r ,  b u t  no vacuum was a p p l i e d .  The p r e l i m i n a r y  

p e r i o d  e x te n d e d  f o r  17 h o u rs*  Sam ples w ere  run  a t  22® C . and a t  3£l°

No u n t r e a t e d  c o n t r o l s  w ere  t e s t e d ;  com pare w i t h  u n s to r e d  t u b e r s  i n  

t a b l e  27 w hich  g i v e s  r e s p i r a t i o n  o f  s i m i l a r  t u b e r s  j u s t  p r e v io u s  t o  t h i s  

t e s t  •

T a b le  2* R e s p i r a t i o n  o f  I r i s h  C o b b le r  p o t a t o e s  a f t e r  t r e a t m e n t  w i th  e t h y l

R e s p i r a t i o n
p e r i o d

3 C arbon  d io x i d e  l i b e r a t e d  p e r  h o u r  p e r  K i lo •w
•• a t 22-± . 2 °  G : a t  3 -±  1 . 0 °  C 3
• a e r o b i c * a n a e r o b ic  s i / N  $ a e r o b i c  s a n a e r o b ic  • i / n 9•
: Mg. s mg. : s mg. : mg. : *

1 s t . day * 1 5 .9 x 7 .7  x .49  : 2 .6  t 2 .3  : .9 0 3

* • * • * % 1
2 n d , day x 1 2 .1 : 5 .3  : .4 4  : 2 .9  : 2 .3  s .7 7 3

3 r d . day 1 1 .4
• • 9
: 5 .2  : .4 5  : 3 .3  : 1 .7  : .5 2

•
•

4 t h . day
*

: 1 0 .9 s 5 .4  : .49  : 3 .3  s 1 . 4  : .4 2
•

S

5 t h . day 9 .2
a • *

• 5 .3  s .5 8  • r 2 . 8  : 1 . 0  : .3 5
•

••

6 t h , day s 7 .5
*  * *

s 5 .3  s .7 1  s 3 .1  s .8  s .2 6 3

T h is  e x p e r im e n t  shows t h a t  t r e a t m e n t  w i th  e t h y l  b rom ide  g a s  s t i m u l a t e s  

t h e  a e r o b i c  r e s p i r a t i o n  o f  p o t a t o  t u b e r s  more t h a n  i t  does  t h e  a n a e ro b ic *  

W ith  th e  R u s s e t  Burbank p o t a t o e s ,  t h e  h ig h  i n i t i a l  a n a e r o b ic  r e s p i r a t i o n  

i s  a p p a r e n t  l a r g e l y  b e c a u s e  t h e  p r e l i m i n a r y  p e r io d  was no t lo n g  enough to  

a l lo w  c o m p le te  d i s p la c e m e n t  o f  a l l  oxygen , and c o n s e q u e n t ly ,  t h e  v a lu e s  

f o r  t h e  f i r s t  day  do no t i n d i c a t e  t r u e  a n a e r o b ic  r e s p i r a t i o n *  T h e re  i s  no
i

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

end o f  th e  ex p e r im e n t*

The a n a e r o b ic  r e s p i r a t i o n  o f  I r i s h  C o b b le r s  was v e ry  l i t t l e  s t i m u l a t e d
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S to r a g e  i n  an a i r - t i g h t  c o n t a i n e r

R ic h a r d s  (1 8 9 6 )  h a s  r e p o r t e d  t h e  p r e s e n c e  o f  l a r g e  amounts o f  c a rb o n  

d i o x i d e  p r e s e n t  i n  t h e  j u i c e  o f  p o t a t o e s  and c a r r o t s ,  w h ich  was r a p i d l y  

g iv e n  o f f  when t h e  m a t e r i a l s  w ere  h e a t e d .  T h is  e x p e r im e n t  was d e s ig n e d  

to  d e t e r m in e  t h e  e f f e c t  o f  s t o r a g e  i n  a  c l o s e d  c o n t a i n e r ,  and t h e  

a t t e n d a n t  i n c r e a s e  i n  c a rb o n  d io x i d e  c o n t e n t ,  on s u b s e q u e n t  r e s p i r a t i o n .

The t u b e r s  used  w ere  o f  t h e  G reen  M oun ta in  v a r i e t y .  F o u r  sam p le s  o f  

t e n  t u b e r s  each  w ere  u s e d ,  w e ig h in g  from 1203 t o  1244 gram s e a c h .  Two 

l o t s  w ere  p la c e d  i n  a  c l o s e d  g l a s s  j a r ,  t h e  o t h e r  two i n  t e s t  tu b e  b a s k e t s .  

A l l  f o u r  l o t s  w ere  s t o r e d  one week i n  a  r e f r i g e r a t o r ,  t h e  t e m p e r a t u r e  o f  

w hich  d ro p p ed  g r a d u a l l y  from 40°  t o  3 6 °  F .  a t  t h e  end o f  th e  e x p e r i m e n t .  

The r e s u l t s  a r e  g iv e n  i n  t a b l e  3 .

T a b le  3 .  R e s p i r a t i o n  a t  22 ±  . 5 °  C o f  G reen  M oun ta in  p o t a t o  t u b e r s  a f t e r

____________ s t o r a g e ,  a t  40 t o  36° F .  Begun November 1 0 ,  1 9 3 1 . _______
s   Carbon d i o x i d e  l i b e r a t e d  p e r  h o u r  p e r  K ilo ___________

R e s p i r a t i o n  * A f t e r  s t o r a g e  i n  a i r - t i g h t  * A f t e r  s t o r a g e  i n  a i r
p e r io d v e s s e l

xSample 1 : Sample 2 t A verage s Sample 1 s Sample 2 s A verage
•• mg. x mg. * mg. *• mg. mg. rag. X

; •• : : •
1 s t day • 2 8 .7 * 2 6 .5 •

A
2 7 .6 : 1 8 .3 1 7 .9 1 8 .1 s

2nd day 5 1 9 .5 s 1 8 .5
*
: 1 9 .0 ; 1 6 .5 1 5 .6 1 6 .1 m•

« #• : : :
3 rd day •• 1 3 .9 * 1 4 .4 •• 1 4 .2 •

*
1 4 .5 1 4 .4 1 4 .4

4 th day •a 1 2 .8 r 1 2 .3 * 1 2 .5
•

1 4 .1 1 3 .1 1 3 .6

5 th  day 1 1 .5 1 1 0 .1 1 0 .8 1 2 .4 1 0 .7 1 1 .6

The r e s u l t s  o f  t h i s  t e s t  i n d i c a t e  t h a t  s t o r a g e  i n  a  c l o s e d  c o n t a i n e r  

r e s u l t s  i n  an i n c r e a s e  i n  s u b s e q u e n t  r e s p i r a t i o n .  The e f f e c t  i s  o f  b r i e f  

d u r a t i o n ,  abou t two d a y s ,  and may be l a r g e l y  due t o  t h e  r a p i d  r e l e a s e  o f  

c a rb o n  d i o x i d e  d i s s o l v e d  i n  t h e  c e l l  s a p .  The r e s p i r a t i o n  shows some s t i m u l u s
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t
due t o  t h e  c o l d  s t o r a g e .  T h i s  i s  one o f  t h e  few e x p e r im e n ts  i n  w hich  th e  

v a r i a b i l i t y  o f  sam p le s  may h e  s t u d i e d ,  and  i t  i s  e a s i l y  s e e n  t h a t  a g re e m e n t  

b e tw e e n  sam p le s  i s  q u i t e  c l o s e  i n  m ost i n s t a n c e s .

E f f e c t  o f  s t o r a g e  i n  n i t r o g e n

I r i s h  C o b b le r  t u b e r s  w ere  u s e d  f o r  t h i s  e x p e r im e n t .  The f i r s t  s e r i e s

was r u n  a f t e r  s e v e n  day s  s t o r a g e  a t  40 -  4 3°  F . ,  t h e  se c o n d  s e r i e s  a f t e r

21 d ay s  s t o r a g e  a t  t h e  same t e m p e r a t u r e .  The sam p les  c o n t a i n e d  e i g h t  t u b e r s

e a c h  and  w e ig h ed  from  80? t o  832 g ra m s .  A l l  w ere s e l e c t e d  from a n  unw ashed

l o t  o f  t u b e r s  a f t e r  54 d ay s  i n  room s t o r a g e  a t  a b o u t  65° F .  (1 8 °  C .)  a v e r a g e

t e m p e r a t u r e .  The c o n t r o l  sam p les  w ere  s t o r e d  i n  t e s t  tu b e  b a s k e t s  ; t h e

sa m p le s  w h ich  w ere s t o r e d  i n  n i t r o g e n  w ere  p l a c e d  i n  g l a s s  j a r s ,  two sam ples

i n  e a c h ,  f i t t e d  w i th  p a r a f f i n e d  c o rk  s t o p p e r s  and  s e a l e d  w i th  m e l t e d  p a r a f f i n .

The s t o p p e r s  w ere  e a c h  f i t t e d  w i th  two g l a s s  tu b e s  c l o s e d  w i th  s h o r t  l e n g t h s

o f  r u b b e r  t u b i n g  and  p in c h  c lam ps* One o f  t h e  i n l e t  tu b e s  h a d  a  r u b b e r  t u b e

a t t a c h e d  t o  t h e  i n n e r  en d  w h ich  e x te n d e d  t o  t h e  b o t to m  o f  t h e  j a r .  A f t e r

s e a l i n g  a  j a r ,  t h e  a i r  was d i s p l a c e d  by  h y d ro g e n ,  a d d in g  i t  a t  t h e  t o p  o f

t h e  j a r .  The h y d ro g e n  was th e n  d i s p l a c e d  by  a d d in g  n i t r o g e n  a t  t h e  b o t to m

o f  t h e  j a r .  The n i t r o g e n  f lo w  was c o n t in u e d  f o r  a  few h o u r s  t o  w ash o u t  any

a d d i t i o n a l  a i r  p r e s e n t .  The c lam ps w ere  t h e n  t i g h t e n e d  t o  s e a l  th e  j a r s ,

and  th e  j a r s  p l a c e d  i n  s t o r a g e .  The j a r s  c o n t a i n e d  a s  many t u b e r s  a s

p o s s i b l e .  The o n ly  g a s  sp a c e  was b e tv ;een  t u b e r s .
o f

The p r e l i m i n a r y  p e r i o d s  w er^ a b o u t  19 h o u r s  d u r a t i o n .  The cham bers  L 

w ere  a t  22°  C. The sam ples  w ere t r a n s f e r r e d  from s t o r a g e  j a r s  t o  r e s p i r a t i o n  

cham bers  a s  q u i c k ly  a s  p o s s i b l e  b u t  c o n t a c t  w i th  t h e  a i r  was u n a v o i d a b l e .

The r e s u l t s  a r e  g i v e n  i n  t a b l e s  4  and 5 .
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T a b le  4 .  R e s p i r a t i o n  o f  I r i s h  G o b b le r  p o t a t o  t u b e r s  a f t e r  s e v e n  days

s t o r a g e  a t  40 -  42 °  F .  Begun J a n u a r y  17, 1933 .

R e s p i r a t i o n
p e r i o d

C arbon  d i o x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o i •

A f t e r  s t o r a g e  i n  a i r A f t e r  s t o r a g e  i n  N i t r o g e n  :

a e r o b i c a n a e r o b i c i / n a e r o b i c a n a e r o b ic I /N  :
rag. mg. mg. mg.

1 s t ,  day 8 .0 7 .6 .9 5 9 .2 7 .8 .84  s

2nd . day 7 .0 7 .5 1 .0 7 7 .6 6 .4 .8 4  :

3 r d ,  day 6 .6 5 .9 .89 6 .1 5 .3 .8 6  :

4 t h ,  day 6 .8 4 . 6 .6 8 5 .9 4 . 8 .8 1

5 t h .  day 5 .9 4 .9 .83 6 .1 4 . 1 .6 8  :

6 t h .  day 5 .8 4 . 5 .7 7 4 . 5 4 . 3 .9 5  i

T a b le  5 .  R e s p i r a t i o n  o f  I r i s h  G o b b le r  p o t a t o  t u b e r s  a f t e r  21 days  s t o r a g e  

  s-'t 40 -  43° F .  Begun J a n u a r y  50, 1933 . ______

R e s p i r a t i o n
p e r i o d

C arbon  d i o x i d e  l i b e r a t e d  p e r  h o u r  p e r  k i l o .
A f t e r  s t o r a g e  i n  a i r

a e r o b i c  : a n a e r o b i c  s i / N

mg. mg. mg. mg.

1 s t .  day 8 . 2 7 .2 .88 1 4 .0 1 1 .5 .8 2  , j

2 n d .  day 7 .9 7 .2 .91 1 0 .9 8 .6 .79  s

3 r d .  day 9 .2 6 .2 .67 1 1 .1 6 .2 .5 6  :

4 t h .  day 9 .3 4 . 6 .51 1 0 .5 4 . 8 .46  :

5 t h .  day 8 .4 4 . 2 .5 0 9 .5 4 . 7 .49  s

6 t h .  day 8 .5 4 . 3 .51 9 .2 4 . 7 .51  :

A f t e r  s t o r a g e  i n  N i t r o g e n

a e r o b i c  : a n a e r o b ic i / n

D is c u s s i o n

S to r a g e  i n  an  a tm o sp h e re  o f  n i t r o g e n  seems to  s t i m u l a t e  t h e  a e r o b i c  

r e s p i r a t i o n  s l i g h t l y  more t h a n  t h e  a n a e r o b ic  p h a s e .  The e f f e c t  o n ly  l a s t s  tvro 

o r  t h r e e  days  and  i s  p r o b a b ly  due t o  t h e  r a p i d  o x i d a t i o n  o f  i n t e r m e d i a t e
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r e s p i r a t o r y  p r o d u c t s  fo rm ed  d u r in g  s t o r a g e  i n  n i t r o g e n .  The v a l u e  f o r  t h e  

f i r s t  d a y ’ s a n a e r o b i c  r u n  o f  t h e  sam ple  s t o r e d  i n  n i t r o g e n  i s  r a t h e r  h i g h  

a n d  may h e  due to  l i b e r a t i o n  o f  d i s s o l v e d  c a rb o n  d io x i d e  w h ich  h ad  

a c c u m u la te d  i n  t h e  p l a n t  s a p  d u r i n g  t h e  s t o r a g e  p e r io d *
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Vacuum t r e a t m e n t

T h i s  e x p e r im e n t  was c a r r i e d  o u t  t o  f i n d  w h e th e r  t h e  r i s e  i n  r e s p i r a t i o n  

a f t e r  c o l d  s t o r a g e  i s  due to  a  s t i m u l a t i n g  e f f e c t ,  o r  t o  t h e  o u tw a rd  d i f f u s i o n  

o f  c a r h o n  d i o x i d e  d i s s o l v e d  i n  t h e  c o l d  c e l l  s a p  o f  t h e  t u b e r s *

E x p e r im e n t  1 *—  F our  s a m p le s  o f  I r i s h  G o b b le r  t u b e r s  w ere u s e d ,  e a c h  c o n s i s t i n g  

o f  e i g h t  t u b e r s  and  w e ig h in g  a p p r o x im a te ly  1000 grams* T hese  w ere s e l e c t e d  

from  th e  g e n e r a l  l o t  a f t e r  47  d a y s  s t o r a g e  a t  room t e m p e r a t u r e .  Two sam ples  

w ere  s t o r e d  c o n t i n u o u s l y  i n  a  r e f r i g e r a t o r  a t  a b o u t  2*2<>G. (36°  F . ) ;  t h e  

o t h e r  two sa m p le s  w ere s t o r e d  5 weeks i n  t h e  r e f r i g e r a t o r ,  t h e n  two weeks 

a t  room te m p e r a tu r e *  A l l  sam p le s  were i n  w i r e  b a s k e t s *

At t h e  b e g i n n i n g  o f  t h e  r e s p i r a t i o n  t e s t ,  a l l  sam p les  w ere p l a c e d  i n

t h e  r e s p i r a t i o n  cham bers  f o r  f o u r  h o u r s  t o  a l lo w  t h e  c o l d  t u b e r s  t o  warm*

One sam ple from e a c h  t r e a t m e n t  was t h e n  s u b j e c t e d  t o  f u l l  a s p i r a t o r  vacuum.

One d e s i c c a t o r  so o n  im p lo d ed  r e s u l t i n g  i n  a  sud d en  r e l e a s e  o f  t h e  vacuum*

I t  was r e p l a c e d  and  t h e  vacuum h e l d  a t  a b o u t  o n e - t h i r d  a tm o s p h e r i c  p r e s s u r e  

f o r  an  h o u r*  The i n i t i a l  vacuum was n o t  m e a su re d ,  b u t  t h e  a s p i r a t o r  was 

c a p a b le  o f  r e d u c i n g  t h e  p r e s s u r e  b e lo w  2 in c h e s  o f  m e rc u ry .  A f t e r  s low  

r e l e a s e  o f  t h e  vacuum, th e  g a s  f lo w s  w ere c o n t in u e d  s t e a d i l y  u n t i l  t h e  end

o f  t h e  17 h o u r  p r e l i m i n a r y  p e r io d *  The r e s p i r a t i o n  t e s t  was b eg u n

F e b r u a r y  6, 1933* S ee  t a b l e  6 .
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T a b l e  6* R e s p i r a t i o n  a t  22° C. o f  I r i s h  C o b b le r  p o t a t o e s ,  a f t e r  d i f f e r e n t

s t o r a g e  t r e a t m e n t s ,  w i th  and  w i th o u t  e v a c u a t io n * _______________________
s________ C arb o n  d i o x i d e  l i b e r a t e d  p e r  h o u r  p e r  k i l o  i

R e ® ^ ^ 10n  *'Tubers s t o r e d  5 weeks a t  2 . 2 0  g .T u b ers  s t o r e d  3 weeks a t  2 ,2 °  C s
and  2 weeks a t  room t e m p e r a t u r e

e v a c u a te d no sno vacuum 
vacuum : e v a c u a te d "

e v a c u a te d no
vacuum

no vacuum : 
e v a c u a te d  :

mg# mg. mg. mg. ••

1 s t  day 17# 7 2 2 .5 1 .2 7 6 . 6 6 .5
•

,9 8  *

2nd day 2 0 .8 2 2 .9 > 1 .1 0 6 .8 6 .6
:

.9 7
t i  :

3 r d  day 1 8 .0 1 9 .2 1 .0 7 6 . 5 6 .4 .9 9  :

4 t h  day 1 4 .3 1 5 .3
s

1 .0 7  : 6 .2 6 .2
•

1 .0 0  :

5 th  day 1 2 .4 1 2 .7 1 .0 2 6 .1 6 .2
a

1 .0 2  s

6 t n  day 1 0 .3
I

9 .9 .9 7 5 .8 6 .1
a

1 .0 6  s

7 t h  day 8 . 7 8 . 4 .9 7 5 .6
5 •

5 .9  :  1 .0 5  :

E x p e r im e n t  2 , - - S i m i l a r  r e s u l t s  w ere  g a i n e d  from  a n  e x p e r im e n t  r u n  on  G reen

M o u n ta in  t u b e r s  a f t e r  59 d ay s  c o l d  s t o r a g e .  E ach  l o t  c o n s i s t e d  o f  n in e

t u b e r s ,  a n d  w e ig h ed  1000 t o  1008 gram s each# A f t e r  s t o r a g e  one l o t  was s u b j e c t e d  

t o  a s p i r a t o r  vacuum t h r e e  t i m e s ,  30 m in u te s  e a c h ,  w i t h  an  h o u r  o f  s t e a d y  f lo w  

a f t e r  l a s t  e v a c u a t io n #  The r e s p i r a t i o n  was a l l  a e r o b i c ,  a t  22° 0# The 

r e s u l t s  a r e  g i v e n  i n  t a b l e  7# ^ a s p i r a t i o n  t e s t s  began  J a n u a r y  1 , 1932 .

T a b le  7 .  R e s p i r a t i o n  a t  22° C. o f  G reen  M o u n ta in  p o t a t o e s  a f t e r  59 days

c o l d  s t o r a g e .

R e s p i r a t i o n
p e r i o d

C arb o n  d i o x i d e  l i b e r a t e d  p e r  h o u r  p e r  k i l o  o f  t u b e r s  *

No vacuum Vacuum No vacuum : 
vacuum :

rag. rag. ••

1 s t .  day 1 3 .7 1 0 .0 1 .3 7  ;

2nd .  day 1 9 .8 1 5 .5 1 .  28 £

3 r d .  day 1 7 .7 16 .6 1 .0 7  :
a

4 t h .  day 1 8 .6 1 7 .1 1 .0 9  :
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The r e s u l t s  o f  t h e s e  t e s t s  I n d i c a t e  t h a t  t h e  i n c r e a s e  i n  t h e  r e s p i r a t i o n  

o f  p o t a t o e s  s u b s e q u e n t  t o  a  p e r i o d  o f  c o ld  s t o r a g e  i s  due t o  a  s t i m u l a t i n g  

e f f e c t  a n d  n o t  m e re ly  t o  t h e  r a p i d  l o s s  o f  c a rb o n  d i o x i d e  from s o l u t i o n .

T h i s  s u p p o r t s  t h e  c o n c l u s i o n  o f  K imbrough (1925) who found  t h e  r e s p i r a t o r y  

q u o t i e n t  t o  r e m a in  a b o u t  u n i t y  d u r i n g  t h e  p e r i o d  o f  i n c r e a s e d  r e s p i r a t i o n *

The e x p e r im e n t  shows t h a t  t h e  s t i m u l u s  due t o  c o l d  s t o r a g e  d i s a p p e a r s  

q u i c k l y ;  t h e  t u b e r s  h a d  a  n e a r l y  c o n s t a n t  r e s p i r a t i o n  a f t e r  two weeks i n  a i r  

s u b s e q u e n t  t o  c o l d  s to r a g e *  I f  t h e  vacuum t r e a t m e n t  h a d  any i n j u r i o u s  e f f e c t ,  

i t  was n o t  e v id e n c e d  by  a  s i g n i f i c a n t  r i s e  i n  t h e  r e s p i r a t i o n  r a t e  o f  t h e  

e v a c u a te d  t u b e r s  s t o r e d  a t  room t e m p e r a t u r e  j u s t  p r e c e d i n g  t h e  e x p e r im e n t*



►24-

Wounding

T h e re  i s  much c o n f l i c t i n g  d a t a  on t h e  e f f e c t  o f  w ounding on  t h e  r e s p i r a t i o n  

o f  p o t a t o  t u b e r s .  Bohm (1 8 8 ?)  fo u n d  t h a t  w ounding , o r  p e e l i n g ,  r e s u l t e d  i n  

a n  i n c r e a s e  i n  “b o th  t h e  a e r o b i c  a n d  a n a e r o b i c  p h a s e s  o f  r e s p i r a t i o n *  C o ld -  

s w e e te n e d  t u b e r s  h a d  a  h i g h e r  a n a e r o b i c  r e s p i r a t i o n  t h a n  u n s w e e te n e d  ones*

S t i c h  (1891)  d e c i d e d  t h a t  t h e  w ounding  o f  p o t a t o e s  c a u s e d  some s t i m u l u s  i n  

i t s e l f ,  b u t  t h a t  m os t  o f  t h e  i n c r e a s e d  r e s p i r a t i o n  was due t o  a n  i n c r e a s e  

i n  s u r f a c e  f o r  oxygen  a b s o r p t i o n .  The a n a e r o b i c  r e s p i r a t i o n  o f  wounded t u b e r s  

was a b o u t  t h e  same a s  t h e  a e r o b i c  r e s p i r a t i o n  o f  n o rm al t u b e r s .  S t i c h  f a i l e d  

t o  r e g a r d  t h i s  a s  a n  i n c r e a s e  i n  a n a e r o b ic  r e s p i r a t i o n ,  a l t h o u g h  t h e  no rm al 

a n a e r o b i c  r e s p i r a t i o n  o f  p o t a t o e s  i s  n o t  e q u a l  t o  t h e  a e r o b i c .  R ic h a r d s  

(1896) fo u n d  t h a t  r e s p i r a t i o n  a f t e r  w ounding d epended  on  t h e  amount o f  t i s s u e  

i n v o l v e d  an d  t h e  e x t e n t  o f  w ound ing .  He fo u n d  t h a t  much c a rb o n  d io x i d e  was 

s t o r e d  i n  b u lk y  t i s s u e  and  r e l e a s e d  q u i c k l y  a f t e r  w ounding . J o h n s to n e  (1925) 

c o n c lu d e d  t h a t  m o s t  o f  t h e  s t i m u l u s  from  w ounding was due t o  t h e  f a c i l i t a t i o n  

o f  g a s  e x c h a n g e .  H opk ins  (1927) fo u n d  a n  i n c r e a s e  i n  t h e  s u g a r  c o n t e n t  o f  

t i s s u e  a d j a c e n t  t o  w ounds, and  b e l i e v e d  t h a t  a  c o r r e l a t i o n  e x i s t e d  b e tw ee n  

t h e  s u g a r  c o n t e n t  an d  a e r o b i c  r e s p i r a t i o n .  Lutman (1926) found  t h a t  th e  

a n a e r o b i c  r e s p i r a t i o n  o f  p o t a t o e s  d id  n o t  r e s p o n d  to  wound s t i m u l u s .

E x p e r im e n t s  on  t h e  e f f e c t  o f  w ounding w ere  r u n  on b o t h  I r i s h  t i o b b le r  and  

R u s s e t  B u rb a n k  v a r i e t i e s ,  b o t h  b e f o r e  and  a f t e r  c o l d  s t o r a g e .

The t u b e r s  w ere  wounded by  h a c k in g - w i th  a  l i g h t - w e i g h t ,  s h a rp  b u t c h e r  

k n i f e .  The c u t s  w ere a b o u t  o n e - e i g h t h  in c h  d e e p ,  an d  s p a c e d  a  s i m i l a r  

d i s t a n c e  a p p r o x i m a t e l y .  The c u t s  w ere  made i n  two d i r e c t i o n s ,  so t h a t  th e y  

c r o s s e d  e a c h  o t h e r  a t  r i g h t  a n g l e s ,  o r  n e a r l y  s o .  The wounded s u r f a c e  was 

a p p r o x im a te ly  f o u r  t im e s  th e  a r e a  o f  t h e  o r i g i n a l  s u r f a c e  o f  t h e  t u b e r .  The



t u b e r s  l o s t  v e r y  l i t t l e  w e ig h t  d u r in g  th e  p r o c e s s ,  and a lm o s t  n e v e r  was a  

p i e c e  c u t  e n t i r e l y  f r e e  from t h e  t u b e r .

E x p e r im e n t  1 . —  R u s s e t  B u rb an k  p o t a t o e s  w ere u s e d  i n  a  number o f  t e s t s .  

The r e s p i r a t i o n  sam p le s  w ere s m a l l ,  c o n s i s t i n g  o f  5 t u b e r s  e a c h .

The f i r s t  t e s t s  w ere  on t u b e r s  p u r c h a s e d  F e b r u a r y  1 1 .  One s e r i e s  was

r u n  im m e d ia te ly ,  t h e  o t h e r  a f t e r  11 days  s t o r a g e  a t  room t e m p e r a t u r e .  The

p r e l i m i n a r y  p e r i o d  was o f  a b o u t  2 .5  h o u r s  d u r a t i o n .  The r e s u l t s  a r e  g iv e n

i n  t a b l e  8 .

T a b le  8 . R e s p i r a t i o n  o f  wounded R u s s e t  B urb an k  p o t a t o e s  a t  22° C. 
P u r c h a s e d  F e b r u a r y  11, 1 9 3 2 .

R e s p i r a t i o n
p e r i o d

C arb o n  d io x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o •
F e b r u a r y  1 2 -1 6 ,  1932 F e b ru a ry  2 2 -2 7 ,  1932 ;

a e r o b i c a n a e r o b i c i / r a e r o b i c a n a e r o b i c i / R  s

mg. mg. mg. rag. ••

1 s t  day 7 0 .2 3 5 .6 .51 3 9 .7 2 5 .3
•

• 64 s

2n d  day 7 2 .5 2 8 .6 .40 4 7 .8 1 7 .0
•

.3 5  :

3 r d  day 6 0 .1 2 2 . 8 .38 4 2 .9 1 4 .4
•

.3 3  :

4 t h  day 5 1 .6 2 0 .5 .4 0 3 5 .1 1 0 .7
•

• 31 . s

5 t h  day 3 5 .2 8 . 1
♦

.2 3  :

E x p e r im e n t  2 . —  R u s s e t  B urb an k  t u b e r s  w ere u s e d  i n  t h i s  e x p e r im e n t  to  

d e t e r m in e  th e  e f f e c t  o f  w ounding  on t u b e r s  a f t e r  a  lo n g  p e r i o d  o f  c o l d  

s t o r a g e .  The t u b e r s  w ere  a l l  s t o r e d  a t  2 . 2 ° q .  ( 5 5 0  j December 16,

1931 u n t i l  d a t e  o f  t e s t .  The r e s p i r a t i o n  was a t  22° C. The p r e l i m i n a r y  

p e r i o d s  w ere  3 h o u r s  t i m e .  D a ta  a r e  g i v e n  i n  t a b l e s  9 and  10 . The r e s u l t s  

o f  t h e  s e r i e s  r u n  M arch 9 -1 2 ,  a r e  shown g r a p h i c a l l y  i n  f i g u r e  1 .
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T a b le  9 ,  R e s p i r a t i o n  o f  wounded R u s s e t  B u rb an k  p o t a t o e s  a t  22° G. a f t e r  

s t o r a g e  a t  2*2° C.

R e s p i r a t i o n
p e r i o d

C arb o n  d i o x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o . »•

M arch 2 - 4 ,  1932 M arch 9 -1 2 ,  1932 *-•

a e r o b i c a n a e r o b ic i / f a e r o b i c a n a e r o b i c i / n t
mg. mg. mg. mg. ••

1 s t .  day 1 1 9 .0 5 1 .0 .4 3 1 2 3 .7 4 4 .4
•

.3 6  s

2nd* day 1 5 8 .4 3 5 .0 .2 2 1 5 1 .8 3 3 .8
•

.2 2  :

3 rd .  day 1 23 .9 3 5 .1 .2 8  :

T a b le  1 0 ,  R e s p i r a t i o n  o f  wounded H u s s e t  B urbank  p o t a t o e s  a f t e r  s t o r a g e  a t  2 . 2 °  C. 

_____________ V a lu e s  a r e  a v e r a g e s  o f  d u p l i c a t e s .

R e s p i r a t i o n
p e r i o d

O arbon d i o x i d e  l i b e r a t e d  p e r  h o u r  p e r  k i l o  r
A p r i l  2 - 4 ,  1932 A p r i l  7 -1 0 ,  1932 ;

a e r o b i c a n a e r o b i c i / f a e r o b i c a n a e r o b ic i / F  ;
mg. mg. mg. mg. •*

1 s t .  day 1 1 9 .5 3 4 .4 .29 1 2 4 .5 2 6 .5
•

. 21 .

2nd. day 1 5 9 .8 2 9 .7 .19 1 7 2 .6 2 6 .5
.

.1 5  :

3rd. day 1 2 3 .1 2 4 .6 .2 0  s

E x p e r im e n t  5 . —  The r e s p i r a t i o n  sam p les  o f  I r i s h  C o b b le r  t u b e r s  c o n s i s t e d  

o f  e i g h t  t u b e r s  e a c h ,  w e ig h in g  a b o u t  900 g ra m s .  The r e s p i r a t i o n  was a t  

22° C. The p r e l i m i n a r y  p e r i o d s  w ere o f  17 t o  18 h o u r s  d u r a t i o n *  The s t o r a g e  

p e r i o d  a t  2*2° C. b e g u n  a f t e r  47 days s t o r a g e  a t  room t e m p e r a t u r e .  The 

r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  11*
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T a b le  1 1 .  R e s p i r a t i o n  o f  wounded and unwounded I r i s h  G o b b le r  p o t a t o  t u b e r s  

_____________ a t  2 2 ° C.___________________________________________________________________
S t o r a g e _____s R e s p i r a - : ______Carbon d i o x i d e  l i b e r a t ed p e r  h o u r  p e r  k i l o

. , . t i o n  • Unwounded t u b e r s  : V/oiuixded t u b e r sn f i n n r t s t m n r x  * — ■ . ..  .  -  ... . . .  . r — n ■ — ■ . . . .
p e r i o d ,  empt pe r i 0(j  * a e r o b i c  s a n a e r o b ic l / N  * a e r o b i c . *  a n a e r o b ic I / N

d a y s :  room* : mg. i rag. 
* # #

: mg. : mg.

47 s t e r a p : l s t . d a y  * 5 .1  : 6 .3 1 .2 3  : 7 2 .2  : 1 4 .0 .19
• * w 2
: :2nd»dav  s 5 .5  : 3 .9

♦ 2 
.7 2  : 5 8 .6  : 1 6 .6 * .2 8 *. s s ---------------; -----------------

56 *2.2PC*lst day  * 2 8 .7  5 12*6
* 1 —-------- ——

.4 4  s 1 4 4 .3  ; 2 5 .9 .18-
• • * •
s :2nd dav  * 2 9 .5  s 1 2 .1 .4 1  I 1 0 9 .3  2 3 8 .7 * .3 5 *

*  I n d i c a t e s  e r r o r  du e  t o  g ro w th  o f  m ic r o o r g a n is m s .

D i s c u s s i o n

The m ost r e l i a b l e  c o n t r o l  d a t a  f o r  c o m p ar iso n  o f  t h e  i / N  v a l u e s  o f  

t h e  R u s s e t  Burbank t u b e r s  a r e  g iv e n  i n  t a b l e  1 5 .  The t e s t s  w ere  n o t  made 

a t  t h e  aame t im e  b u t  a  c o m p a r iso n  o f  t h e  i / N  v a l u e s  i s  l o g i c a l ,  and t h e  

wounded t u b e r s  h ave  much lo w e r  i / N  v a l u e s .  T h i s  i n d i c a t e s  t h a t  wounding 

s t i m u l a t e s  t h e  a e r o b i c  r e s p i r a t i o n  more t h a n  i t  d o es  t h e  a n a e r o b i c .

The e x p e r im e n t  w i th  t h e  I r i s h  C o b b le r  t u b e r s  b e a r s  o u t  t h i s  c o n c l u s i o n .  

The l a t t e r  t u b e r s  w ere  n o t  w ashed b e f o r e  w ounding and t h e  g row th  o f  

m ic ro -o rg a n is m s  became n o t i c e a b l e  t h e  second  d a y .

The wounded s u r f a c e s  form ed a  new p e r id e rm  i n  a  week o r  l e s s  i n  a i r ,  

b u t  t h e r e  was no t r a c e  o f  new p e r id e r m  i n  t h e  a n a e r o b ic  s a m p le s .  T h is  

c o n f i rm s  p r e v io u s  w o rk .  The g r e a t  i n c r e a s e  i n  a e r o b i c  r e s p i r a t i o n  i s  

p a r t i a l l y  d u e ,  p e r h a p s ,  t o  t h e  a c c e l e r a t i o n  o f  m e ta b o l i c  a c t i v i t y  i n  

fo rm in g  a  new p e r id e r m .

The l e s s  p ronounced  i n c r e a s e  i n  t h e  a n a e r o b ic  r e s p i r a t i o n  may be  due 

m a in ly  t o  t h e  i n c r e a s e d  s u r f a c e  f o r  ou tw ard  d i f f u s i o n  o f  g a s e s .
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M o is t  and d r y  s t o r a g e

McCormick p o t a t o e s  w ere  used  i n  t h i s  e x p e r im e n t*  Two s e r i e s  w ere  

u s e d ,  one s t o r e d  62 d a y s ,  t h e  o t h e r  90 d a y s .  Sam ples  w ere  o f  8 t u b e r s  

e a c h ,  and w eighed  a b o u t  900 g ra m s .  C o n t r o l  sam p le s  w ere  s t o r e d  i n  w i r e  

t e s t  tu b e  b a s k e t s  p r o t e c t e d  from  l i g h t  by a  s c r e e n  o f  b la c k  c l o t h .  The 

e x p e r i m e n t a l  sam p le s  w ere  p la c e d  on m o is t  saw d u st  i n  l a r g e  f lo w e r  p o t s ,  

and c o v e re d  w i th  a b o u t  1*5 in c h e s  o f  t h e  sam e. W ater  was added o c c a s i o n a l l y  

t o  k eep  t h e  saw d u s t  m o i s t .  The t u b e r s  w ere b e g in n in g  t o  s p r o u t  i n  m o is t  

s t o r a g e  when th e  f i r s t  s e r i e s  was r u n ,  J a n u a r y  2 2 -2 8 ,  1934; when t h e  second  

s e r i e s  was r u n ,  F e b r u a r y  1 9 - 2 5 ,  t h e  t u b e r s  i n  t h e  a i r  s t o r e d  sam p le s  had 

s p r o u t s  a b o u t  .5  in c h  l o n g ,  and t h o s e  o f  t h e  sam p le s  s t o r e d  i n  saw dust w ere  

from  1 t o  3 in c h e s  l o n g .  The s p r o u t s  w ere  n o t  removed b e f o r e  t h e  r e s p i r a t i o n  

t e s t .  The r e s p i r a t i o n  was a t  22 J t . 5 °  C . ;  t h e  p r e l i m i n a r y  p e r io d  l a s t e d  

ab o u t  6 h o u r s .  The r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e s  12 and 1 3 .

T a b le  1 2 .  R e s p i r a t i o n  a t  22-* . 5 °  C. o f  McCormick p o t a t o e s  a f t e r  s t o r a g e

i n  a i r *  and i n  m o is t  s aw d u s t  a t  room t e m n e r a t u r e  f o r  62 d a v s .  s

R e s p i r a t i o n
p e r i o d

C arbon  d i o x i d e l i b e r a t e d  p e r h o u r  o e r  k i l o
A f t e r s t o r a g e  i n  a i r  : A f te r s t o r a g e  i n  m o is t  s aw d u s ts

a e r o b i c t a n a e r o b ic ! I / N  8 a e r o b i c  s a n a e r o b ic 8 I /N  3

mg. •• mg. 3 £ mg. * mg. 3
•

1 s t .  day 4 .6 3 5 .8 s l . 2 6  £ 8 .1 s 8 . 0 *•
•

.99  :

2 n d .  day 5 .2
•
• 5 . 4

• •
s i . 03 : 7 .6 : 5 .8 •a .7 7  s

£ s : 3 •«
3 r d .  day 4 . 4 : 5 .5 s l . 2 4  : 6 .1 : 5 .5 •• .9 0  :

4 t h .  day 4 .9
£
••+ 7 .5

# •
s i . 55 i
t 3

6 .7 : 6 .5
•

.9 7  s
3

3 a e r o b i c S 3 : a e r o b i c •

I
5 t h .  day 4 .8

3

3 1 8 .7
8 . 
3 —  8 6 .1 s 2 1 .4 3 ----- *

• •  ♦ • • 3 3 5
6 t h .  day 4 .9 3 3 7 .7 •  •  • ♦ • 6 .1 : 3 4 .5 3 3



T a b le  13 . R e s p i r a t i o n  a t  22db . 5 °  C. o f  McCormick p o t a t o e s  a f t e r  s t o r a g e

i n  a i r ,  and i n  m o i s t  saw d u s t  a t  room t e m p e r a t u r e  f o r  90 d a y s .
* C arbon  d i o x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o  :

i n s p i r a t i o n s  s A f t e r  s t o r a g e  i n  a i r  : A f t e r  s t o r a g e  i n  m o is t  saw d u sts
perxou

t a e r o b i c  s a n a e r o b ic i / N  s a e r o b i c  : a n a e r o b ic  : i / N  5
t mg. i mg. s mg. t mg. s s

1 s t .  d ay  : 5 . 6  s 6 .7 1 .2 0
► • • •

9*1 • 8 .8  t .96  s
• i

2 n d .  day  i 5*7 : 5 . 4 .93 8 .9  : 6 .8  : .7 6  :

3 r d .  d ay  s 5 .7  ; 6 .3 1 .1 1 8 .5  i 5 .3  i .63  :

4 t h .  day  s 5 . 4  s 6 .6 1 .2 1
• • •

8 . 0  s 5 .6  • .7 0  : s
8 8 a e r o b i c  » •>* «

s a e r o b i c  8 : 
• • •

5 t h .  d ay  5 5 .2  8 1 9 .4 ----- 7 .6  8 2 1 .1  ; -----  8
• •

6 t h .  day  * 5 .3  : 38*3 8 .0  s 40*0 s — -  *

The r e s u l t s  o f  t h i s  e x p e r im e n t  show c l e a r l y  t h a t  t h e  a e r o b i c  r e s p i r a t i o n  

o f  p o t a t o e s  i s  g r e a t e r  a f t e r  s t o r a g e  i n  m o i s t  s a w d u s t .  A n a ly s e s ,  t a b l e  2 5 ,  

showed t h a t  t h e  t u b e r s  s t o r e d  i n  t h e  m o i s t  saw d u s t  c o n t a in e d  more m o i s t u r e  

and more s u g a r s  th a h  t h o s e  s t o r e d  i n  t h e  a i r .  The a n a e r o b ic  r e s p i r a t i o n  

showed v e ry  l i t t l e  s t i m u l a t i o n  as  a  r e s u l t  o f  m o is t  s t o r a g e ;  as  a  r e s u l t  

t h e  i / N  v a lu e s  a r e  c o n s i s t e n t l y  lo w e r  f o r  th e  l o t s  a f t e r  m o is t  s t o r a g e .
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R e s p i r a t i o n  s u b s e q u e n t  t o  c o ld  s t o r a g e

The e x p e r im e n t s  h e r e i n  r e p o r t e d  w ere  d e s ig n e d  t o  e x te n d  p r e v io u s  

o b s e r v a t i o n s  on th e  r e s p i r a t i o n  o f  p o t a t o e s *  Kimbrough (1 9 2 5 )  h a s  made 

a  th o r o u g h  s tu d y  o f  t h e  r e s p i r a t o r y  r e s p o n s e  o f  p o t a t o e s  t o  p e r i o d s  o f  

c o ld  s t o r a g e  and found  a  p ro n o u n c e d  i n i t i a l  r i s e  i n  t h e  r e s p i r a t i o n  r a t e  

when t u b e r s  w ere  removed from  a  c o l d  t o  a  warm t e m p e r a tu r e *  Bohm ( 1 8 8 7 ) ,  

and Appleman (1 9 1 5 )  h ave  o b s e rv e d  t h e  same e f f e c t *  Bohm r e p o r t e d  t h a t  t h e  

a n a e r o b ic  r e s p i r a t i o n  was a l s o  i n c r e a s e d  a f t e r  e x p o s u re  t o  c o ld *  M i i l l e r -  

T h u rg a u  ( 1 8 8 2 ) ,  Appleman ( 1 9 1 2 ) ,  and H opk ins  (1 9 2 4 )  h av e  found  t h a t  t h e  

s u g a r  c o n t e n t  o f  p o t a t o e s  i n c r e a s e s  g r e a t l y  d u r i n g  c o ld  s t o r a g e .  A 

t e m p e r a t u r e  o f  2° C. (3 6 °  F . )  o r  l e s s  i s  n e c e s s a r y  t o  c a u s e  l a r g e  i n c r e a s e s  

i n  t h e  s u g a r  c o n t e n t ,  o r  a  p ron o u n ced  i n c r e a s e  i n  t h e  r e s p i r a t o r y  r a t e *

B a rk e r  (1 9 3 3 )  s t o r e d  t u b e r s  a t  t e m p e r a t u r e s  o f  -  1°  C* and 1°  C* and 

found  t h a t ,  a f t e r  a  b r i e f  i n i t i a l  r i s e ,  t h e  r e s p i r a t i o n  r a t e  was below  

norm al and he p r e s e n t s  a s  e x p l a n a t i o n  t h e  h y p o t h e s i s  t h a t  a  d e p r e s s a n t  

i s  fo rm ed ,  o r  i n i t i a t e d ,  a t  low t e m p e r a t u r e s  w hich  l a t e r  a f f e c t s  t h e  

r e s p i r a t i o n *  H is  d a t a  a r e  d i f f e r e n t  f rom  t h o s e  o f  t h e  o t h e r  w o rk e rs  

m e n tio n ed *

E x p e r im e n t  1 »—  The p r e l i m i n a r y  t e s t s  w ere  made w i th  G reen M oun ta in  t u b e r s .  

The sa m p le s  c o n s i s t e d  o f  t e n  t u b e r s  e a c h ,  and w eighed  from  1097 to  1 164 .5  

gram s when s t o r e d .  The r e s p i r a t i o n  was a t  22° G. The r e c o r d  was begun 

a f t e r  p r e l i m i n a r y  p e r i o d s  o f  a b o u t  4 h o u r s .

The c o l d  s t o r a g e  t e m p e r a t u r e  was b e tw ee n  36° F .  and 41°  F .  ( 2 . 2 - 5 . 0 °  C .)  

t h e  a v e r a g e  b e in g  much n e a r e r  t h e  minimum. T h ree  t e s t s  w ere  ru n  a f t e r  

d i f f e r e n t  p e r i o d s  o f  s t o r a g e .  The r e c o r d s  a r e  p r e s e n t e d  i n  t a b l e  1 4 .
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T a b le  1 4 .  R e s p i r a t i o n  a t  2 2 °  C. o f  G reen  M ounta in  p o t a t o e s  af t e r  c o ld  s t o r a g e •
t .

S t o r a g e  3 : R e s p i r a t i o n
p e r io d

Carbon d i o x i d e  l i b e r a t e d  
* p e r  h o u r  p e r  k i l o

P e r i o d  : Temp. * * a e r o b i c t a n a e r o b ic i / n

d a y s  s : : mg* s mg*
t : 1 s t*  d ay : 1 8 .3 s 1 5 .3 .83
s :
• # • • 2 n d .  day : 2 2 .8 ] 1 3 .7 .6 0
s •

3rd*  day i 2 1 .9 s 1 2 .2 .56
sa2 -4 .5 °C f

21 : 
.(36-40°F]t

4 th *  day s 2 0 .2 ; 1 1 .4 .5 7

• • 5 th *  day : 1 8 .0 : 1 1 .6 .6 4

5 i 6 t h .  day 5 1 5 .6 ! 1 4 .8 .96

I I 7 t h .  day i 1 5 .3 s 1 6 .0 1 .0 5
ft m 0 ft
•  2 1 s t .  day s 1 6 .4 1 4 .1 .86
* t 
0 S 2 n d . day : 2 3 .9 s 1 3 .2 .55
♦ #
• « • * 3 r d .  day : 2 8 .8 : 1 4 .9 .52
:2.2-4.5PC ;

3 1 • « 4 t h .  day 2 3 .8 :  1 2 . 1 .51
:(36-40°F)s
# ft ft ft 5 t h .  day s 2 1 .7 :  1 1 .4 .52
• 2

6 t h .  day : 2 0 . 0 ; 1 1 . 0  I .55
• *

7 t h .  day I 1 7 .8 J 1 0 .7 .6 0

: s 1 s t .  day s 1 9 .7 s ' 1 5 .1 t .7 6
: :
: : 2nd . day s 2 3 .7 :  1 2 .2 .51
s2^-5.0°Cs t

4 2  !(35-41<*.)!ft ft
3 r d .  day s 2 0 .4 £ 1 3 .7 .67

s s 4 t h .  day 1 9 .4 s 1 3 .8 .71
ft ft

t : 5 t h .  day s 1 8 .5 s 1 3 .2 .7 1
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S x p e r im e n t  2 . —  R u s s e t  B urbank p o t a t o e s  p u r c h a s e d  December 1 5 ,  1931 w ere 

used i n  t h i s  ex p e r im e n t*  The s t o r a g e  t e m p e r a t u r e  was more c o n s t a n t  th a n  

i n  E x p e r im e n t  1 ,  and av e ra g ed ' a  l i t t l e  low er*  The sam p les  c o n t a in e d  e i g h t  t u b e r s  

e a c h  and w eighed  a b o u t  1100 g ra m s .  The r e s p i r a t i o n  was a t  22° C. The 

p r e l i m i n a r y  p e r i o d  was 2 h o u r s  f o r  t h e  sam p le s  s t o r e d  25 d a y s ,  and a b o u t  

4  h o u r s  f o r  t h e  sa m p le s  s t o r e d  35 d a y s .  The r e s u l t s  o f  b o th  s e r i e s  a r e  

g i v e n  i n  t a b l e  1 5 .

T a b le  1 5 .  R e s p i r a t i o n  a t  2 2 °  C. o f  R u s s e t  Burbank p o t a t o e s  a f t e r  c o ld  s to r a g e ,

S t o r a g e R e s p i r a t i o n
C arbon d i o x i d e  l i b e r a t e d  

p e r  h o u r  p e r  k i l o

P e r io d : Temp •
p e r i o d S ..........................  .

s a e r o b i c  t a n a e r o b ic I / N
Days t mg. mg.

1 s t . day i 2 5 .2 1 6 .6 .6 6

2 n d . day : 3 3 .6 1 2 .6 .37

! 2 . 2 °  C .
3 rd  • day

%

: 3 5 .8
s

1 2 .2 .3 4

25
1 (350 F j

4 t h . day : 2 9 .9 1 0 .2 .3 4

5 t h . day : 2 3 .8 8 .6 .36

6 t h . day I 1 7 .7 7 .6 .43

7 t h . day
•

2 12 » 2 7 .3 .60

1 s t . day
:
* 2 1 .2 1 4 .5 .6 8

2 n d . day s 2 6 .7 1 2 .3 .46

35
: 2 . 2 - 2 .8 0  c .

*.(36-370 F.)

3 r d .

4 t h .

5 t h .
:
* 6 t h .

day

day

day

day

t 2 4 .5

• 2 1 .  6 
i

s 1 5 .9  
*
! 1 1 .6

i 1 1 .6
s
» 1 1 .9
*»

1 1 .3
t
i 1 0 .1

.47

.55

.71

.87
t
• 7 t h . day

*

: 9 .2 i 9 .3 1 .0 1
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E x p e r im e n t  3 . —  The e x p e r im e n t  on t h e  e f f e c t  o f  c o ld  s t o r a g e  was r e p e a t e d  

w i t h  I r i s h  C o b b le r  tu b e r s *  T h ese  s a m p le s  w ere  s e l e c t e d  from  t h e  g e n e r a l  

l o t  a f t e r  47 d a y s  s t o r a g e  i n  t h e  l a b o r a t o r y  a t  a  mean t e m p e r a t u r e  o f  a b o u t 

65°  F .  The sam p le s  w eighed  a b o u t  1000 grams each  and c o n s i s t e d  o f  e i g h t  

t u b e r s *  S to r a g e  a t  36°  F* was begun  J a n u a r y  2* 1933; t h e  r e s p i r a t i o n  t e s t  

was begun J a n u a r y  23 ; t h e  p r e l i m i n a r y  p e r i o d  l a s t e d  18*5 h o u r s .  The 

r e s u l t s  a r e  g iv e n  i n  t a b l e  16*

T a b l e  1 6 .  R e s p i r a t i o n  o f  I r i s h  C o b b le r  p o t a t o  t u b e r s  a t  h ig h  and low

R e s p i r a t i o n
p e r i o d

s C arbon d i o x i d e l i b e r a t e d p e r  h o u r  p e r  k i l o

* ... ... a t  2 2 J r . 20 C •» • . a t  2 5^tJ5o C .
* a e r o b i c a n a e r o b ic : i / N  t a e r o b i c a n a e r o b ic i / n

nig.* ' mg* S l mg* mg. s

l s t  day s 12*6 1 3 .5 * 1 .0 7  * 3 .9 3 .1 .8 1

2nd. day
• •
* 1 1 .8  « 1 0 .9

• •
s .93  t 3 . 7 3 . 0 .81

3 rd .  day s 10*7
ft

8 .8 • .82  * 3 . 4 2 .4 .71

4 th .  day : 12*6 8 .6
* *
s .6 8  ; 3 .3 2 .6 .79

5th* day
•

1 0 .1 9 . 1 * s . 9 0  f 2 .9 1 .7 .59

6 th .  day
#

9 .1
1

9 .9 *
i i
: 1 .0 9  s 2 . 4 1 . 4 .56

*  R i s e  due t o  unknown c a u s e ;  breakdow n o f  t i s s u e  n o t  e v id e n t*

E x p e r im e n t  4* — Two s e r i e s  w ere  ru n  i n  t h i s  e x p e r i m e n t ,  one a f t e r  21 days  

s t o r a g e  a t  3 6 -3 8 °  F . ,  t h e  o t h e r  a f t e r  56 d ay s  s t o r a g e .  The t u b e r s  used 

w ere o f  t h e  I r i s h  C o b b le r  v a r i e t y  and had b e e n  s t o r e d  a t  room t e m p e r a t u r e  

47 d ay s  b e f o r e  b e g in n in g  t h e  s t o r a g e  a t  low t e m p e r a t u r e .  The sam ples  

c o n s i s t e d  o f  e i g h t  t u b e r s  each  and w eighed a b o u t  1000 g ra m s .  The r e s p i r a t i o n  

cham bers  w ere a t  22° C. The p r e l i m i n a r y  p e r io d  l a s t e d  a b o u t  18 h o u r s .  The 

r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  1 7 ,  and a l s o  i n  g r a p h ,  f i g u r e  2 .
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T a b l e  1 7 .  R e s p i r a t i o n  a t  22® C. o f  I r i s h  C o b b le r  p o t a t o e s  a f t e r  s t o r a g e  

 __________a t  2 .2 -3 .3 Q  c .  (3 6 -3 8 > F . )______________ ;_____________________________

S t o r a g e R e s p i r a t i o n C arbon  d i o x i d e  l i b e r a t e d  
p e r  h o u r  p e r  k i l o

D a te  s P e r io d  s
fcJ J- j 

: a e r o b i c a n a e r o b ic  : i / N
t d ay s  * !

*
mg. rag. s 

•t •
: i

•
1 s t .  day  * 1 2 .6  : 1 3 .5  s 1 .0 7  

*

J a n .  2 ,  : 2 n d .  day
i

1 1 .8
•

1 0 .9  : .93
t o  : 21 ••

J a n .  2 3 .  * 3 r d .  day 1 0 .7 8 .8  : .82

i
4

4 t h .  day 1 2 .6
•

8 .6  * .68
i : 9

9 •e
i 1 s t .  day 2 8 .7 1 2 .6  s .44
X * s
* 2 n d .  day 2 9 .5 1 2 .1  t .41

J a n .  2 ,  :
t o  s 56 3 r d .  day 2 4 .8  t 1 1 .1  : .45

F e b .  2 7 .  ; j •
*• 4 t h .  day 2 0 .2 1 1 .6  : .5 8

5 t h .  day 1 5 .8
#>

£ 1 1 .2  S .7 1

E x p e r im e n t  5 . - -  T u b e rs  o f  t h e  McCormick v a r i e t y  w ere  used i n  t h i s  e x p e r im e n t .

S am ples  w ere  s e l e c t e d  a b o u t two w eeks a f t e r  t h e  p o t a t o e s  w ere  h a r v e s t e d ;

each  c o n t a in e d  8 t u b e r s  and w eighed  ab o u t  900 g ra m s .  One s e r i e s  o f  sam p les

was s t o r e d  a t  2 2 ^ . 5 °  C. i n  t h e  r e s p i r a t i o n  t h e r m o s t a t ,  t h e  o t h e r  s e r i e s

i n  t h e  r e f r i g e r a t o r  a t  1 . 5 i . 5 °  C. T h ese  w ere  removed a f t e r  d i f f e r e n t  p e r i o d s

o f  t im e  t o  22° C. and t h e  r e s p i r a t i o n  compared w i th  t u b e r s  k e p t  c o n s t a n t l y

a t  22° C. Due to  s h o r t a g e  o f  m a t e r i a l ,  t h e  l a s t  two sam p le s  w ere  t a k e n  from

room t e m p e r a t u r e  s t o r a g e  and k e p t  a t  22° C. f o r  28 d ay s  p r e c e d in g  t h e  
. t e s t ,

r e s p i r a t i o n /  T hese  l a s t  s am p le s  a r e  compared w i th  sam p le s  s t o r e d  76 d ay s  

a t  t h e  low t e m p e r a tu r e *  The r e s u l t s  o f  t h i s  s e r i e s  o f  t e s t s  a r e  p r e s e n t e d  

i n  t a b l e s  1 8 ,  1 9 ,  2 0 ,  and 21 and i n  f i g u r e  3 .
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T a b le  1 8 ,  R e s p i r a t i o n  a t  

_________ c e l l a r  s t o r a g e

22° C. o f  McCormick p o t a t o e s  a f t e r  a b o u t  2 weeks 

Rovember 20—27, 1955*_____________ _

R e s p i r a t i o n
p e r i o d

C arb o n  d i o x i d e  l i b e r a t e d  
p e r  h o u r  p e r  k i l o

a e r o b i c a n a e r o b ic i / r

mg. mg.

1 s t .  day 2 9 .8 1 6 .8 .5 6

2 n d .  day 2 3 .5 1 4 .6 .6 2

3 r d .  day 2 0 .3 1 2 .4 .6 1
a e r o b i c  :

4 t h .  day 1 6 .7 4 0 .8 -----

5 t h .  day 1 5 .1 3 6 .7 -----

6 t h .  day 1 5 .3 1 9 .8 ------

7 t h .  day 1 2 .9 1 6 .3 —

T a b l e  1 9 .  R e s p i r a t i o n  a t  22°  C. o f  McCormick p o t a t o e s  a f t e r  warm and c o ld

s t o r a g e  f o r  21 d a y s .  T e s t ,  December 1 1 -1 8 ,  1933 .

R e s p i r a t i o n
p e r i o d

C arb o n  d i o x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o

A f t e r  s t o r a g e  a t  22 ± 50 C. A f t e r  s t o r a g e  a t  1 . 5 - * . 5 °  C

a e r o b i c a n a e r o b i c i / l l a e r o b i c a n a e r o b ic i / r

mg. mg. mg. mg.

1 s t . day 6 .4 8 .1 1 .2 6 2 9 .3 2 3 .6 .8 0

2 n d . day 6 .3 7 .5 1 .1 8 2 8 .5 2 3 .1 .8 1

3 r d . day 6 .5 9 . 2 1 .4 2 2 3 .3 1 8 .9 .8 1

4 t h . day 6 .1 7 .8

a e r o b i c

1 .2 8 1 8 .1 1 7 .3

a e r o b i c

.9 6

5 t h . day 5 .9 2 4 .6 ------- 1 6 .4 4 0 .4 -----

6 t h . day 6 .2 4 3 .2  s 15 .0 4 1 .5 -----

7 t h . day 6 .1 3 0 .0  • 1 3 .6 2 5 .6
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T a b l e  20* R e s p i r a t i o n  a t  22 °  C. o f  McCormick p o t a t o e s  a f t e r  warm and c o ld  

. __________s t o r a g e  f o r  49 d a y s .  T e s t*  J a n u a r y  8-14* 1934*___________________
* C arbon d i o x i d e  l i b e r a t e d  p e r  h o u r  p e r  k i l o

R e s p i r a t i o n  TTT"------------------ ------------ — “----------- --------- --------------------------- -------
p e r i o d  a A f t e r  s t o r a g e  a t  2 2 ±  . 5 °  C 8 A f t e r  s t o r a g e  a t  l i :  . 5 °  C.

: a e r o b i c s a n a e r o b ic « I / N  i a e r o b i c : a n a e r o b ic * i / n

mg. * mg* * mg. s mg. «

•• s : i • 3

1 s t* day 4 . 5 5 6*1 t 1 .3 5
t *

3 2 .0 3 2 3 .1

0
2

o.

2nd* day 4*9
•

s 5 .6 s 1 .1 4 3 7 .4
«

X 2 4 .0 .6 4

3rd* day 5 . 0
1

: 5 .2
•

3 1*03 3 1 . 0 3 21*3 .69

4 th * day 4 . 8
8

: 7*1
t

• 1 .4 7 2 4 .7
•

3 20*4 3 .83
*• s t * 3

t a e r o b i c i •* a e r o b i c *
*

5 t h . day 4 .8
*

5 19*6
a

1 7 .5
•

S 4 0 .1
4
■• ----------

6th* day 5 .0
•

t 3 6 .4
•

14*5 3 4 3 .2 3 ---------

T a b le  21* R e s p i r a t i o n  a t  22°  C. o f  McCormick p o t a t o e s  a f t e r  warm and c o ld

_____________ s t o r a g e  f o r  76 d ays*  T e s t ,  F e b r u a r y  5 - 1 2 ,  1934* ___________ _____
:________ C arbon  d i o x i d e  l i b e r a t e d  p e r  h o u r  p e r  k i l o _____________

^ p e r i o d ^ " 011 * A f t e r  s t o r a g e  a t  22 .±*5° C.*8 A f te r  s t o r a g e  a t  1 ±  *5° C*
3 a e r o b i c  t a n a e r o b ic  t i / N  : a e r o b i c  t a n a e r o b ic  » i / N

mg. * mg. 3 mg. 3 mg. ••
• #« J 3 ••

1 s t .  day 4 .7 s 5*9 « 1 .2 4 3 3 0 .1 * 2 1 .1 s .70
•* *• 8 •

2nd. day 5 .5 3 5 .6 •• 1 .0 1 3 3 5 .7 •• 2 2 .6 s .63

3rd . day 5 .6
t
3 5 .1

s
•• .90

s
3 3 3 .7 3 2 3 .0 : .6 8

• •• 3 3 ♦*
4 th .  day 5 . 4 3 5 .5 3 1 .0 2 : 2 7 .0 3 2 0 .6 s .7 6

1 3 : •* 3 3
■i t a e r o b i c 3 8 I a e r o b i c 3
3 3 3 *# 3 3

5 th .  day  s 5 .6 8 1 1 .1 3 ------ « 2 0 .2 * 4-1*7 J ^

•• 3 •• s
6 th .  day 5 .6 x 3 4 .5 3 - — - : 1 5 .7 3 4 2 .9 1 —

*  S to r a g e  a t  room t e m p e r a t u r e  f o r  49 d a y s ;  a t  22° C. f o r  l a s t  28 days



:  1 h T - H -  i-

i x h

:d

/^ /G .
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E x p e r im e n t  6 . —  Two s e r i e s  o f  I r i s h  C o b b le r  t u b e r s  were r u n  a f t e r  7 an d  21 

d a y s  s t o r a g e ,  r e s p e c t i v e l y ,  a t  4 . 5 - 6 . 0 °  C . (4 0 -4 3 °  F . ) E ach  sam ple  c o n t a i n e d  

e i g h t  t u b e r s  and  w e ighed  a b o u t  850 g ra m s .  The t u b e r s  h a d  b e e n  s t o r e d  a t

room t e m p e r a t u r e  f o r  54 day s  b e f o r e  t h e  c o ld  s t o r a g e  was b e g u n .  The r e s p i r a t i o n
\

ch am b ers  w ere a t  22° C . mixe p r e l i m i n a r y  p e r i o d  l a s t e d  a b o u t  18 h o u r s .

The r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  2 2 .  S to r a g e  was begun  J a n u a r y  9 , - 1 9 3 3 .

T a b l e  2 2 .  R e s p i r a t i o n  a t  22° C. o f  I r i s h  C o b b le r  p o t a t o e s  a f t e r  s t o r a g e  a t  

_____________ 4 . 5 - 6 . 0 °  C. (4 0 -4 3 °  F . ) . ___________________________________________

S t o r a g e R e s p i r a t i o n
p e r i o d

C arbon  d io x i d e  l i b e r a t e d  
p e r  h o u r  p e r  k i l o

R a te P e r i o d a e r o b i c a n a e r o b i c I /N
day s mg. mg*.

1 s t .  day 8 .0 7 .6 • 95

2nd . day 7 .0 7 .5 1 .0 7

J a n .  9 - 3 r d .  day 6 .6 5 .9 .89
t o 7

J  a n .  16 . 4 t h .  day 6 .8 4 .6 .68

5 t h .  day 5 .9 4 .9 .8 3

6 t h .  day 5 .8 4 . 4 .77

1 s t .  day 8 . 2 7 .2 .88

2nd . day 7 .9 7 .2 .9 1

J a n .  9 - 3 r d .  day 9 . 2 6 .2 .6 7
to 21

J a n .  30, 4 t h .  day 9 .3 4 .8 .51

5 t h .  day 8 .4 4 . 2 .50

6 t h .  day 8 .5 4 . 3 .5 1

E x p e r im e n t  7 . —  T h re e  l o t s  o f  McCormick p o t a t o e s  w ere s t o r e d  a t  6 . 5 J r 2 . 0 °  C. 

on  November 21, 1933 . The p o t a t o e s  h a d  b e e n  h a r v e s t e d  a b o u t  Uovember 4 ,  

and  s t o r e d  a t  a p p r o x im a te ly  45°  F .  u n t i l  s t a r t  o f  e x p e r i m e n t .  E ach  sam ple



c o n s i s t e d  o f  8 t u b e r s  and  w e ig h ed  a b o u t  900 g ra m s ,  The l o t s  w ere s t o r e d  

5 3 ,  8 3 ,  and  111 days  r e s p e c t i v e l y • At t h e  end  o f  a  s t o r a g e  p e r i o d  t h e  two 

sa m p le s  o f  a  l o t  w ere  rem oved , and  p l a c e d  i n  t h e  r e s p i r a t i o n  cham bers  a t  

22 , 5 °  0 . ,  one sam ple  u n d e r  a e r o b i c ,  t h e  o t h e r  u n d e r  a n a e r o b i c  c o n d i t i o n s .

The p r e l i m i n a r y  p e r i o d s  w ere  o f  a b o u t  5 ,5  h o u r s  d u r a t i o n .  The r e s u l t s  a r e  

p r e s e n t e d  i n  t a b l e  23 and  i n  f i g u r e  4 .

T a b le  2 3 ,  The r e s p i r a t i o n  a t  22° G, o f  McCormick p o t a t o e s  a f t e r  s t o r a g e  a t

6 , 5 A 2° G,

S t o r a g e R e s p i r a t i o n C arbon  d i o x i d e  l i b e r a t e d  
p e r  h o u r  p e r  k i l o

i / etD a te P e r i o d a e r o b i c a n a e r o b i c
d ays mg. mg.

1 s t ,  day 1 7 .5 1 7 .7 1 .0 1

l lo v .  21, 1933 2nd• day 1 8 .2 1 7 .6 .9 7
to 53

J a n .  15 , 1934 3 r d ,  day 1 4 .9 1 5 .2 1 .0 2

4 t h .  day 1 1 .5 1 2 .6 1 .1 0
a e r o b i c

* 5 t h ,  day 1 0 .0 3 7 .0 -------

1 s t . day 1 7 .8 1 5 .4 .8 6

2 n d . day 1 9 .3 1 6 .2 .8 4
Nov. 21, 1933

t o 83 3 r d . day 1 4 .3 1 3 .0 .9 1
? e b . 12, 1934

4 t h . day 1 2 .8 1 1 .5 .9 1

5 t h . day 1 0 .8 1 1 .2
a e r o b i c

1 .0 4

6 t h . day 9 .7 3 9 .0 -------

1 s t . day 1 3 .9 1 3 .2 .9 5

2n d . day 1 6 .4 1 4 .4 .89

F o v . 21 ,
to

1933
111 3 r d . day 1 3 .5 1 1 .2 .8 3

Mar • 12, 1934
4 t h . day 9 .8 9 . 4

a e r o b i c
.9 6

5 t h . day 9 .7 3 2 .2 -----



o / ^ /
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E x p e r im e n t  8 . —  I n  o r d e r  t o  s tu d y  t h e  e f f e c t  o f  lo n g  s t o r a g e  a t  low t e m p e r a t u r e  

on  r e s p i r a t i o n ,  two sam p le s  w ere p l a c e d  a t  t h e  c o l d  t e m p e r a t u r e ,  1£ £  1° C. 

a s  so o n  a s  r e c e i v e d ,  an d  t e s t e d  a t  i n t e r v a l s .  The a n a e r o b i c  sam p le  was s t o r e d  

i n  a i r  d u r i n g  t h e  i n t e r v a l  b e tw e e n  r e s p i r a t i o n  t e s t s .  The d a t a  a r e  p r e s e n t e d  

i n  t a b l e  24 .

T a b le  24* R e s p i r a t i o n  o f  McCormick p o t a t o  t u b e r s  k e p t  c o n s t a n t l y  c o l d ,  

a t  l ^ J r l o  o. (35  -± 2° F . ) _____

D a te R e s p i r a t i o n
p e r i o d

C arbon  d i o x i d e  l i b e r a t e d  
p e r  h o u r  p e r  k i l o

• a e r o b i c a n a e r o b i c I / F
mg. mg.

1 s t . day 7 .1 5 .7 .8 0

2nd . day 5 .3 4 . 1 .79

F o v .  2 0 -2 8 ,  1933
3 r d . day 5 .8 3 .0 .5 2

4 t h . day 5 .6 2 .1 .3 7

5 t h . day 6 .0 2 .0 .3 3

6 t h . day 6 .4 1 .2 .19

7 t h . day 5 .2 2 .4 .4 6

1 s t . day 4 . 9
■ - ■ ■ ■■ ■ """■i

4 . 5 .9 1

2 n d l day 4 . 6 4 . 8 1 .0 4

J a n .  1 5 -2 0 ,  1934 3 r d . day 5 .3 3 .9 .7 3

4  t h . day 5 .0 3 .1 .6 3

5 t h . day 5 .1 3 . 2 .6 4

1 s t . day 3 .1 3 .8 1 .2 4

2nd . cUy 3 . 2 4 . 4 1 .4 0

3 r d . day 3 .6 4 . 4 1 .2 0
F e b .  2 0 -2 5 ,  1934

4 t h . day 3 .4 3 .2 .9 5

5 t h . day 3 .3 2 .6 .78

6 t h . day 3 . 2 2 .8 .87
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T a b l e  25* S u g a r  c o n t e n t  o f  McCormick p o t a t o e s  a f t e r  d i f f e r e n t  s t o r a g e

t r e a t m e n t s •

S t o r a g e  : M o is tu r e
R e d u c in g  s u g a r s  

a s  d e x t r o s e
T o t a l  s u g a r s  

a s  i n v e r t
Time m Temp* w et w t . 1 d ry  w t . 

•
w et w t . d ry  w t.

O r i g i n a l  sample
p e r  c e n t  

7 7 .2 5
p e r  c e n t  j 

.98
p e r  c e n t  

4 .3 2
p e r  c e n t

1 .3 1
p e r  c e n t  

5 .7 5

N ov. 2 1 -D e c .  11
22°  C 

1 .5 0  0

7 5 .8 0

7 8 .9 5

.6 0

1 .5 3

3 .3 1

7 .2 8

1 .2 6

1 .9 7

5 .2 0

9 .3 5

N ov. 2 1 - J a n .  8
220 c

1 .5 0  C

7 5 .7 7

7 6 .4 0

■

.3 5  *

1 .8 6

1 .4 6

7 .8 7

.68

2 .3 9

2 .8 1

1 0 .1 1

N ov. 2 1 - J a n .  15 6 .5 0  C 7 7 .1 7 1 .0 1 4 .4 4 1 .2 0 5 .2 6

N ov . 2 1 - J a n .  22

Boom
a i r

Room
sa w d u s t

7 6 .0 3

7 7 .7 5

.4 5

.6 2

1 .8 8

2 .7 7

.68

.86

2 .8 2

3 .8 6

N ov. 2 1 -F e b .  5
i

220 C 

1 .5 0  C

7 5 .3 3

7 5 .5 5

.19

1 .5 6

.7 5

6 .3 8

.3 7

2 .2 2

1 .5 0

9 .0 9

N ov. 2 1 - J a n .  8 
J a n .  8 - F e b .  5

Room a i r
.2 2 °  C 
• 7 6 .3 8 .29 1 .2 4 .48 2 .0 3

N ov. 2 1 -F e b .  12 6 .5 0  c 7 6 .3 9 .7 5 3 .1 9 .90 3 .8 2

N ov. 2 1 -F e b .  19

Room
a i r

Room
sa w d u s t

7 6 .6 7

8 1 .0 2

.2 4  

• 66

1 .0 1

3 .4 9

.4 2

.84

1 .8 1

4 .4 1

N ov. 21 -M ar. 12 6 .5 0  c 7 5 .4 8
.....................—i

.51
----------------------------------------------

2 .1 0
----------------------------------------------

.68
-----------------------------------------------

2 .7 7

D i s c u s s i o n

The r e s u l t s  o f  t h e  above e x p e r im e n t s  show t h a t  a  p e r i o d  o f  c o l d  s t o r a g e  

r e s u l t s  i n  a n  i n i t i a l  i n c r e a s e  i n  th e  s u b s e q u e n t  r e s p i r a t i o n  a t  a  h i g h e r  

t e m p e r a t u r e .  I t  i s  c l e a r l y  e v i d e n t  t h a t  t h i s  i n i t i a l  i n c r e a s e  i s  more
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p r o  n o u n c e d  i n  t h e  a e r o b i c  p h a s e  t h a n  i n  t h e  a n a e r o b i c  p h a s e  o f  r e s p i r a t i o n *  

A l l  v a r i e t i e s  u s e d  show a  l a r g e  i n i t i a l  i n c r e a s e  i n  r e s p i r a t i o n  a f t e r  

s t o r a g e  a t  2 -  3°  C . (3 6 -5 8 0  T*.) .  A p e r i o d  o f  21 d ay s  was n o t  lo n g  enough 

t o  c a u s e  much s t i m u l u s  i n  I r i s h  C o b b le r  t u b e r s *

The t u b e r s  s t o r e d  a t  a b o u t  6*5° c* (4 0 —4 5 °  1?.) showed some i n i t i a l  

i n c r e a s e  i n  r e s p i r a t i o n  when ch an g e d  t o  a  warm te m p e r a tu r e *

T h e re  seems t o  b e  a  c o r r e l a t i o n  b e tw e e n  th e  s u g a r  c o n t e n t^  an d  t h e  

r e s p i r a t o r y  r e s p o n s e  t o  c o l d  s to r a g e *  I t  i s  shown i n  t a b l e  25 t h a t  t h e  

g r e a t e s t  i n c r e a s e  i n  s u g a r  c o n t e n t  o c c u r r e d  a t  t h e  lo w e s t  t e m p e r a t u r e  u s e d ,

2 -  3°  C, an d  t h a t  a  s m a l l e r  i n c r e a s e  d e v e lo p e d  a t  6 . 5 °  C . Fo d ev e lo p m en t  

o f  a  d e p r e s s a n t  a s  m e n t io n e d  b y  B a r k e r  (1933) was n o t i c e d *  I n  t h e  s i x  days  

t h a t  t h e  e x p e r im e n t s  e n d u re d ,  t h e  r e s p i r a t i o n  o f  c o l d  s t o r e d  l o t s  d i d  n o t  

d e c r e a s e  t o  t h a t  o f  u n s t o r e d  c o n t r o l s ,  w here  B a r k e r  found  a  d e c r e a s e  t o  a  

r a t e  b e lo w  t h a t  o f  no rm al t u b e r s .

W hile  n o t  shown d i r e c t l y  i n  any t a b l e  o r  f i g u r e ,  i t  i s  o f  i n t e r e s t  t o  

s u b t r a c t  t h e  v a l u e s  f o r  t h e  a n a e r o b i c  r e s p i r a t i o n  from  th o s e  f o r  t h e  a e r o b i c .  

When t h e s e  d i f f e r e n c e s  a r e  p l o t t e d ,  t h e  c u rv e  shows a n  i n i t i a l  i n c r e a s e .

T h i s  o f f e r s  m ost p o s i t i v e  e v id e n c e  t h a t  t h e  i n i t i a l  i n c r e a s e  i n  r e s p i r a t i o n  

i s  a c t u a l l y  due  t o  o x i d a t i o n  p r o c e s s e s ,  and  n o t  a lo n e  t o  l i b e r a t i o n  o f  c a rb o n  

d i o x i d e  p h y s i c a l l y  bound* I f  t h e  l a t t e r  c o n d i t i o n  w ere t h e  c a s e ,  s i m i l a r  

am ounts  o f  c a rb o n  d i o x i d e  w ould  b e  l i b e r a t e d  i n  b o t h  a e r o b i c  and a n a e r o b ic  

s a m p le s ,  an d  t h e  d i f f e r e n c e  i n  t h e  amount o f  c a rb o n  d i o x i d e  p ro d u c e d  w ould  

r e m a in  a lm o s t  c o n s t a n t *

The s i g n i f i c a n t  r e s u l t  o f  t h e  e x p e r im e n t  i s  t h e  f a c t  t h a t  i n  p o t a t o e s  

t h e  a n a e r o b i c  p h a s e  o f  r e s p i r a t i o n  does  n o t  show a s  d e f i n i t e  i n i t i a l  i n c r e a s e  

a f t e r  c o l d  s t o r a g e  a s  d o es  t h e  a e r o b i c .
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I n  e x p e r im e n t  8 ,  ( t a b .  2 4 ) ,  i t  i s  shown t h a t  t h e  a n a e r o b i c  r e s p i r a t i o n  

r a t e s  o f  t u b e r s  a t  low t e m p e r a t u r e s  i n c r e a s e s  a f t e r  a  p e r i o d  o f  s t o r a g e .  

S am p les  w ere  s t o r e d  s e v e r a l  weeks a t  2° G. an d  t h e  r e s p i r a t i o n  r a t e s  

d e t e r m in e d  a t  t h e  same t e m p e r a t u r e .  The r a t e  o f  a e r o b i c  r e s p i r a t i o n  d e c r e a s e d  

s t e a d i l y  f o r  s e v e r a l  w eek s .  The a n a e r o b i c  r e s p i r a t i o n  d e c r e a s e d  to  a  v e r y  

low  r a t e  a t  t h e  end  o f  t h e  f i r s t  week o f  c o l d  s t o r a g e ,  b u t  a f t e r  s e v e r a l  

w eek s ,  i t  was g r e a t e r ,  and  t h e  i/lT  v a l u e s  a b o u t  t h e  same a s  f o r  sam p les  

s t o r e d  a t  warm t e m p e r a t u r e .
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R e s p i r a t i o n  a t  h i g h  an d  low  t e m p e r a t u r e s

P r e v i o u s  e x p e r im e n t s  i n d i c a t e d  t h a t  t h e  i / N  v a l u e s  w ere n o t  t h e  same 

f o r  p o t a t o e s  r e s p i r i n g  a t  d i f f e r e n t  t e m p e r a t u r e s .  The f o l l o w i n g  e x p e r im e n ts  

w ere  p l a n n e d  t o  g iv e  more d e f i n i t e  d a t a  on  t h i s  p o i n t .

E x p e r im e n t  1 . —  R u s s e t  B u rb an k  t u b e r s ,  p u r c h a s e d  O c to b e r  29, 1932 , w ere 

u s e d  f o r  t h i s  e x p e r i m e n t .  The sam p le s  c o n s i s t e d  o f  n in e  t u b e r s  ea c h  and  

w e ig h ed  from 1518 to  1589 g ra m s .  R e s p i r a t i o n  t e s t s  w ere  made a t  2 2 i: •2 °  C. 

a n d  a t  2 . 5 - ± .5 °  0 .  The r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  26 .

T a b le  2 6 .  R e s p i r a t i o n  r a t e s  o f  R u s s e t  B u rb an k  p o t a t o  t u b e r s  a t  h ig h  an d

low  t e m p e r a t u r e s .

R e s p i r a t i o n
p e r i o d

C arb o n  d i o x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o  o f  t u b e r s
a t  22° C. a t  2 , 5 i  .5 0  C.

a e r o b i c a n a e r o b i c i / n a e r o b i c a n a e r o b i c i / n
mg. mg. mg. mg.

1 s t .  day 1 0 .1 1 1 .0 1 .0 8 3 . 2 3 .2 1 .0 1

2 n d .  day 9 .9 8 .9 .9 0 2 .9 2 . 7 .9 3

3 r d .  day 9 . 4 6 .5 .7 0 2 .6 2 .3

COCO.

4 t h .  day 8 .8 ( 7 . 1 ) 1 ( .8 1 ) 2 .9 1 .9 • 66

5 t h .  day 8 . 4 ( 9 .5 ) ( 1 .1 3 ) 3 .1 1 .9 .6 2

6 t h .  day 8 . 6 (1-1.9) ( 1 .3 9 ) 3 . 4 1 .8 .5 4

7 t h .  day 8 .0 (1 2 .8 ) (1 .5 9 ) 3 .5 1 .5 .4 4

* V a lu e s  i n  p a r e n t h e s e s  p r o b a b ly  abno rm al due to  i n j u r y  r e s u l t i n g  from 
a n a e r o b  i  o s i  s •

The t u b e r s  r u n  a n a e r o b i c a l l y  a t  22° C. h a d  a  s o u r  o d o r  a t  t h e  end  o f  

t h e  e x p e r i m e n t ,  b u t  showed no v i s i b l e  s i g n s  o f  i n j u r y .  Some i n j u r y  e v i d e n t l y  

o c c u r r e d  b e c a u s e  t h e  t u b e r s  w ere  k e p t  s e v e r a l  m onths and  n e v e r  r e c o v e r e d .

They form ed  few er  s p r o u t s ,  l o s t  more w e ig h t  a n d  h a d  d i s c o l o r e d  core t i s s u e
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i n  c o m p a r is o n  w i t h  t h e  n o rm a l  a e r o b i c  sample*

T h re e  s e r i e s  o f  I r i s h  C o b b le r  t u b e r s  w ere  t e s t e d .  B ach l o t  c o n s i s t e d  

o f  e i g h t  t u b e r s  an d  w e ig h ed  a b o u t  1000 g ra m s .

E x p e r im e n t  2 . —  T h re e  s e r i e s  o f  sam p le s  o f  I r i s h  C o b b le r  t u b e r s  w ere  u s e d  

i n  t h i s  e x p e r i m e n t ,  one im m e d ia te ly  a f t e r  t h e  p o t a t o e s  w ere h a r v e s t e d ,  t h e  

o t h e r s  a f t e r  54 and  96 day s  s t o r a g e  a t  room t e m p e r a t u r e .  The sam ples  c o n s i s t e d  

o f  8 t u b e r s  e a c h ;  t h e  sam p le s  o f  t h e  f i r s t  s e r i e s  w e ighed  a b o u t  1150 grams 

e a c h ;  t h o s e  o f  t h e  o t h e r  s e r i e s  w e ig h ed  a b o u t  850 g ra m s .  The r e s p i r a t i o n  

t e s t s  w ere  made a t  22 jfc.2° C. and  a t  2 . 5 * . 5 °  C . The p r e l i m i n a r y  p e r i o d s  

w ere  o f  a b o u t  18 h o u r s  d u r a t i o n .  The r e s u l t s  o f  t h i s  e x p e r im e n t  a r e  p r e s e n t e d  

i n  t a b l e  27, an d  i n  f i g u r e  5 .
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T a b le  2 7 .  R e s p i r a t i o n  o f  I r i s h .  G o b b le r  p o t a t o e s  a t  h ig h  and low t e m p e r a t u r e s  

_________a f t e r  s t o r a g e  a t  room t e m p e r a t u r e ,  mean a b o u t  18° G. (65° R . )

S t o r a g e
p e r i o d

C arb o n  d i o x i d e l i b e r a t e d  p e r  hour p e r  k i l o
xiBBjjiraiiioii

o e r i o d a t  22 ±  . 2 °  C i a t  2 .5 ° i£ .50 G.

a e r o b i c a n a e r o b i c i / u  : a e r o b i c  : a n a e r o b ic s i /w
d ay s

1 s t . day

mg.

1 2 .1

mg.

1 1 .1

; mg. : 

.9 2  : 4 . 6  i

mg.

4 . 0 : .8 6

2nd . day 1 1 .5 1 0 .1 .8 8  j 3 .9  | 2 .9 5 .7 4

3 r d . day 1 0 .5 9 .4 .9 0  | 4 . 2  ! 1 .9 I .4 4
0

4 t h . day 9 . 6 9 .5 1 .0 0  5 4 . 7  J 1 .5 ! . 3 30

5 t h . day 8 .9 7 .8 .8 7  ' 4 .9  j 1 . 3 S .27

6 t h .  

7 t h .

day

day

8 . 4

8 . 1

-----  ' 4 .6  |

-----  ! 4 .5  !

1 .2

1 .2

s *27 

- .2 6

1 s t . day 5 .0 6 .0 1 .2 0  s 1 .5  : 1 .2 .8 4

2nd . day 5 .0 3 . 5 .71  s 1 .5  : 1 .8 a . 22

3 r d . day 4 . 8 3 . 1 .6 4  ; 1 .4  s 1 . 4 : .9 7
54

4 t h . day 4 . 8 3 . 2 .6 5  : 2 .1  : 1 .2
*

: .6 1

5 t h . day 5 .0 3 . 3 .6 6  : 1 .9  : 1 .0 ; .5 4  
«

6 t h . day 4 . 6 3 . 5 .7 7  : 2 . 2  i .8 i .38

1 s t . day 6 .3 5 .2 • 81 * x *8 I 1 .5 “ .8 2

2nd . day 5 .7 3 .2 .5 6  * 2 .0  3 1 .7 ! .8 8

96 3 r d . day 6 .2 2 .7 .4 3  ‘ 2 .1  3 1 .3 J .6 4

4 t h . day 7 .1 2 .6 .3 6  |  2 .1  3 1 .2 .5 8

5 t h . day 7 .3 2 .5 .3 4  ; 2 .1  ' .8 : . 5 7
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Jixperimerrfc 3 . —— F o u r  sam p les  o f  McCormick p o t a t o e s  w ere u s e d  i n  t h i s  

e x p e r i m e n t .  T h ese  h a d  "been h a r v e s t e d  a b o u t  two w eeks , and  h ad  b e e n  s t o r e d  

a t  a b o u t  4 5 °  F .  (7 °  C .)  s i n c e  d ig g in g *  They w ere a t  room t e m p e r a t u r e  f o r  

t h r e e  d ay s  b e f o r e  t h e  t e s t  was b e g u n .  The r e s u l t s  a r e  g i v e n  i n  t a b l e  28 .

T a b le  2 8 .  R e s p i r a t i o n  r a t e s  o f  McCormick p o t a t o e s  a f t e r  two weeks c e l l a r

s t o r a g e  a f t e r  d i g g i n g .  Begun, November 20 , 1955*
C arbon  d i o x i d e l i b e r a t e d  p e r  h o u r  p e r  k i l o

p e r i o d a t 220 C. a t  2d: 1 .0 °  C
a e r o b i c  : a n a e r o b i c  s i / l f a e r o b i c a n a e r o b ic •

• i / e
mg. . mg. mg. mg’. *

1 s t . day 2 9 .8  j 1 6 .8 .5 6 7 .1 5 .7
«
•

*
•

.80

2 n d . day 2 3 .5  * 1 4 .6 .6 2 5 .3 4 . 1
*
•

♦ft .79

3 r d . day 2 0 .3  ! 1 2 .4
a e r o b i c

.61 5 .8 5 .0
♦*
*ft .5 2

4 t h . day 1 6 .7  ; 4 0 .8 — 5 .6  ‘ 2 .1 • .3 7

5 t h . day i 5 . i  ; 5 6 .7 ----- 6 .0 2 .0 0 t .33

6 t h . day 1 5 .3  ! 1 9 .8 ----- 6 .4 1 .2 .19

7 t h . day 1 2 .9  I 1 6 .3 ■
5 .1 2 .4 i

E x p e r im e n t  4 . —  The p u rp o s e  o f  t h i s  e x p e r im e n t  was t o  d e te rm in e  t h e  r e l a t i v e  

d e c r e a s e  i n  t h e  i / E  v a l u e  o f  p o t a t o e s  a f t e r  s t o r a g e  a t  a l t e r n a t e l y  h i g h  

an d  low  t e m p e r a t u r e .  F o r  t h i s  p u r p o s e ,  f o u r  sam ples  o f  McCormick p o t a t o e s  

w ere  u s e d .  The sam ples  w ere d i v i d e d  i n t o  two l o t s ;  b o th  sam p les  i n  a  l o t  

r e c e i v e d  i d e n t i c a l  t r e a t m e n t  i n  r e g a r d  to  t e m p e r a t u r e ,  b u t  one sam ple  was 

u s e d  to  d e t e r m in e  t h e  a e r o b i c  r e s p i r a t i o n ,  th e  o t h e r  t h e  a n a e r o b i c .  Each 

sam p le  c o n s i s t e d  o f  e i g h t  t u b e r s  and  w eighed  a b o u t  900 g ra m s .

The sam p le s  w ere s e l e c t e d  a b o u t  two weeks a f t e r  t h e  t u b e r s  were
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h a r v e s t e d .  One l o t  was s t o r e d  i n  a i r  s e v e n  weeks a t  1 .5  ±. . 5 °  0 . ;  t h e

two s a m p le s  w ere  t h e n  t r a n s f e r r e d  to  a  t e m p e r a t u r e  o f  22 -£ .5 °  C. and

t h e  a e r o b i c  and  a n a e r o b i c  r e s p i r a t i o n  d e t e r m in e d  f o r  s i x  d a y s .  The 

a n a e r o b i c  s am p le s  was c o n t in u e d  f o r  o n ly  f o u r  days  t o  p r e v e n t  s e r i o u s  

i n j u r y  due  t o  a n a e r o b i o s i s .  B o th  sam p le s  w ere t h e n  s t o r e d  i n  a i r  a t  

22°  G. f o r  a n  a d d i t i o n a l  f o u r  w eeks , m ak ing  a  t o t a l  o f  f i v e  weeks a t  22° C. 

The sa m p le s  w ere  t h e n  t r a n s f e r r e d  t o  t h e  t e m p e r a t u r e  o f  1 .5 °  0 .  and  t h e

a e r o b i c  an d  a n a e r o b i c  r e s p i r a t i o n  r a t e s  d e t e r m in e d  f o r  s i x  d a y s .  B o th

sa m p le s  we r e  t h e n  s t o r e d  t h r e e  weeks i n  a i r  a t  1 .5 °  C . ,  t h e n  t r a n s f e r r e d  

t o  a  t e m p e r a t u r e  o f  22°  C. and  t h e  r e s p i r a t i o n  r a t e s  d e t e r m in e d  f o r  f i v e  

d a y s ;  t h e  a n a e r o b i c  sam ple  v/as r u n  f o u r  d a y s ,  th e n  changed  t o  a i r  f o r  t h e  

l a s t  d a y .

The o t h e r  l o t  was r u n  c o n c u r r e n t l y  w i th  t h e  f i r s t ,  b u t  k e p t  a t  t h e  

o p p o s i t e  t e m p e r a t u r e  t h r o u g h o u t .  I t  was f i r s t  s t o r e d  a t  22° C . ,  t h e n  

t r a n s f e r r e d  to  1 . 5 °  G. and  t h e  r e s p i r a t i o n  d e t e r m in e d .  A f t e r  a  t o t a l  o f  

f i v e  weeks a t  1 .5 °  C . ,  t h e  sam p les  w ere t r a n s f e r r e d  t o  22°* 0 .  and  t h e  

r e s p i r a t i o n  r a t e s  d e t e r m in e d .  A f t e r  a  t o t a l  o f  f o u r  weeks a t  22° C . ,  t h e  

sa m p le s  w ere  a g a i n  p l a c e d  a t  1 . 5 °  C. an d  t h e  r e s p i r a t i o n  m e a s u re d .

The McCormick p o t a t o e s  ( t a b .  29) w h ich  h a d  b e e n  a t  22° C. from J a n u a ry  8 

t o  F e b r u a r y  12 w ere s p r o u t i n g  and  t h e  i / u  v a l u e  was h i g h .  The same was 

t r u e  o f  t h e  p o t a t o e s  k e p t  a t  22° C. from  F e b ru a ry  12 t o  M arch  1 2 .  The 

t u b e r s  w h ich  h a d  b e e n  k e p t  a t  1 .5 °  C. from  F e b ru a ry  12 t o  M arch  12 h a d  th e  

s p r o u t s  w h ich  h a d  b e g u n  t o  d e v e lo p  a t  t h e  p r e v i o u s  h i g h  t e m p e r a t u r e ,  b u t  

t h e  s p r o u t s  w ere  n o t  a c t i v e l y  g ro w in g  and  th e  i n i t i a l  i / n  v a l u e s  a r e  n o t  

l a r g e .  The d a t a  f o r  t h i s  e x p e r im e n t  a r e  p r e s e n t e d  i n  t a b l e  29 .



T a b le  2 9 . R e s p i r a t i o n  o f  M cCormick p o ta to e s  a f t e r  a l t e r n a t e  p e r io d s  o f  

warm and c o ld  s to r a g e

Time C arbon  d io x id e l i b e r a t e d  p e r  b o u r  p e r  k i l o

F o v . 2 0 - J a n .  8 S to r a g e  a t  22° C. S to ra g e  a t  1*5° C .

R e s p i r a t i o n  a t  1 .5 ° G. R e s p i r a t i o n  a t  22° C.

a e r o b ic  : a n a e r o b ic  : 
mg. mg.

i / f a e r o b ic  ; a n a e ro b ic  s i / F

J a n .  9 1 .6  : 1 .4  2 
• :

CO• 3 2 .0  s 2 3 .1  5 .7 2

Ja n *  10 2 .2  2 1 .9  5 • #■ . CD 3 7 .4  ! 2 4 .0  s .6 4

11 2 .3  5 1 .8
* %

.7 6 3 1 .0  | 2 1 .3  : .6 9

12 2 .2  : 1 .4  s ♦ .6 5 2 4 .7  J 2 0 .4  1 .8 3  
1 a e r o b ic  :

IS 2 .3  2 1 .1  : .48 1 7 .5  * 4 0 .1  ’ -----

14 2 .8  5 .8  * .31 1 4 .5  s 4 3 .2  s -----

J a n  1 4 -F e b . 12 a e r o b i c  s to r a g e  a t  1 .5 °  C
*

a e r o b ic  s to r a g e  a t  22° C.
R e s p i r a t i o n  a t  22° C. R e s p i r a t i o n  a t  1 .5 °  C.

a e r o b ic  s a n a e r o b ic  s i / f a e r o b ic  s a n a e r o b ic  : i /H

F e b . 13 2 0 .0  1 8 .8  ! • * .9 4 1 .7  ! 2 .5  J1 .4 4  • ♦

14 2 6 .0  I 2 1 .1  ! » * .8 1 1 .6  ‘ 2 .0  ; i . 2 8  * *

15 2 1 .3  ! 1 8 .4  * .86 1 .9  ! 1 .9  ; .9 7» 4! «

16 1 7 .5  5 1 5 .8  !« *
.9 0 2 .1  ; 1 .6  \ .7 7

17 . 1 3 .1  j 1 3 .7  ] 
’ a e r o b ic

1 .0 4 2 .1  j 1 .6  * .7 4

18 1 1 .9  ‘ 2 8 .1  ‘ —— 2 .3  I 1 .7  ‘ .7 5

F e b . 18-M ar. 12 a e r o b ic  s to r a g e  a t  22° C . a e r o b ic  s to r a g e  a t  1*5° C.

R e s p i r a t i o n  a t  1 .5 ° C. R e s p i r a t i o n  a t  22° C.
a e r o b ic  : a n a e r o b ic  : i / f a e r o b ic  s a n a e r o b ic  : i / f

M ar. 13
* *

2 .0  * 3 .0« • * •
1 .5 2

»  •
1 3 .9  * 1 3 .6  * .98  • •• ft

14 1 .9  I 2 .2  [ 1 .1 7 1 5 .2  ! 1 1 .3  2 .7 5ft •• •

15 2 .0  : 1 .8  ;
•  ft

.9 0 1 2 .9  ; 8 .7  ; .68ft *

16 1 .6  ! 1 .3  ! .8 1 1 0 .0  1 7 .7  ; .7 7  
* a e r o b ic  *

17 2 .2  1 .2 .5 5 9 .4  * 1 3 .3  * -----
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T ftiile  n o t  t h e  c a s e  i n  e v e ry  t e s t  r e p o r t e d ,  t h e r e  seem s to  "be a  te n d e n c y  

f o r  t h e  a n a e r o b ic  r e s p i r a t i o n  t o  d e c r e a s e  m ore r a p i d l y  th a n  th e  a e r o b ic  

when a t  lo w  te m p e r a tu r e .  The R u s s e t  B u rb an k  tu b e r s  ( t a b .  26) and  th e  

I r i s h  G o b b le r  t u b e r s  a f t e r  96 d ay s  s to r a g e  ( t a b .  27) do n o t  show t h i s  

e f f e c t  c l e a r l y .  The o th e r  I r i s h  C o b b le r  s a m p le s , and  th e  McCormick sam p les  

show  v e ry  p l a i n l y  th e  g r e a t e r  d e c r e a s e  i n  th e  r e s p i r a t i o n  o f  a n a e ro b ic  l o t s  

a t  low  te m p e r a t u r e s .  The g r e a t e r  r e l a t i v e  d e c r e a s e  i n  th e  a n a e r o b ic  

r e s p i r a t i o n  r e s u l t s  i n  lo w e r  i/lST v a lu e s  f o r  sam p les  ru n  a t  low  te m p e r a tu r e .

The th e o r y  t h a t  t h e  d e c re a s e  i n  a n a e r o b ic  r e s p i r a t i o n  i s  due to  th e  

t o x i c ,  o r  i n h i b i t o r y  a c t i o n  o f  th e  p r o d u c ts  o f  a n a e ro b ic  r e s p i r a t i o n  d oes  

n o t  s a t i s f a c t o r i l y  e x p l a in  th e  g r e a t e r  d e c r e a s e  i n  t h e  a n a e ro b ic  r e s p i r a t i o n  

a t  low  te m p e r a tu r e  b e c a u s e  t h e  p r o d u c ts  a r e  n o t  form ed i n  su ch  g r e a t  

q u a n t i t y  a t  t h e  lo w  te m p e r a tu r e s .
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O n io n s (A lliu m  c e p a  L . )

The o n io n s  u s e d  i n  t h i s  e x p e r im e n t w ere o f  t h e  y e l lo w  g lo b e  v a r i e t y ,  

an d  w ere  b o u g h t a t  th e  l o c a l  S a n i t a r y  G ro c e ry , A p r i l  16 , 19 3 2 .

L oose o u te r  s c a l e s  o f  t h e  b u lb s  w ere  rem oved, and fo u r  co m p arab le  

sa m p le s  o f  17 b u lb s  e a c h  w ere  s e le c te d *  The b u lb s  w ere s m a l l  i n  s i z e ;  

t h e  sa m p le s  w e ig h ed  from  645 to  744 grains e a c h .

Two sa m p le s  w ere  p la c e d  i n  th e  r e s p i r a t i o n  cham bers im m e d ia te ly , and 

th e  d e t e r m in a t io n  o f  th e  a e r o b ic  and  a n a e ro b ic  r e s p i r a t i o n  was b e g u n . The 

o th e r  sa m p le s  w ere  s t o r e d  f o r  18 d ays  a t  2 .2 °  C. (5 6 °  F . ) b e f o r e  b e g in n in g  

th e  d e t e r m in a t io n  o f  th e  r e s p i r a t i o n .

S am ples f o r  m o is tu r e  an d  s u g a r  d e t e r m in a t io n s  w ere  ta k e n  from  s m a l le r  

sa m p le s  o f  s i m i l a r  b u l b s .

The sa m p le s  s t o r e d  a t  2 .2 °  G. w ere a l lo w e d  a  p r e l im in a r y  p e r io d  o f  

t h r e e  h o u rs  to  come to  th e  te m p e ra tu r e  o f  t h e  r e s p i r a t i o n  ch am b ers; th e  

r e c o r d  on  th e  u n s to r e d  sam p les was b eg u n  a f t e r  a  p r e l im in a r y  p e r io d  o f  

one h o u r .

The a e r o b i c  sam p les  d e v e lo p e d  e x te n s iv e  r o o t s  and  new l e a f  g ro w th  

s t a r t e d .  O nly s m a l l  arecj.s o f  P e n i c i l l i u m  a p p e a re d ,  i n s u f f i c i e n t  to  make 

a  n o t i c e a b l e  e r r o r  i n  th e  r e s p i r a t i o n .  The r e s u l t s  a r e  p r e s e n te d  i n  

t a b l e  3 0 .
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T a b le  3 0 , R e s p i r a t i o n  r a t e s  o f  o n io n s  a t  22° 0 ,

Respiration 5 ^ a r ^ on  l i b e r a t e d  p e r  h o u r  p e r  k ilo g ra m  f r e s h  w e ig h t
p e r  io d B u lb s  n o t  s to r e d A f te r  s to r a g e  18 days a t  3 6 ° ? (2 .£

a e r o b ic a n a e ro b i c i / l l a e r o b ic a n a e ro b ic  : i / u
mg. rag. mg. mg. :

1 s t .  day 4 7 ,8 3 3 .1 .69 5 2 .8 2 8 .7  : .5 4

2 n d . day 4 2 .0 2 3 .4 .5 6 5 3 .6 2 1 .0  : .3 9

3 r d .  day 3 9 .3 2 0 .0 .51 4 8 .5 1 8 .0  s .3 7

4 t h .  day 3 7 .3 1 9 .3 ♦ 52 4 8 .2 1 6 .1  s .3 3
a e r o b ic

5 t h .  day s 3 8 .2 3 9 .7 ----- 4 7 .3 1 7 .5  : .3 7

6 t h .  day s 3 8 .4 4 9 .4 ----- 4 8 .2 1 8 .2  s .3 8

7 th *  day * 3 8 .1 4 9 .9 4 8 .6 1 9 .2  : .40
a e r o b ic  :

8 t h .  day * 3 5 .0 5 1 .4 — 4 6 .4 4 0 .0  : -----

9 t h .  day s 3 6 .8 1 4 9 .0 ----- i 4 5 ,4 5 6 .8  : -----

1 0 th .  day 3 3 6 .4 » 5 1 .3 ----- 4 5 .1 5 7 .1  : -----

1 1 th .  day 3 6 .2 5 0 .4 ----- 4 8 .6 6 2 .5  s -----

1 2 th .  day 3 6 .5 ' s 4 9 .6 ----- % 4 4 .8 s 5 8 .0  s -----

1 3 th .  day ------- ----- : 4 5 .7 t 6 1 .9  £ -----

T a b le  3 1 , M o is tu re  an d  s u g a r  a n a ly s e s  o f  o n io n s  b e f o r e  and  a f t e r  s to r a g e  

a t  360 F . ( 2 . 2 0  q . )

• R ed u c in g  s u g a r s  : T o ta l  s u g a r s
M o is tu re  a s  d e x t r o s e  a s  i n v e r t

Time Temp, f r e s h  w t. d ry  w t* f r e s h  w t.sdry w t.

0

p e r
c e n t

9 0 .1 7

p e r
c e n t

3 .9 6

p e r  : p e r
c e n t  5 c e n t

••

{40.80 : 5 .8 1

p e r
c e n t

5 9 .1 3

18 d ay s 2 .2 °  G. . 8 9 .9 6  
(3 6 °  F) s

4 .4 6
•

4 4 .4 1  s 7 .2 9
••

7 2 .6 6
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D isc u s  s io n

O n io n s i n c r e a s e  som ewhat i n  s u g a r  c o n te n t  d u r in g  c o ld  s to r a g e ,  th o u g h  

n o t  so  m a rk e d ly  a s  p o t a to e s  ( t a b .  2 5 ) .  The a e r o b ic  r e s p i r a t i o n  was s l i g h t l y  

s t i m u l a t e d  b y  th e  c o ld  s t o r a g e ,  b u t  t h i s  was n o t  t r u e  o f  th e  a n a e ro b ic  

r e s p i r a t i o n #  The i / F  v a lu e s  f o r  th e  two t e s t s  d i f f e r  f o r  t h i s  r e a s o n .

The r e s u l t s  o f  th e  f i r s t  d a y s ’ ru n  i n d i c a t e s  t h a t  th e  p r e l im in a r y  p e r io d s  

w ere  n o t  lo n g  enough  to  d i s p l a c e  a l l  t h e  f r e e  oxygen i n  th e  r e s p i r a t i o n  

cham bers an d  i n  th e  b u lb s ,  b e c a u s e  th e  a n a e r o b ic  r e s p i r a t i o n  r a t e  i s  much 

lo w e r  f o r  th e  se c o n d  day th a n  f o r  th e  f i r s t *  A l e s s  p ro b a b le  e x p la n a t io n  

f o r  th e  h ig h  a n a e r o b ic  r e s p i r a t i o n  d u r in g  th e  f i r s t  day i s  t h a t  th e  n i t r o g e n  

e x e r t e d  a  s t im u lu s .  The a n a e r o b ic  r e s p i r a t i o n  o f  th e  o n io n s  a f t e r  c o ld  

s to r a g e  b e g a n  to  i n c r e a s e  a f t e r  th e  f o u r t h  d a y ; t h i s  in c r e a s e  may i n d i c a t e  

some i n j u r y  o r  b reakdow n  o f  t i s s u e *

A l l  th e  sa m p le s  p ro d u c e d  b o th  l e a f  and  r o o t  g ro w th  by  th e  en d  o f  th e  

t e s t  p e r io d s  b u t  th e  a n a e r o b ic  sam p les  d id  n o t  show g ro w th  u n t i l  changed  

to  a i r *  A l i t t l e  b lu e  m old ( P e n ic i l l i u m )  a p p e a re d  u n d e r  a n a e r o b ic  c o n d i t i o n s .

Prom t h i s  e x p e r im e n t ,  th e  c o n c lu s io n  seem s w a r r a n te d  t h a t  a  p e r io d  

in  c o ld  s to r a g e  does n o t s t i m u l a t e  th e  a n a e r o b ic  r e s p i r a t i o n  o f  o n io n s  when 

rem oved  to  a  h ig h e r  te m p e ra tu re *
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T om atoes ( t y  c o p e rs  icon, e s c u le n tu m  L .)

The to m a to  f r u i t s  u s e d  i n  th e  fo l lo w in g  e x p e r im e n ts  w ere grow n by  

th e  D e p a rtm e n t o f  H o r t i c u l t u r e ,  and made a v a i l a b l e  f o r  t h i s  work th ro u g h  

th e  c o u r te s y  o f  D r .  C o rd n e r  and  M r. F r a z i e r .

E x p e r im e n t 1 . —  T h is  p r e l im in a r y  e x p e rim e n t was s t a r t e d  S ep tem b er 28, 1932 . 

G reen  f r u i t s  w ere  p ic k e d  a t  random  from  th e  p l o t  u s e d  by  M r. F r a z i e r  i n  

h i s  s t u d i e s  on  t h e  c r a c k in g  o f  f r u i t s .  The f r u i t s  w ere n o t  a l l  o f  th e  same 

v a r i e t y ,  b u t  th e y  w ere a l l  a t  a b o u t th e  same s ta g e  o f  r i p e n e s s .  They w ere 

o f  th e  l i g h t  g r e e n  c o l o r  w h ich  im m e d ia te ly  p re c e d e s  th e  p in k  s t a g e .  A ll  

o f  th e  f r u i t s  w ere  s m a l l ,  b e in g  th e  l a s t  o f  t h e  c ro p  a t  th e  end  o f  a  r a t h e r  

d ry  s e a s o n .  S am ples o f  f i f t e e n  f r u i t s  e a c h  w ere u s e d  f o r  th e  r e s p i r a t i o n  

t e s t s .  E ach  sam ple  c o n ta in e d  a p p ro x im a te ly  th e  same num ber o f  f r u i t s  o f  

e a c h  d i f f e r e n t  s i z e .  The w e ig h ts  o f  th e  sam p les  v a r i e d  from  1278 to  

1395 g ra m s .

The f r u i t s  w ere p ic k e d  e a r l y  i n  th e  m o rn in g  and p la c e d  i n  th e  r e s p i ­

r a t i o n  cham bers by  9 :0 0  A. M. C a r b o n - d io x id e - f r e e  a i r ,  o r  n i t r o g e n  was 

p a s s e d  r a p i d l y  th ro u g h  th e  cham bers u n t i l  1 0 :2 0  A. M. when th e  r e c o r d  was 

b e g u n . The r e s p i r a t i o n  te m p e r a tu r e s  w ere 22° C . an d  3 to  4 .5 °  C. The 

r e s u l t s  a r e  p r e s e n te d  i n  t a b l e  3 2 .
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T a b le  32* R e s p i r a t i o n  o f  g r e e n  tom ato  f r u i t s *

: C arb o n  d io x id e  l i b e r a t e d  p e r  h o u r  p e r  k ilo g ra m  f r e s h  w e ig h t
*----t  2£0C

noTr** r\rt : a t  3 t o  4 .5 °  C.
s a e r o b ic a n a e r o b ic i /N  : a e r o b ic  s a n a e ro b ic  s i/sT

; rag. mg. * rag. . mg. 5

1 s t .  day  ! 4 7 .2 4 8 .9 1 .0 4  ! 1 3 .6  ; 1 7 .9  ! 1 .3 1

2 n d . d ay  \ 4 4 .2 3 8 .0 .8 6  I 5 .7  I 1 0 .2  j 1 .7 8

3 r d .  d ay  : 5 0 .4 2 8 .8
* » »

.5 7  ! 7 .4  ! 9 .0  * 1 .2 1

4 t h .  d ay  % 6 1 .0 2 5 .4
« • •

.4 2  I 8 .5  ! 9 .2  I 1 .0 8» a
• »

5 t h .  day  . - __-  .
o * *

____ I 1 0 .4  J 8 .9  I .8 6
s

6 t h .  d ay  j ____ ------- ____  ! 1 1 .4  I 9 .4  I .8 3

7 t h .  d ay  ; ------- ____ . ! ____ * 1 1 .8  ’ 1 0 .0  J .8 4

s s C hanged to  22° C i

8 t h .  d ay  . ____ ------- I ____ * 5 5 .5  . 4 3 .7  . .7 9> j * ■>

9 t h .  day  ; ------- ------- 1 ____ ! 4 6 .3  I 2 9 .4  I .6 4

1 0 th .  day . ------- ------- I ____ ! 5 1 .0  ! 2 2 .6  ’ .4 4A ' J

1 1 th .  day  . ------- — — rmmr I _ _ _ ! 4 9 .2  1 2 0 .3  „ .4 1■*  ̂ *

A t th e  end  o f  f o u r  d a y s ,  t h r e e  o f  th e  f r u i t s  o f  th e  a e r o b ic  l o t  i n  

t a b l e  32 showed a  s l i g h t  g ro w th  o f  F u sa riu m  on th e  s u r f a c e *  (Pen f r u i t s  

h a d  d e v e lo p e d  a  p in k  o r  r e d  c o lo r*  I n  th e  a n a e r o b ic  l o t  two f r u i t s  showed 

a  l i t t l e  e x u d a te ,  p e rh a p s  due t o  b a c t e r i a l  a c t i o n ;  f o u r  h a d  d e v e lo p e d  a  

l i t t l e  p in k  c o l o r ;  a l l  h a d  a n  ab n o rm a l odor*

A t th e  end  o f  s e v e n  d ay s  a t  low  te m p e r a tu r e ,  o n ly  th e  a e r o b ic  l o t

show ed any c h a n g e , a  v e ry  s l i g h t  r i p e n i n g .  A f te r  rem o v a l to  22° G*, e i g h t

f r u i t s  o f  th e  a e r o b ic  l o t  tu r n e d  p in k .  F ou r f r u i t s  i n  th e  a n a e ro b ic  l o t

h a d  tu r n e d  f a i n t l y  p in k ,  b u t  t h e  c o l o r  was n o t  n o rm a l; th e  f r u i t s  w ere s o f t ,

an d  t h e i r  o d o r abnorm al.
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E x p e r im e n t 2 . —  Xn th e  summer o f  1955, " b e tte r  f r u i t s  w ere a v a i l a b l e  and. 

e x p e r im e n ts  w ere  c a r r i e d  o u t  on f r u i t s  a t  d i f f e r e n t  s ta g e s  o f  r i p e n e s s .

The f r u i t s  w ere o f  th e  Mar g lo b e  v a r i e t y .  They w ere grown on weed 

i n f e s t e d  s o i l  and  th e  f r u i t s  w ere sm a ll  f o r  th e  v a r i e t y .  E ach  r e s p i r a t i o n  

sam p le  c o n s i s t e d  o f  e i g h t  f r u i t s  and  w eighed  a b o u t 950 g ram s. I n  a l l  

c a s e s ,  t h e  f r u i t s  w ere  p ic k e d  a b o u t noon , c le a n e d  by  w ip in g  g e n t ly  w ith  

a  m o is t  c l o t h ,  s o r t e d ,  w e ig h ed  and  p la c e d  in  th e  r e s p i r a t i o n  cham bers 

a b o u t 3 s0 0  P .  M. The p r e l im in a r y  p e r io d  l a s t e d  a b o u t 18 h o u rs  b e f o r e  

th e  r e c o r d  was b e g u n .

P r u i t s  w ere  s tu d i e d  a t  t h r e e  s ta g e s  o f  r i p e n e s s ,  a p p ro x im a tin g  th e  

s t a g e s  shown i n  c o lo r  by  Sando (1 9 2 0 ) .  The g r e e n  f r u i t s  w ere u s u a l l y  

l i g h t  g r e e n  i n  c o l o r ,  j u s t  b e f o r e  th e  a p p e a ra n c e  o f  p in k ;  p in k  f r u i t s  

w ere  c o lo r e d  p in k  o v e r  a  p a r t  o f  th e  s u r f a c e ,  seldom  m ore th a n  h a l f ;  r e d  

r i p e  f r u i t s  w ere  c o m p le te ly  r e d ,  b u t  d id  n o t  show s ig n s  o f  s o f t e n i n g .

The a g e s  o f  th e  f r u i t s  w ere  n o t  known.

The warm te m p e r a tu r e  was 28° C* f o r  th e s e  e x p e r im e n ts ;  t h e  c o ld  

cham bers w ere n o t  so  a c c u r a t e l y  c o n t r o l l e d ,  b u t  v a r i e d  b e tw e e n  5 and  6° C . 

The r e s u l t s  a r e  g iv e n  i n  t a b l e s  3 3 , 34 , an d  55 and  shown i n  f i g u r e  6 .
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T a b le  33* R e s p i r a t i o n  o f  g r e e n  M arg lobe  to m a to  f r u i t s *  A ugust £5 -  

 __________ S ep tem b er 2 , 19336

R e s p i r a t i o n
C arbon  d io x id e
a t  28 0*2° C

l i b e r a t e d  p e r  h o u r  p e r  k i l o
a t  5 ,5  Jr ,5 °  C.

a e r o b ic  s a n a e r o b ic  : i/lT  : a e r o b ic a n a e ro b ic  : i /N
mg. : mg. : ; mg. mg. :

1 s t .  day
• %, »

5 0 .6  : 3 5 .1  : .6 9  : 4 .1
•

6 .8  s i .  68

2nd. day 5 3 .4  j 3 3 .8  ; .6 3  : 7 .5
•

6 .0  * .8 0

3 rd . day 4 7 .3  ; 3 1 .3  s .6 6  : 8 .7
«k

s 6 .5  » .7 5

4 th . day • 4 0 .8  - -------  --------  . 7 .9
» 4
j 5 .4  i .6 8

5 t h .  day
* * 4 
„ ------- , ------- --------  , 8 .0 s 5 .2  % .65

6 t h .  day s ------- s -------  i ----- j 8 .4 ; 5 .1  i .6 1

7 th ,  day . ------- 5 ------- 2 ----- , 8 .1 s 5 .1  s .6 2

T a b le  3 4 . R e s p i r a t i o n  o f  M arg lo b e  tom ato  f r u i t s  i n  th e  p in k  s t a g e .  

_____________ A u g u st 17 -  25 , 1935 .__________________________________________
C arbon  d io x id e  l i b e r a t e d  p e r  h o u r  p e r  k i l o

R e s p i r a t i o n
p e r io d a t 28 ±  .2 °  C . : a t  5 .5  .5 0  C.

a e r o b ic • a n a e r o b ic  s i / r ; a e r o b ic : a n a e ro b ic ; i /s r
mg. • mg. mg. : mg. *

1 s t .  day 6 0 .2
%
*• 3 0 . 8 '  : .5 1 1 0 .3

»
: 9 .9 s . 97

2nd • day 5 0 .0 * 2 1 .5 .4 3 i 1 0 .6
•
: 9 .2

•
: .87

3 r d .  day 4 0 .9
6

1 7 .4  s .4 3 s 1 1 .0 8 .1 s . 73

4 t h .  day 3 6 .7
*

1 8 .6  s .51
<>
5 1 1 .0 s 7 .6 • 69

5 th .  day 3 4 .0 % ------- . ----- : 9 .5 ; 6 .6 ,.7 0

3 th .  day — — - ------- s ----- i 9 .4 6 .2 ;.6 6

7 t h .  day ------- ------- ----- 9 .7 : 5 .6 :.5 8
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T a b le  35* R e s p i r a t i o n  o f  r e d  r i p e  M arg lo b e  to m ato  f r u i t s *  Aug* 1 1 -1 7 , 1931 .

R e s p i r a t i o n
C arb o n  d io x id e
a t  28 J :  0 .2 °  C

l i b e r a t e d  p e r  h o u r  p e r  k i l o
a t  5*5 dc *5° C

a e r o b i c  : a n a e ro b  i c : i /H  t a e r o b ic  : a n a e ro b ic  s i / n

m g. mg. mg. mg. .

1 s t .  day 5 0 .2 2 6 .6 ; . 5 3 7 .4 5 .4 .7 3

2 n d . day 4 2 .0 2 2 .3 ; . 5 3 8 .6 6 .2 .7 2

3 r d .  day 3 7 .8 1 6 .3 i *43 8 .5 5 .7 .6 7

4 t h .  day 3 5 .3 ►
J ----- 8 .2 5 .1 .6 2

5 t h .  day i
• 1 ----- 8 .5

i
5 .3 .6 2

D is c u s s io n

The f r u i t s  w ere k e p t  u n d e r  a n a e r o b ic  c o n d i t io n s  a t  28° C* u n t i l  

b reak d o w n  o f  t i s s u e  o c c u r r e d ,  w h ich  came w ith  s u r p r i s i n g  su d d en n ess*  

B re a k s  i n  t h e  t a b l e s  a r e  due to  th e  d i s c a r d  o f  sam p les  show ing i n j u r y .

The r e s u l t s  o f  th e  f i r s t  t h r e e  d ay s  o f  2Q° C . a r e  c o n s id e r e d  r e l i a b l e ;  

i n  t h e  c o ld  th e  f r u i t s  h e ld  u p  b e t t e r ,  an d  th e  d a t a  p r e s e n te d  i s  th o u g h t 

to  g iv e  a  t r u e  e s t i m a t e  o f  t h e  r e s p i r a t i o n  th ro u g h o u t  th e  e n t i r e  p e r io d  

a t  t h e  low  te m p e ra tu re *

Hone o f  t h e  M arg lo b e  f r u i t s  d e v e lo p e d  any r e d  p ig m en t i n  th e  a b se n c e

o f  o x y g en .

The a e r o b ic  r e s p i r a t i o n  r a t e s  o f  th e  f r u i t s  u s e d  i n  t h i s  e x p e r im e n ts  

a r e  a b o u t th e  same a s  G u s ta f s o n  r e p o r t e d  (1 9 2 9 ) .  The f r u i t s  i n  th e  p in k  

s ta g e  h a d  th e  h ig h e s t  a e r o b ic  r e s p i r a t i o n .  The r e s p i r a t i o n  d e c r e a s e d  

s h a r p ly  a s  th e  f r u i t s  r ip e n e d  f u r t h e r .
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The g r e e n  f r u i t s  h a d  th e  h ig h e s t  a n a e r o b ic  r e s p i r a t i o n  a t  th e  warm 

te m p e r a tu r e ,  "both in  a c t u a l  q u a n t i t y  o f  c a rb o n  d io x id e  l i b e r a t e d ,  and i n  

p r o p o r t i o n  to  th e  a e r o b ic  r e s p i r a t i o n .

The f r u i t s  i n  th e  p in k  s ta g e  p ro d u c e d  m ore c a rb o n  d io x id e  a t  low 

te m p e r a tu r e  th a n  f r u i t s  a t  o th e r  s t a g e s ,  b o th  u n d e r  a e r o b ic  and a n a e ro b ic  

c o n d i t i o n s .

The i / f t  v a lu e s  w ere a b o u t th e  same f o r  a l l  s t a g e s ,  b u t  w ere c o n s i s t e n t l y  

h ig h e r  a t  th e  low  te m p e r a tu r e  th a n  a t  t h e  h ig h  te m p e r a tu r e .  T h is  may b e  due 

t o  t h e  t o x i c ,  o r  i n h i b i t o r y ,  e f f e c t  o f  th e  p r o d u c ts  o f  th e  a n a e ro b ic  

r e s p i r a t i o n  w h ich  a c c u m u la te  m ore r a p id l y  a t  th e  h ig h e r  te m p e r a tu r e ,  o r  

i t  may b e  due to  th e  low  e n e rg y  r e l e a s e  o f  th e  a n a e r o b ic  p r o c e s s e s .



C a r r o t s  (D aucus c a r o t a  i. *)

The e x p e r im e n ts  w ith, c a r r o t s ,  and  p a r s n ip s ,  w ere d e s ig n e d  to  e x te n d  th e  

s t u d i e s  o f  S m ith  (1929 ) who d e te rm in e d  th e  a e r o h ic  r e s p i r a t i o n  o f  a  number 

o f  v e g e t a b l e s  a f t e r  a- p e r io d  o f  c o ld  s to ra g e *

M a t e r i a l * -— The c a r r o t s  w ere p u rc h a s e d  a s  n e e d e d  from  th e  l o c a l  g r o c e r ie s *  

They w ere  a lw ay s  i n  good  c o n d i t io n  w ith  th e  to p s  s t i l l  g r e e n ,  b u t  w ere by  

no m eans f r e s h l y  h a rv e s te d *  The to p s  ( l e a v e s )  w ere c u t  o f f  a b o u t o n e -  

f o u r t h  in c h  above  th e  crow n b e f o r e  u s in g *  S in c e  th e  r o o t s  v a r i e d  i n  s i z e  

and  s h a p e , sam p le s  w ere  s o r t e d  c a r e f u l l y  to  e l im in a te  d i f f e r e n c e s  a s  n e a r ly  

a s  p o s s ib le *

E x p e r im a n t 1 * —  The sam p le s  f o r  t h i s  e x p e r im e n t c o n s i s t e d  o f  10 r o o t s  e a c h , 

an d  w e ig h ed  from  773*5 to  785*0 gram s each* C u t s u r f a c e s  w ere d ip p e d  i n  

1 :1 0 0 0  m e rc u r ic  c h l o r i d e  s o l u t i o n  f o r  p a r t i a l  s t e r i l i z a t i o n *  The p r e l im in a r y  

p e r i o d  was o f  16 h o u rs  d u r a t i o n .  The r e s u l t s  a r e  p r e s e n te d  i n  t a b l e  36*

T a b le  36*—- R e s p ir a t io n  o f  c a r r o t s *  Begun May 1 , 1935*_________________________
C arb o n  d io x id e l i b e r a t e d  p e r  h o u r p e r  k i l o

.R e s p i r a t io n
p e r io d

a t 22 -  250 o,1 a t  3 -  4 °  C.
a e r o b ic  : a n a e r o b ic __i / i  . a e r o b ic a n a e ro b ic i / n

"mg'. 1 " nig. ta g . mg.

1 s t* day 5 3 .2 6 0 .2 1 .1 3 1 4 .6 1 5 .3 1 .0 5

2nd* day 5 0 .5  5 6 0 .7 1 .2 0 1 3 .8 1 3 .3 .9 7

3rd* day *5 4 .9  * 6 0 .4 (1 .1 1 ) 1 3 .4 1 3 .6 1*01

4 th * day ------ ; ------- ------- 1 3 .7 1 3 .1 *96

5 th . day ------- . ------- ------- 1 2 .8 1 2 .2 * .9 5

6 th .  

7 t h .

day

day

— —  t 1 1 .8  

1 0 .4  j

1 2 .0
a e r o b ic

1 4 .0

1 .0 1

* M old s t a r t i n g .
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The c a r r o t s  i n  t h i s  e x p e r im e n t showed v e ry  h ig h  a n a e ro h ic  r e s p i r a t i o n  

an d  s in c e  t h e  te m p e ra tu r e  o f  th e  warm h a t h  f l u c t u a t e d  w id e ly  due to  h ig h

te m p e r a tu r e ,  t h e  e x p e r im e n t was r e p e a te d ,  w i th  th e  warm h a th  s e t  

a t  280 c .

E x p e r im e n t 2 . —  The r e s p i r a t i o n  sam p les  o f  th e  seco n d  e x p e r im e n t c o n s i s t e d  

o f  tw e lv e  r o o t s  e a c h  and  w eig h ed  from  569*5 to  581*5 gram s* A s i m i l a r  

c o l l a t e r a l  l o t  was a n a ly s e d  f o r  s u g a r s  and  m o i s tu r e s ,  fo l lo w in g  th e  p ro c e d u re  

a l r e a d y  d e s c r ib e d *  A t t h e  en d  o f  s i x  d ay s  th e  s u g a r  and  m o is tu r e  sam p les  

w ere  ta k e n  from  th e  r e s p i r a t i o n  sam p les  r u n  a t  280  c .  The r e s p i r a t i o n  d a ta  

i s  p r e s e n t e d  i n  t a h l e  3 7 ; t h e  s u g a r  an d  m o is tu r e  p e r c e n ta g e s  i n  t a h l e  38*

T a b le  3 7 . R e s p i r a t i o n  o f  c a r r o t s *  B egun May 9 , 1933*

R e s p i r a t i o n
C arb o n  d io x id e  l i b e r a t e d  p e r  h o u r  p e r  k i l o

a t  28 dr *2° C* a t  3 -  40 C .p e r 1 0a
a e r o b ic a n a e r o b ic l/lT  : a e r o b ic a n a e ro b ic i / n

mg. mg. nig.* mg.

1 s t .  day 68 *2 1 0 5 .5 1 .5 4  : 1 4 .1  * t 1 2 .5 .8 9

2nd* day 60*6 1 0 5 .1 1 .7 4  : 1 2 .2  * m 1 1 .0 .9 0

3 rd *  day 52*6 1 0 0 .8 1 .9 2  ; 1 2 .3 1 0 .0 .8 2

4 th *  day 5 1 .3 1 0 2 .2 1 .9 9  ; 1 2 .40
1 1 .1  J; .90

5 t h .  day 4 6 .4 105 .9*1 ( 2 . 2 9 ) J 1 3 .3 1 1 .6 .8 7

6 t h .  day 4 0 .0 114 .3* -------  1 1 1 .8 1 1 .9 1 .0 0

* N o t ic e a b le  b a c t e r i a l  g ro w th , b u t  n o t  e x te n s iv e
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T a b le  5 8 . S u g a r  an d  m o is tu r e  c o n te n t  o f  c a r r o t s ,  b e f o r e  and a f t e r  r e s p i r a t i o n *
**

S to r a g e  : __ . .
M o is tu re••

R ed u c in g  s u g a rs  
a s  d e x t ro s e

T o ta l  s u g a rs  
a s  i n v e r t

P e r io d  s Temp, t Atm. w et w t .  s' d ry  w t• w et w t. : d ry  w t.
p e r  c e n ts s :

p e r  c e n t  s p e r  c e n t  »A p e r  -oen t . . p e r  c e n t .

0 : ------- : ---------  : 8 7 .1 1
•  » •• *

3 .5 6  j 2 7 .6 5  
•

7 .2 9  ; 56 .5 8

6 d a y s  : 28° C . ! & ir : 8 7 *95 3 .1 0  ; 2 5 .7 7 6 .5 0  ; 53 .9 8

s : \ 8 9 .7 1 3 .0 7  * 29 .7 9 : 4 .2 3  J 4 1 .0 8

Ebqperim ent 5 . —  A t h i r d  s e r i e s  o f  sam p les was r a n  l a t e r  to  check  p re v io u s  

w o rk . The sam p les  c o n s i s t e d  o f  e i g h t  r o o t s  e a c h  and  w eighed  from  486 -  496 

g ram s e a c h .  A l l  w ere d ip p e d  f o r  3 m in u te s  in  50 p e r  c e n t  a l c o h o l ,  th e n  

r i n s e d ,  b e f o r e  p la c e d  i n  ch am b ers . A p re v io u s  t e s t  h ad  shown t h a t  t h i s  

t r e a tm e n t  d id  n o t  n o t i c e a b l y  a f f e c t  th e  r e s p i r a t i o n  r a t e .  S u g ar and 

m o is tu r e  sa m p le s  w ere t a k e n  from  a  c o l l a t e r a l  sam ple a t  th e  b e g in n in g  o f  

th e  e x p e r im e n t ,  and  from  b o th  th e  a e r o b ic  and  a n a e ro b ic  sam p les  a t  th e  end 

o f  th e  r e s p i r a t i o n  t e s t *  The t e s t  was ru n  5 d ay s  and  18 h o u r s ;  th e  warm 

te m p e r a tu r e  was 28° 0 .  and  th e  c o ld  3 ±  .5 °  C* The p r e l im in a r y  p e r io d  

l a s t e d  18 h o u r s .  The r e s u l t s  a r e  p r e s e n te d  i n  t a b l e  3 9 , and  shown i n  

f i g u r e  7 .  The s u g a r  and  m o is tu r e  p e r c e n ta g e s  a r e  g iv e n  i n  t a b l e  4 0 .

T a b le .  3 9 . R e s p i r a t i o n  o f  c a r r o t s  a t  h ig h  and  low  te m p e r a tu r e s .  
______________ B egun, S ep te m b er 19 , 1 935 .__________  "

C arb o n  d io x id e  l i b e r a t e d  p e r  h o u r  p e r  k i l o
R e s p i r a t i o n

p e r io d
a t  28 ±  . 3 ^  C . a t  3 *  . 5 0  C.

a e r o b ic  : a n a e ro b ic 1/lJ a e r o b ic a n a e ro b ic I/N
mg. mg. mg. mg.

1 s t .  day 6 5 .6 9 8 .7 1 .5 0 12 .8 1 3 .7 1 .0 7

2 n d . day 5 7 .4 9 2 .7 1 .6 2 1 1 .0 1 2 .3 1 .1 2

3 r d .  day 5 5 .7 9 0 .6 1 .6 3 9 .9 1 0 .8 1 .0 9

4 t h .  day 4 9 .7 86*4 1 .7 4 9 .1 1 0 .6 1 .1 7

5 t h .  day 4 8 .0 8 9 .3 1 .8 6 9 .8 1 1 .4 1 .1 5
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T h e re  was no m old grow th, on  any sam ple  a t  th e  c o n c lu s io n  o f  t h i s  t e s t *  

‘The a e r o b i c  sam p le  a t  28o C* showed a  l i t t l e  g ro w th  o f  le a v e s  a t  th e  crov/n 

h u t  t h e r e  was no g ro w th  on th e  a n a e ro b ic  sam ple*

T a b le  40* S u g a r an d  m o is tu r e  c o n te n t  o f  c a r r o t s  u s e d  i n  r e s p i r a t i o n  t e s t ,

S ep te m b er 19 , 1955*

S to ra g e
*•

M o is tu re  8
R ed u c in g  s u g a r s  : 

a s  d e x t ro s e  :
T o ta l  s u g a rs  

a s  i n v e r t
P e r io d Temp* s Atm* *• « w et w t. d ry  w t.  t w et w t. d ry  w t.

0 ------------ -------

p e r  c e n ts  

88*83

p e r  c e n t  

2 .2 7

p e r  c e n ts  

2 0 .3 7  ;

p e r  c e n t  

6 .1 1

p e r  c e n t 

5 4 .6 6

5 d ay s 28° G . :
a i r

H2

88*93

9 1 .4 1

2 .2 5

1 .5 9

2 0 .3 4  ‘ 

1 8 .5 3  \

6 .0 8

3 .4 6

5 4 .9 4

4 0 .2 7

E x p e rim e n t 4 * —  The p u rp o s e  o f  t h i s  e x p e r im e n t was to  t e s t  th e  e f f e c t  o f  

e t h y l  b ro m id e  t r e a tm e n t  on  th e  r e s p i r a t i o n  o f  c a r r o t s *

A l l  f o u r  sam p les  w ere  p la c e d  i n  a  12 l i t e r  d e s i c c a t o r ,  and  5 cc* o f  

e t h y l  b ro m id e  a l lo w e d  to  e v a p o ra te  from  c o t to n  a t  th e  to p  o f  th e  c o n ta in e r*  

A f te r  two h o u rs  e x p o s u re ,  t h e  sam p les  w ere rem oved to  th e  r e s p i r a t i o n  

cham bers a s  q u ic k ly  a s  p o s s ib le *

The sam p le s  c o n s i s t e d  o f  t e n  c a r r o t s  e a c h  and  w eighed  from  563 to  

568 gram s* The p r e l im in a r y  p e r io d  was 16 h o u r s .  T h ere  w ere no u n t r e a t e d  

c o n t r o l s  b u t  c o m p a riso n  s h o u ld  b e  made w i th  u n t r e a t e d  l o t s  o f  th e  t e s t  ru n  

May 9 , 1933 ( t a b .  3 7 ) .  F o r r e s u l t s  a f t e r  e t h y l  b rom ide  t r e a tm e n t ,  s e e  

t a b l e  4 1 .
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T a b le  41* H e s p i r a t i o n  r a t e s  o f  c a r r o t s  s , f t e r  e t h y l  b rom ide  t r e a tm e n t .

May 1 7 , 1 953 .

R e s p i r a t i o n
p e r io d

C arb o n  d io x id e l i b e r a t e d  p e r  h o u r p e r  k i l o
a t  28 ±  .3 °  C • a t  5 ±  1 .0 °  C.

a e r o b ic a n a e r o b ic i/N  s a e r o b ic a n a e ro b ic i / n
mg. mg. •• mg. mg.

16 h r  s . *•
P r e l im . 9 7 .4 (1 1 2 .5 ) ( 1 .1 6 ) : (2 9 .8 (2 9 .8 ) (1 .0 0 )

1 s t . day 7 4 .3 1 1 1 .3 1 .4 9  : 1 5 .9 1 8 .3 1 .1 5

2 n d . day 6 1 .3 1 0 0 .9 1 .6 5  % 1 4 .2 1 7 .4 1 .2 2

3 r d . day 5 5 .5 i 1 0 0 .1 1 .8 0  r. 1 4 .0 1 7 .7 1 .2 6

4  t h . day 5 4 .4 i (1 0 5 .2 ) ( 1 .9 3 ) ; 1 4 .4 1 7 .0 1 .1 8

5 t h . day ? (5 3 .0 ) s (1 0 6 .2 ) ( 2 .0 0 ) ; 1 4 .3 1 6 .6 1 .1 6

6 t h . day ? (5 5 .6 ) s (1 0 7 .1 ) s( 1 . 9 2 ) s 1 2 .4 1 4 .4 1 .1 6

V a lu e s  i n  p a r e n th e s e s  a r e  p ro b a b ly  u n r e l i a b l e *  At th e  b e g in n in g ,  

in c o m p le te  a n a e r o b io s i s  p e rh a p s  r e s u l t s  i n  v a lu e s  to o  h ig h .  A t th e  low  

te m p e r a tu r e ,  th e  r e s p i r a t i o n  i s  h ig h  d u r in g  th e  p r e l im in a r y  p e r io d ,  b e c a u se  

th e  c a r r o t s  w ere  warm a t  th e  s t a r t  and  r e q u i r e d  some tim e  to  r e a c h  th e  low 

te m p e r a tu r e .  V a lu e s  d u r in g  th e  f o u r t h  to  s i x t h  days a r e  i n  e r r o r  due to  

m old  an d  b a c t e r i a l  g ro w th .

E x p e r im e n t 5 . —— A s e r i e s  o f  c a r r o t s  was u s e d  to  t e s t  th e  r e l a t i v e  i n e r t n e s s  

o f  h y d ro g e n  and  n i t r o g e n  g a s e s  i n  s tu d y  o f  a n a e r o b io s i s .  T h ree  sam ples o f  

e i g h t  r o o t s  each  w ere u s e d ;  th e  w e ig h ts  o f  th e  sam p les v a r i e d  from  3 7 5 .5  

t o  3 6 1 .5  gram s e a c h .  A l l  r o o t s  w ere d ip p e d  i n  50 p e r  c e n t  a l c o h o l  fo r  

3 m in u te s ,  r i n s e d  i n  d i s t i l l e d  w a te r  f o r  2 m in u te s ,  and  d r i e d  b e f o r e  p la c in g  

i n  t h e  r e s p i r a t i o n  ch am b ers . The p r e l im in a r y  p e r io d  l a s t e d  15 h o u r s .

7/hen a  ch an g e  was made from  one g a s  to  a n o th e r ,  th e  seco n d  g a s  was in t r o d u c e d  

a t  th e  b e g in n in g  o f  th e  p u r i f i c a t i o n  t r a i n  a b o u t 20 m in u te s  b e f o r e  a  d a y ’ s
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r u n  e n d e d ; e v e n  s o ,  th e  seco n d  g a s  w ould  n o t  d i s p l a c e  th e  p r e v io u s  one 

u n t i l  s e v e r a l  h o u r s  h a d  e l a p s e d .  The r e s u l t s  a r e  g iv e n  i n  t a h l e  4 2 .

T a h le  4 2 .  R e s p i r a t i o n  o f  c a r r o t s  i n  a i r ,  n i t r o g e n ,  and  h y d ro g e n  a t  2 7 .8  ± . 2 °  C

O c to b e r  39 -  26 , 1 9 5 5 .

R e s p i r a t i o n
p e r io d

: C arb o n  d io x id e l i b e r a t e d  p e r  h o u r p e r  k i l o
•
* a e r o b i c

: A n a e ro b ic *•
i / n: medium •• sam ple 1 : sam ple  2 a• a v e ra g e :

: mg. mg. : mg. mg.

1 s t . day * 6 7 .5 H i t r o g e n
•

*• 1 1 8 .6 ; 1 1 3 .7 1 1 6 .2 1 .7 2

2 n d . day ! 6 0 .7 H yd ro g en
•

1 0 9 .6 ; 1 1 3 .6 1 1 1 .6 1 .8 4

3 r d . day “ 6 0 .9 H y d ro g en 1 0 4 .0 ; 1 0 7 .8 10 5 .9 1 .7 4

4 t h . day ’ 5 5 .8 ‘n i t r o g e n 9 3 .6 ; 1 0 1 .4 9 7 .5 1 .8 2

5 th . day 1 5 5 .4 H i t r o g e n
w 9 1 .4 100 .4 9 5 .9 1 .7 3

6 t h . day • 5 6 .8 H y drogen 9 6 .2 s 1 1 0 .6 1 0 2 .4 1 .8 0

7 t h . day , 5 4 .3 H i t r o g e n s 9 0 .4 1 9 7 .8 j 9 4 .1 1 .7 3

D is c u s s io n

The e x p e r im e n ts  r e p o r t e d  show a  c o n s i s t e n t  h ig h  a n a e ro b ic  r e s p i r a t i o n  

f o r  c a r r o t s .  The l /N  v a lu e s  a r e  h ig h e s t  a t  th e  warm te m p e r a tu r e ;  u s u a l l y  

th e  I / i f  v a lu e  o f  th e  f i r s t  d a y s  r u n  a t  th e  warm te m p e ra tu r e  was ab o u t 

1 .5 0  an d  i t  u s u a l l y  in c r e a s e d  a s  tim e  w ent o n . I n  th e  c o ld ,  th e  l /N  v a lu e  

was a b o u t u n i t y  and  re m a in e d  f a i r l y  c o n s t a n t .

The h ig h  a n a e r o b ic  r e s p i r a t i o n  r a t e  was c e r t a i n l y  n o t  due to  i n f e c t i o n  

by  b a c t e r i a  o r  f u n g i .  T h e re  was no v i s i b l e  m old a t  any t im e ,  n o r  any s ig n  

o f  b a c t e r i a l  i n f e c t i o n  i n  th e  s e r i e s  r u n  S ep tem b er 19 , 1933 ( t a b .  3 9 ) .

The o d o r  an d  t a s t e  o f  t h e  r o o t s  w ere n e a r l y ,  o r  q u i t e  n o rm al a f t e r  a  week 

o f  a n a e r o b i o s i s ,  and  th e  a p p e a ra n c e  o f  th e  r o o t s  was norm al*  The t i s s u e ,  

a f t e r  g r in d i n g  on  a  H ix ta m a l m i l l ,  seem ed more j u i c y ,  and th e  r e s u l t s
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( t a b l e s  38 and  40 ) sliow a  h ig h e r  m o is tu r e  c o n te n t*  TShether t h i s  in c r e a s e  

i n  m o is tu r e  i s  a c t u a l ,  o r  a p p a r e n t ,  i s  unknow n, b e c a u se  v o l a t i l e  end  

p r o d u c ts  o f  a n a e r o b ic  r e s p i r a t i o n ,  su ch  a s  a l c o h o l ,  w ould c a u se  a n  a p p a re n t  

i n c r e a s e  i n  th e  m o is tu r e  c o n te n t*

The a n a e r o b ic  r e s p i r a t i o n  o f  c a r r o t s  was a b o u t th e  same i n  e i t h e r  

h y d ro g e n  o r  n i t r o g e n  ( ta b *  4 2 )*  From th e  r e s u l t s  r e p o r t e d ,  h y d ro g e n  seems 

t o  c a u s e  a  s l i g h t  i n c r e a s e  i n  th e  am ount o f  c a rb o n  d io x id e  p ro d u c e d  when 

s u b s t i t u t e d  f o r  n i t r o g e n *  On th e  o th e r  h a n d , a  d e c re a s e  o c c u rs  when n i t r o g e n  

fo l lo w s  h y d ro g en *  The l/N - v a lu e s  a r e  n o t  a f f e c t e d  s i g n i f i c a n t l y  by th e  

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

I t  i s  d i f f i c u l t  to  e s t im a te  th e  e f f e c t  t h a t  e t h y l  b ro m id e  t r e a tm e n t  

h a s  on  c a r r o t s  ( ta b *  4 1 ) b e c a u s e  u n t r e a t e d  c o n t r o l s  w ere n o t  ru n  a t  th e  

same t im e .  C o m p ariso n  i s  b e s t  made w ith  u n t r e a t e d  sam p les  g iv e n  i n  t a b l e  37* 

The s l i g h t  s t im u lu s  p o s s i b ly  due to  th e  e t h y l  b ro m id e  i s  o f  s h o r t  d u r a t i o n ,  

a b o u t 1 d a y , an d  seem s m ore p ro n o u n ced  i n  th e  a e r o b ic  sa m p le s , and  a t  

th e  warm te m p e ra tu re *

The t o t a l  s u g a r  c o n te n t  o f  c a r r o t s  d e c r e a s e s  m a rk ed ly  d u r in g  a n a e ro b ic  

r e s p i r a t i o n  ( t a b l e s  58 and  4 0 ) .  The am ounts o f  r e d u c in g  s u g a r s  d id  n o t 

change  a p p r e c ia b ly  i n  one a n a l y s i s  b u t  d e c r e a s e d  m ore s i g n i f i c a n t l y  i n  

t h e  e x p e r im e n t 3 .  The g r e a t e r  d e c r e a s e  i n  th e  su g a r  c o n te n t  o f  th e  a n a e ro b ic  

sam p les  i n d i c a t e s  t h a t  s u g a r  i s  p ro b a b ly  th e  c h i e f  fo o d  o f  th e  c a r r o t ,  and  

i s  th e  s u b s ta n c e  b ro k e n  down d u r in g  r e s p i r a t i o n .  Much m ore m a t e r i a l  i s  

u s e d  i n  a n a e r o b ic  s p l i t t i n g  to  fo rm  a  g iv e n  am ount o f  c a rb o n  d io x id e  th a n  

i n  a e r o b i c  p r o c e s s e s .  T h is  may a c c o u n t f o r  th e  g r e a t e r  d e c r e a s e  in  th e

s u g a r  c o n te n t  o f  th e  a n a e ro b ic  l o t s .

G u s ta f s o n  (1932) fo u n d  t h a t  s e v e r a l  d i f f e r e n t  s p e c ie s  o f  c a c t i  g iv e  

o f f  a b o u t a s  m uch, o r  s l i g h t l y  m o re , c a rb o n  d io x id e  by a n a e ro b ic  p r o c e s s e s
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a s  "by a e r o b i c  o x i d a t i o n .  A c o m p a riso n  o f  th e  fo o d  r e s e r v e s  i n  th e  two 

m a t e r i a l s  w ou ld  h e  i n t e r e s t i n g  b e c a u s e  o f  t h e i r  s im i l a r  r e s p i r a t o r y  b e h a v io r .

R ic h a r d s  (18 9 6 ) fo u n d  t h a t  c a r r o t s  h ad  a  h ig h  a n a e ro b ic  r e s p i r a t i o n ,  

a b o u t e q u a l  to  a e r o b i c ,  b u t  h i s  e x p e r im e n ts  d id  n o t  ru n  o v e r  p e r io d s  a s  

lo n g  a s  u s e d  i n  t h e  p r e s e n t  w o rk .
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P a r s n ip s  (P a s t i n a c a  s a t i v a  L •)

T h is  e x p e r im e n t was p la n n e d  t o  e x te n d  t h e  e x p e r im e n ts  p e rfo rm e d  by  

S m ith  (1 9 2 9 ) on th e  r e s p i r a t i o n  o f  p a r s n ip s  a f t e r  c o ld  s to r a g e ,  by  in c lu d in g  

th e  d e t e r m in a t io n  o f  th e  a n a e r o b ic  r e s p i r a t i o n .

The p a r s n ip s  w ere p u rc h a s e d  from  a  l o c a l  t r u c k e r ,  November 28, 1933, 

b e in g  dug e x p r e s s ly  f o r  t h i s  e x p e r im e n t .  The r o o t s  w ere dug in  th e  m o rn ing , 

w ashed  j u s t  b e f o r e  n o o n , and  th e  sam p les  s o r t e d  o u t j u s t  a f t e r  n o o n . The 

sa m p le s  c o n s i s t e d  o f  s e v e n  r o o t s  e a c h ; th o s e  u s e d  im m e d ia te ly  f o r  th e  

d e t e r m in a t io n  o f  r e s p i r a t i o n  w eig h ed  a b o u t 640 gram s eac h  and  th e  sam p les  

p la c e d  i n  c o ld  s to r a g e  w eig h ed  a b o u t 540 gram s e a c h .

F o u r  sam p le s  w ere p la c e d  i n  th e  r e s p i r a t i o n  cham bers im m e d ia te ly  

a f t e r  s o r t i n g  to  d e te rm in e  th e  r e s p i r a t i o n  o f  f r e s h l y  dug p a r s n i p s .  The 

r e m a in in g  sam p le s  w ere  s t o r e d  i n  m o is t  loam  s o i l  a t  2 .2 °  C . (3 6 ° F . } f o r  

30 d a y s .  The m ethod o f  s to r a g e  i s  d e s c r ib e d  by  S m ith  (1 9 2 9 ) .  T hese  sam p les  

w ere th e n  rem oved  a n d  r e s p i r a t i o n  t e s t s  m ade. The p r e l im in a r y  p e r io d s  

l a s t e d  2 0 .2 5  h o u rs  i n  e a c h  i n s t a n c e ;  th e  r e s p i r a t i o n  t e s t s  w ere made a t  

22 ±  .3 °  C . and a t  1 .5  dz .5 °  C .

S am ples f o r  s u g a r  and  m o is tu r e  d e te r m in a t io n s  w ere ta k e n  from  c o l l a t e r a l  

sam p les  a t  th e  b e g in n in g  o f  th e  r e s p i r a t i o n  t e s t s  a t  22° 0 . ;  sam p les  f o r  th e  

d e t e r m in a t io n  o f  s u g a r s  and  m o is tu r e  w ere ta k e n  from  th e  r e s p i r a t i o n  s a m p le s .

The r e s u l t s  o f  th e  r e s p i r a t i o n  t e s t s  a r e  p r e s e n te d  i n  t a b l e s  43 and 44 

an d  shown i n  f i g u r e  8 .  The p e r c e n ta g e s  o f  m o is tu r e  and s u g a rs  a r e  g iv e n  

i n  t a b l e  4 5 .



y ^ /  G .  <3.
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T a b le  4 3 .  R e s p i r a t i o n  r a t e s  o f  f r e s h l y  h a r v e s t e d  p a r s n i p s .  B egun , Nov* 2 8 , 1933

R e s p i r a t i o n
p e r io d

C arb o n  d io x id e  l i b e r a t e d  p e r  h o u r  p e r  k i l o
a t  22 j t  .3 0  C . a t 1 .5  ±. .5 0  C«

a e r o b i c a n a e r o b ic  : i /N a e r o b ic a n a e ro b ic
. mg. mg. . mg. mg.

1 s t .  day 6 6 .7 53 .9 *  ! .8 1  
•

2 1 .8 2 6 .8 1 .2 3

2 n d . day 5 5 .9 7 8 .8  ! 1 .4 6  
♦

2 0 .8 2 1 .4 1 .0 5

3 r d .  day 4 5 .5 6 6 .7  | 1 .4 7 1 6 .6 1 4 .2

<■£>00.

4 t h .  day 4 3 .4 7 1 .6  : 1 .6 5  
•

1 5 .0 1 8 .0 1 .2 0

5 t h .  day 3 8 .2 (7 5 .9 )  I 1 .9 9 1 3 .7 1 4 .1 1 .0 3

* The low  v a lu e  f o r  th e  f i r s t  d a y ’ s a n a e r o b ic  r e c o r d  a t  22° C. was p ro b a b ly  

due to  p o o r  a d ju s tm e n t  o f  th e  g a s  f lo w  b e c a u se  th e  v a lu e  f o r  t h e  se c o n d  

day  i s  h ig h e r  th a n  e x p e c te d .

N i t r o g e n  was u s e d  d u r in g  th e  p r e l im in a r y  p e r io d  and  f o r  10 h o u rs  th e  

f i r s t  d a y . I t  was th e n  n e c e s s a r y  to  chan g e  to  h y d ro g e n  f o r  th e  re m a in d e r  o f  

th e  t e s t .

T a b le  4 4 .  R e s p i r a t i o n  r a t e s  o f  p a r s n ip s  a f t e r  30 d ays s to r a g e  a t  1 .0  — 2 .5 °  C. 

B egun , D ecem ber 28 , 19 3 3 .

C arb o n  d io x id e  l i b e r a t e d  p e r  h o u r  p e r  k i l o
R e s p i r a t i o n

p e r io d
a t 22 J: .3 °  C . a t  1 .5  ±  . 5 0  0 .

a e r o b ic a n a e r o b ic i / h a e r o b ic a n a e ro b ic i / n
mg. mg. mg. mg*

1 s t .  d a y . 6 5 .8 6 7 .3 1 .0 2 1 2 .1 1 5 .7 1 .3 0

2 n d .day 5 2 .6 6 2 .4 1 .1 9
10 .7* 12 .7 * 1 .1 8 *

3 rd . d ay 4 9 .4 7 2 .3 1 .4 6

4 th .  day 4 3 .6 (8 9 .1 ) (2 .0 4 ) 9 .2 1 1 .3 1 .2 3

5 th . day 4 3 .4 (1 1 8 .5 ) (2 .7 3 ) 8 .7 1 0 .6 1 .2 1

* A v erag e  o f  2 d a y s .
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T a b le  4 5 .  S u g a r  and m o is tu r e  .c o n te n t  o f  p a r s n i p s .

T re a tm e n t o f  sam p les R e d u c in g  s u g a r s T o ta l  s u g a r s
S to r a g e R e s p i r a t i o n  

a t  22° C .
M o is tu re a s  d e x t r o s e a s  i n v e r t s u g a r

a t  1 .5 °  G. Wet w t. d ry  w t. w et w t . d ry  w t.
d ay s p e r io d a tm .

h o u r s p e r  c e n t p e r  c e n t p e r  c e n t p e r  c e n t p e r  c e n t

0 — _ 8 1 .4 8 .2 7 1 .4 4 6 .1 4 3 3 .1 6

0 140 a i r 8 1 .3 9 .7 7 4 .1 1 5 .7 9 3 1 .1 1

140 N2 8 2 .4 5 .3 1 1 .7 6 5 .2 5 2 9 .9 2

0 8 0 .5 2 1 .0 4 5 .3 6 9 .2 6 4 7 .5 2

3 ° 140 a i r 8 0 .7 4
CD• 4 .3 4 8 .7 4 4 5 .3 5

140 H2 8 2 .7 5 .88 5 .0 9 7 .4 0 4 2 .9 0

D is c u s s io n

The p a r s n ip s  u s e d  d id  n o t  show any s i g n i f i c a n t  in c r e a s e  in  r e s p i r a t i o n  

a f t e r  s to r a g e  a t  low  te m p e ra tu re *  T h is  may h e  due to  th e  f a c t  t h a t  th e  

r o o t s  h a d  "been s u b je c t e d  to  some r a t h e r  c o ld  w e a th e r  b e f o r e  d ig g in g .  The 

a e r o b ic  r e s p i r a t i o n  r a t e s  o f  b o th  th e  f r e s h l y  dug r o o t s  an d  th e  s t o r e d  on es  

d e c r e a s e d  d u r in g  th e  c o u r s e  o f  th e  e x p e r im e n t .  S m ith  (1929) h a s  a l r e a d y  

r e p o r t e d  s i m i l a r  d a t a .  A t th e  warm te m p e r a tu r e ,  th e  a n a e ro b ic  r e s p i r a t i o n  

o f  p a r s n ip s  ■" d id  n o t  d e c r e a s e  during- th e  e x p e r im e n ts .  S in c e  th e

a e r o b ic  r a t e  d e c r e a s e d  w h ile  th e  a n a e ro b ic  r a t e  re m a in e d  r e l a t i v e l y  c o n s ta n t ,  

th e  i / n  v a lu e s  i n c r e a s e d .

The a n a e r o b ic  r e s p i r a t i o n  showed an  a p p a re n t  in c r e a s e  a f t e r  a  few  d a y s .  

T h a t t h i s  was due to  i n f e c t i o n  w i th  m ic ro -o rg a n is m s  i s  d o u b te d  b e c a u s e  t h e r e  

was no m o ld , o r  v i s i b l e  s ig n  o f  b a c t e r i a ,  ev en  when th e  r o o t s  w ere c u t  o p en . 

The s l i g h t  to p  g ro w th  o f  th e  a e r o b ic  l o t a  d id  n o t  seem to  a p p r e c ia b ly  a f f e c t
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th e  r a t e  o f  r e s p i r a t i o n .  I t  was u n f o r tu n a t e  t h a t  th e  u s e  o f  h y d ro g e n  was 

c o m p u lso ry  i n  t h e  f i r s t  e x p e r im e n t ,  h u t ,  e x c e p t  f o r  th e  one p o s s i b l e  e r r o r  

a l r e a d y  m e n tio n e d , th e  f i g u r e s  a r e  c o n s id e r e d  r e l i a b l e ,  and  n o t  m a t e r i a l l y  

a f f e c t e d  b y  th e  chan g e  from  n i t r o g e n  to  h y d ro g e n  (S ee a l s o  t a b l e  4 2 ) .

The r e s p i r a t i o n  o f  f r e s h l y  dug p a r s n ip s  i s  much h ig h e r  a t  th e  c o ld  

te m p e r a tu r e  th a n  t h a t  o f  r o o t s  a f t e r  a  p e r io d  o f  c o ld  s to r a g e ,  d e s p i t e  th e  

f a c t  t h a t  th e  s u g a r  c o n te n t  o f  th e  s t o r e d  r o o t s  was m a rk e d ly  h ig h e r  th a n  

t h a t  o f  th e  f r e s h l y  dug r o o t s .

The w e ig h ts  o f  t h e  s o i l  s t o r e d  l o t s  re m a in e d  a lm o s t u n ch an g ed  f o r  th e  

30 day  s to r a g e  p e r i o d .  The s u g a r  c o n te n t  ( t a b .  4 5 ) ,  b o th  o f  r e d u c in g  and  

t o t a l  sug& re in c r e a s e d  s i g n i f i c a n t l y  d u r in g  s to r a g e *  T h e re  was a lw ays a  

g r e a t e r  d e c r e a s e  i n  th e  t o t a l  s u g a r  c o n te n t  d u r in g  a n a e r o b ic  th a n  d u r in g  

a e r o b ic  r e s p i r a t i o n .  T he f i g u r e s  a r e  so  c o n f l i c t i n g  t h a t  any  c o n c lu s io n  

c o n c e rn in g  th e  change  i n  r e d u c in g  s u g a r s  i s  u n w a r r a n te d .

Prom t h e  d a t a  r e p o r t e d  i t  may b e  c o n c lu d e d  t h a t  p a r s n ip s  h a r e  a  h ig h  

a n a e r o b ic  r e s p i r a t i o n  i n  c o m p a r iso n  to  th e  a e r o b i c .  I n  t h i s  r e s p e c t  th e y  

re s e m b le  c a r r o t s *

The s u g a r  c o n te n t  o f  p a r s n ip s  i n c r e a s e s  d u r in g  c o ld  s t o r a g e .  T h is  

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

when th e  r o o t s  a r e  rem oved t o  a  h ig h e r  te m p e r a tu r e .  T h is  o b s e r v a t io n  s u p p o r ts  

S m ith 1s  (19 2 9 ) w o rk . P a r s n ip s  d i f f e r  from  p o ta to e s  i n  t h i s  r e s p e c t .
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T u rn ip s  (B r a s s i c a  r a p a  L . )

The t u r n i p s  u s e d  i n  t h i s  e x p e r im e n t w ere p u rc h a s e d  i n  a  l o c a l  g r o c e r y ,  

M arch  19 , 1 9 3 4 , They h a d  b e e n  s h ip p e d  i n  from  th e  s o u th ,  h u t  th e  to p s  w ere 

s t i l l  f a i r l y  f r e s h .

A f t e r  rem o v in g  t h e  t o p s ,  f o u r  sam p les  o f  f i v e  r o o t s  e a c h  w ere s e l e c t e d .

Two sa m p le s  w ere  p la c e d  i n  r e s p i r a t i o n  cham bers im m e d ia te ly , and  th e  r e s p i r a t i o n  

d e te r m in e d .

The re m a in in g  two sam p les  w ere s t o r e d  i n  open  c o n t a in e r s  a t  2 .2 °  C.

(3 6 °  F . )  f o r  two d a y s .  They l o s t  w e ig h t r a p i d l y ,  so th e y  w ere p la c e d  i n  

m o is t  ch am bers  w i th  lo o s e l y  f i t t i n g  c o v e r s ,  an d  a  p ie c e  o f  m o is t  to w e l 

p a p e r  p la c e d  o v e r  th e  r o o t s .  A f t e r  t a k in g  t h i s  p r e c a u t io n ,  th e  w e ig h ts  

re m a in e d  c o n s t a n t .  The s to r a g e  p e r io d  l a s t e d  17 d a y s .

The r e s p i r a t i o n  was d e te rm in e d  a t  22 J: ,5 °  0 .  The p r e l im in a r y  p e r io d s  

w ere  a b o u t 5 ,5  h o u r s .  The r e s u l t s  a r e  p r e s e n te d  i n  t a b l e  4 6 ,

T a b le  46* R e s p i r a t i o n  o f  t u r n i p s  a t  2 2 ± 0 * 5 °  C .

R e s p i r a t i o n
p e r i o d

C arb o n  d io x id e l i b e r a t e d  p e r  h o u r  p e r  k i l o

F r e s h  r o o t s A f t e r  17 day s s to r a g e  a t  36° F .
a e r o b ic  : a n a e r o b ic i / ir a e r o b ic  : a n a e ro b ic i / n

1 s t*  day

mg. : rag, 

6 9 .8  - 4 7 .5 .6 8

mg.

9 0 .4

mg.

5 0 .7 .5 6

2 n d , day 6 6 .2  ; 4 0 .4 .6 1 8 6 .2 3 9 .2 .4 5

3 r d .  day 5 8 .5  : 4 1 .7 .7 1 7 4 ,4 5 6 .5 .4 9

4 t h .  day -------  : ------- ----- 6 7 .3 3 6 .9 .5 5
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D is c u s s io n

The t u r n i p s  o f  b o th  a e r o b ic  sam p le s  d e v e lo p e d  some new r o o t  and  l e a f  

g ro w th .  T h e re  was no l e a f  o r  r o o t  g ro w th  i n  th e  a e r o b ic  s a m p le s . A s lim y  

g ro w th  o f  b a c t e r i a  d e v e lo p e d  a ro u n d  th e  crow ns o f  th e  t u r n i p s  i n  th e  

a n a e r o b ic  s a m p le s , an d  a  f o u l  o d o r was p r e s e n t  a f t e r  th e  seco n d  d a y . O nly 

t h e  d a t a  f o r  th e  f i r s t  two d ay s  a r e  c o n s id e r e d  r e l i a b l e .  C o ld  s to r a g e  o f  

t u r n i p s  r e s u l t s  i n  a n  i n c r e a s e  i n  th e  a e r o b ic  r e s p i r a t i o n  a t  su b se q u e n t 

h ig h  t e m p e r a tu r e ,  b u t  th e  a n a e r o b ic  r e s p i r a t i o n  seem s q u i t e  u n a f f e c t e d  by 

s u c h  t r e a t m e n t .
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G re e n  Sw eet C o rn  (Z ea mays L .)

'The fo l lo w in g  e x p e r im e n ts  w ere d e s ig n e d  to  s tu d y  "both th e  a e r o b ic  and  

a n a e r o b ic  r e s p i r a t i o n  o f  g r e e n  sw e e t c o r n ,  and  th e  c o n c u r r e n t  c h an g e s  i n  

th e  c a r b o h y d r a te  r e s e r v e *

E x p e r im e n t 1*—  The f i r s t  e x p e r im e n ts  w ere c a r r i e d  o u t w i th  c o rn  o f  th e  

H o p e lan d  v a r i e t y *  T h is  was s u p p l i e d  by  th e  Agronomy D ep a rtm en t o f  th e  

M a ry la n d  A g r i c u l t u r a l  E x p e r im e n t S ta t io n *

The e a r s  w ere  p ic k e d  e a r l y  i n  th e  m o rn in g  and  b ro u g h t to  th e  l a b o r a t o r y .  

They w ere th e n  sh u c k e d , and  th e  s i l k s  rem oved by  b r u s h in g  l i g h t l y .  The 

b u t t s  w ere  c u t  o f f  sm o o th ly , an d  g r a i n s  i n j u r e d  by  e a r  worms w ere  c u t  o u t*

The c u t  s u r f a c e s  w ere sw abbed w i th  50 p e r  c e n t  a l c o h o l  t o  re d u c e  p o s s i b l e  

in f e c t io n *  The p r e l i m i n a r y  p e r io d s  l a s t e d  two h o u rs*  I n  t h i s  i n t e r v a l ,  

c o l l a t e r a l  l o t s  w ere sam p led  f o r  s u g a r  and  m o is tu r e  a n a l y s i s .  F o r  th e s e  

a n a l y t i c a l  s a m p le s ,  t h r e e  row s o f  g r a i n s  w ere  c u t  from  e a c h  e a r  u s e d ,  

g ro u n d , m ix e d , and  th e  sa m p le s  w e ig h ed  i n t o  f l a s k s *

Two ru n s  w ere made on  c o rn  i n  th e  m ilk  s ta g e *  The e a r s  w ere 19 days 

o ld  from  th e  t im e  s i l k s  h a d  f i r s t  a p p e a re d .  One ru n  was made on c o rn  i n  

th e  e a r l y  dough s t a g e ,  th e  e a r s  o f  w h ich  w ere 26 days o ld  from  th e  tim e  o f  

s i l k i n g .  The w r i t e r  i s  in d e b te d  to  M r. D o n a ld  G oss o f  th e  Agronomy D ep a rtm en t

f o r  t h e  d a t a  r e l a t i v e  to  th e  ag e  o f  th e  c o rn  u s e d .  A l l  th e  e a r s  o f  a  g iv e n

age w ere  n o t  i n  th e  same p h y s io lo g i c a l  a g e ,  an d  e a r s  w ere s e l e c t e d  w h ich  

seem ed a v e ra g e  f o r  th e  s ta g e  u s e d .  The * thumb n a i l*  t e s t  was u s e d  i n  t h i s  

f i n a l  s e p a r a t io n *  The r e s u l t s  o f  th e  r e s p i r a t i o n  t e s t s  a r e  g iv e n  i n  t a b l e s  

47 an d  4 8 ;  th e  c h an g e s  i n  s u g a r s  an d  m o is tu r e s  a r e  p r e s e n te d  i n  t a b l e  4 9 .

The d a t a  a r e ja ls o  shown i n  f i g u r e  9 .
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T a b le  4 7 ,  R e s p i r a t i o n  a t  30° C , o f  H o p e lan d  sw ee t c o rn  i n  th e  m ilk  s t a g e .

C arb o n  d io x id e l i b e r a t e d  p e r  h o u r p e r  k i l o

p e r io d Run A u g u st 1 5 -2 2 , 1932 t Run A ug u st 2 3 -3 0 , 1933

a e r o b ic a n a e r o b ic i / h *♦ a e r o b ic  s a n a e ro b ic : i / u
mg. mg. •• mg. . mg.

1 s t . day 4 9 3 .2 3 8 8 .2 .7 9
•»
•* 4 7 1 .1  ! 3 6 8 .4 ; .7 8

2 n d . day 4 1 8 .1 2 3 6 .4 .5 7
♦

4 0 1 .0  ! 2 7 5 .6 ;* .69

3 r d . day 3 7 0 .4 1 8 6 .2 .5 0
•ft
•• 3 3 3 .0  ! 2 0 3 .3 ; .6 1

4 t h . day 3 1 6 .6 1 4 7 .6 .4 7
ft

3 0 1 .7  [ 1 6 0 .7 s .5 3

5 t h . day 3 0 1 .0 1 1 8 .4 .3 9 S 2 6 4 .8  ' 1 4 1 .8 i .5 4

6 th . day 2 4 8 .2 8 9 .9 .3 6
ft

2 2 2 .4 1 1 2 .5 ! *51

7 t h . day 2 0 2 .9
i

7 0 .4 .3 5 5 1 9 2 .9  1 8 9 .3 2 .4 6

f a l s i e  4 8 .  R e s p i r a t i o n  a t  30° C . o f  H o p e lan d  sw e e t c o m  i n  th e  dough s t a g e .

B egun , A ugust 3 1 , 1952

R e s p i r a t i o n
p e r i o d

C arb o n  d io x id e l i b e r a t e d  p e r  h o u r  p e r  k i l o

a e r o b ic  : a n a e ro b ic i / jst

1 s t . day

mg.
•

5 9 8 .9  j 
•

mg.

2 7 1 .7

mg.

.6 8

2 n d . day 3 4 7 .6  !ft 1 7 9 .4 .5 2

3 r d . day 2 9 8 .5  ! 1 4 1 .2 .4 7

4 t h . day
ft

2 5 8 .6  ‘ 1 3 9 .5 .5 4

5 t h . day 2 2 1 .5  !
*

1 3 1 .9 .6 0

6 th . d ay  . 1 8 8 .4  : 1 1 9 .3 .6 3



V / / / / / / / / / A

*
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T a b le  4 9 ,  S u g a r  and  m o is tu r e  c o n te n t  o f  H o p elan d  Sw eet C o m .

S ta g e  o f  : s t o r a g e  
r i p e n e s s  s t  3QO c

when t
M o is tu re

S e d u c in g  s u g a rs  
a s  d e x t ro s e

T o ta l  s u g a r s  
a s  i n v e r t  s u g a r

h a r v e s t e d  » p e r io d atm* w et w t. d ry  w t. w et w t. d ry  w t.
s d ay s p e r  c e n t p e r  c e n t p e r  c e n t p e r  c e n t p e r  c e n t

! o 77*85 .9 9 4 .4 7 4 .2 0 1 8 .9 7
M ilk  s „

. 7 
*

a i r 7 4 .9 5 .6 0 2 .3 8 1 .0 7 4 .2 6
*

. 7 ^ 2 8 1 .1 1 2 .3 6 1 2 .4 9 2 .3 5 1 2 .4 4

•

; o -------------- 8 0 .6 2 1 .2 1 6 .2 5 4 .9 4 2 5 .4 7

M ilk  ; 7 a i r 7 5 .4 5 .4 4 1 .8 0 .8 3 3 .3 7

! 7 H2 78 .6 9 1 .7 7 8 .3 2 1 .9 6 9 .1 7

! ° ---- --------- 6 6 .1 1 .9 4 2 .7 8 3 .4 9 1 0 .2 9
E a r ly
dough  ; ^ a i r 6 5 .5 5 .5 0 1 .4 6 1 .1 4 3 .3 1

 ̂ 6 n 2 73 .3 9 1 .7 8 6 .6 8 2 .1 9 8 .2 1

E x p e r i m e n t s * - -  A n o th e r  e x p e r im e n t was ru n  on c o rn  i n  l a t e  m ilk  s ta g e  

p u rc h a s e d  from  a  l o c a l  m a rk e t g a r d e n e r ,  S ep tem b er 1 3 , 1932* I t  was a  w h ite  

v a r i e t y ,  c a l l e d  by  t h e  g ro w e r , T r u c k e r 's  C o m .

E ac h  sam ple  c o n s i s t e d  o f  f o u r  e a r s *  Much damage h ad  b e e n  c a u se d  by 

earw orm s, and  th e  dam aged k e r n e l s  w ere a l l  rem oved . The p r e l im in a r y  p e r io d  

l a s t e d  3 h o u r s .  D u r in g  t h i s  tim e  a  c o l l a t e r a l  sam ple was u s e d  f o r  s u g a r ,  

s t a r c h ,  an d  m o is tu r e  sam p les*

Two r e s p i r a t i o n  sam p les  w ere  ru n  se v e n  d ay s  a t  30° C . The o th e r  two 

w ere r u n  se v e n  d ay s  a t  3 l .O o  C, th e n  ch an g ed  to  300 C* f o r  s i x  d a y s .

I n  c h a n g in g  te m p e r a tu r e ,  th e  a n a e r o b ic  l o t  was i n  a i r  f o r  some tim e  b e c a u se  

th e  sam p les  w ere p la c e d  i n  d i f f e r e n t  r e s p i r a t i o n  ch am b ers . A p r e l im in a r y



-7 6

p e r i o d  o f  z h o u r s  was r u n  b e f o r e  s t a r t i n g  th e  r e c o r d  a g a in #  The r e s p i r a t i o n  

r e s u l t s  o f  t h i s  e x p e r im e n t a r e  g iv e n  i n  t a b l e  50 ; th e  ch an g es  i n  c a rb o h y d ra te s  

a r e  e x p r e s s e d  i n  t a b l e  51#

T a b le  50* R e s p i r a t i o n  r a t e s  o f  sw e e t c o rn  i n  th e  m ilk  s t a g e ,  T r u c k e r 's  v a r i e t y

R e s p i r a t i o n
p e r i o d

C arb o n  d io x id e l i b e r a t e d  p e r  h o u r p e r  k i l o
a t  3 0° C* X a t 3 ±  1 .0 0  c .

a e r o b ic a n a e r o b ic i / r a e r o b ic a n a e ro b ic i / bt
mg. mg* mg. mg.

1 s t# day 4 5 3 .1 3 4 6 .9 .7 7 7 5 .4 5 9 .7 .7 9

2nd* day (2 2 2 .9 )* 1 9 0 .5 ( .8 5 ) 6 7 .9 4 3 .1 .6 3

3rd* day 3 2 1 .3 1 4 8 .7 .4 6 5 7 .4 4 1 .9 .7 3

4 th * day 3 1 8 .3 119*8 .3 8 6 1 .8 4 1 .8 .6 8

5 th * day 2 9 1 .0 1 0 1 .4 .3 5 5 3 .0 4 2 .4 .8 0

6 t h . day
>

2 3 9 .4 8 1 .7 .3 4 4 9 .9 3 9 .3 .7 9

7 t h . d ay  5 2 1 7 .6 7 1 .3 .3 3 5 2 .7 3 9 .2 .7 4

C hanged to 300 c .
8 th * day JfT -' L ~ 3 7 3 .8 2 5 3 .9 .6 8

9 t h . day ------- ----- 3 1 5 .9 1 8 5 .0 .5 9

* 0 th . d ay ------- ------- ----- 2 8 6 .3 1 2 7 .8 .4 5

1 1 th . day ------ ------- ----- 2 6 1 .2 9 7 .3 .3 7

1 2 th * day ------- ------- ----- 2 2 8 .7 7 5 .2 .3 3

1 3 th . day ------- ------- - — J 2 0 5 .4  
»

y
6 1 .5 .3 0

* A ir  f lo w  s to p p e d  i n  t h i s  cham ber from  6 t0 0  P . M# u n t i l  8 :0 0  A# M* th ro u g h  

f a u l t y  m a n ip u la t io n *  L i t t l e  c a rb o n  d io x id e  was l o s t ,  b u t  i t s  p r o d u c t io n  

g r e a t l y  d e c r e a s e d ,  p r o b a b ly  due to  c o n su m p tio n  o f  oxygen  i n  c o n ta in e r #

R a te  f o r  f i r s t  5 h o u rs  o f  th e  s e c o n d  day  was 383*6 mgs# p e r  k i l o  p e r  hour#



T ab le  51* Changes in  c a rb o h y d ra te  and  m o is tu re  c o n te n t  o f  T ru c k e r s ’ g re e n  sw eet c o rn .  Begun S ep tem ber 13, 1932.

S to ra g e R educing  s u g a rs  s T o ta l  s u g a rs

a t  3 C. a t  3CT C. J w et w t. d ry  w t. w et w t. ;  d ry  w t. w et w t. d ry  w t. s w et w t. t d ry  w t.

0

%

0

7 days 

7 days

a i r

H2

p e r  c e n t  

75 .6 1  

76 .97  

79 .0 0
1

p e r  c e n t 

.9 5  

.49  

2 .4 0

p e r  c e n t 

3 .9 0  

2 .1 1  

1 1 .4 2

p e r  cen ts  

4 .3 7  

.9 5  

2 .6 3

p e r  c e n t
■

17 .91

4 .1 3

1 2 .5 2

p e r  c e n t 

8 .4 1  

5 .4 5  

4 .2 1

p e r  c e n t :  

34 .48  

2 3 .6 5  

2 0 .0 5

p e r  c e n ts p e r  cent

2 .8 4  j 11 .63  
•

3.98* ! 17.29*
•

2.68* ! 12.76*
•

7 days 6 days
a i r

H2

78.68

8 0 .0 4

•
•

0 .5 1

2 .3 9

2 .4 0

11 .9 5

.93

2 .6 5

4 .3 8

13 .26

4 .7 6

3 .4 2

22 .3 1

17 .13

3 .4 6

2 .7 3

16 .22

13.69

S o lu b le  p o ly ­
s a c c h a r id e s S ta r c h

* R e s u l t s  o f  s in g le  a n a l y s i s ,  a l l  o th e r s  v a lu e s  th e  a v e ra g e s  o f  d u p l i c a te  d e te rm in a tio n s *
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B y p e rim e n t 5 . —  The l a s t  e x p e r im e n t w i th  sw eet c o rn  was on S t o w e l l 's  E v e rg re e n  

v a r i e t y ,  grow n "by th e  D ep a rtm en t o f  H o r t i c u l t u r e .  The c o rn  was p ic k e d  in  

t h e  m o rn in g , S ep tem b er 29 , 1933 , sh u c k e d , s i l k e d ,  and  s o r t e d  in t o  l o t s  o f  

fo u r  r e p r e s e n t a t i v e  e a r s  i n  each* G ra in s  i n j u r e d  hy  earw orm  we r e  c u t  o u t ,  

and  a l l  c u t s  sw abbed w i th  50^ a l c o h o l .  The p r e l im in a r y  p e r io d  l a s t e d  two 

h o u r s ,  d u r in g  w h ich  tim e  sam p le s  w ere ta k e n  from  a  c o l l a t e r a l  sam ple* f o r  

m o i s tu r e ,  s u g a r ,  and  s t a r c h  a n a l y s e s .  S am ples f o r  a n a l y s i s  w ere ta k e n  

from  t h e  r e s p i r a t i o n  sam p le s  a t  th e  end  o f  th e  t e s t  a t  th e  h ig h  te m p e r a tu r e .

The r e s p i r a t i o n  was s tu d ie d  a t  28° 0 .  an d  a t  4 °  C .

The c o rn ,  a s  d e te rm in e d  h y  th e  'thum b  n a i l*  t e s t ,  was i n  th e  m ilk  s t a g e .

The r e s u l t s  a r e  p r e s e n te d  i n  t a b l e s  52 and  53 and  shown g r a p h i c a l l y  i n  

f i g u r e  1 0 .

T a b le  5 2 . R e s p i r a t i o n  r a t e s  o f  S to w e ll* s  e v e rg re e n  sw ee t c o rn .

R e s p i r a t i o n
p e r io d

C arbon  d io x id e  l i b e r a t e d  p e r  h o u r  p e r  k i l o
a t 2 7 .8  ±  .2 °  C. : a t 4 . 5 i  0 .5 °  C1.

a e r o b i c  ; a n a e r o b ic  t i /N  s a e r o b ic a n a e ro b ic i / h

1 s t*  day

mg.
*

3 9 6 .5  I

mg. .

2 8 3 .8  \ 0 .7 2  !

mg.

8 9 .6

mg.

: 0 .7 1

2 n d . day 3 2 6 .9  » 1 6 9 .8  ! .5 2  j 6 8 .3 3 7 .8 .5 5

3 r d .  day
•

2 9 7 .8  I 1 1 5 .0  j .3 9  I 6 7 .3 3 8 .5 .5 7

4 t h .  day
»

2 7 1 .6  ! 9 3 .8  * .3 5  j 5 3 .3 3 3 .6 .6 3

5 t h .  day 2 5 6 .7  I 
0

7 6 .7  .3 0  ;0 0 4 9 .5 2 9 .6 .6 0

6 t h .  day * 2 2 9 .1  ! 6 1 .9  * .2 7  ‘ 5 1 .4 3 4 .5 .6 7

7 t h .  day I 2 0 8 .2  * 5 3 .0  ] .2 5  I 4 7 .2 3 1 .0 .6 5



T ab le  55. Changes in  th e  c a rb o h y d ra te  and m o is tu re  c o n te n t  o f  S to w e ll* s  E v e rg re e n  sw eet c o rn .

S to ra g e  a t  28° C. : R educing  s u g a rs  s T o ta l  su g a rs
M o is tu re  * a s  d e x t ro s e  * a s  i n v e r t  su g a r 

* s

S o lu b le  p o ly s a c ­
c h a r id e s  
( d e x t r in s )

S ta r c h

p e r io d  r Atm. : wet w t. : d ry  w t. : w et w t. d ry  w t. w et w t. s d ry  w t. w et w t. d ry  w t.

0 78 .93  j 1 .2 2

¥

5 .8 0  ; 4 .0 3 19 .11 1 .1 0  j 5 .2 1 7 .1 2 33 .80

7 days a i r 74 .87  s .74* 2 .93*  * 1 .30* 5.16* 2.54* * 10.11* 8 .4 0 33 .43

7 days 8 1 .8 6  s 2 .1 0 11 .58  * 2 .2 9 12 .61 2.03* ; 11 .21* 3 .5 6 1 8 .1 4

* F ig u re s  r e s u l t  o f  a  s in g le  d e te r m in a t io n .  O th e rs  th e  av e ra g e  o f  d u p l i c a te  sa m p le s .
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D is c u s s io n

The sw e e t c o rn  h ad  "by f a r  th e  h ig h e s t  r e s p i r a t o r y  r a t e  o f  any m a t e r i a l  

s tu d ie d #  The o n ly  w ork p r e v io u s ly  r e p o r t e d  on  sw ee t c o rn  (A pplem an, 1918) 

g iv e s  r e s p i r a t i o n  v a lu e s  a p p ro x im a tin g  o n e - t e n th  o f  th e  ones r e p o r t e d  h e re in #  

U n p u b lis h e d  d a t a  hy  Dr# P a r k e r  shows r e s p i r a t o r y  r a t e s  v e ry  s i m i l a r  to  th e  

v a lu e s  r e p o r te d #

The g r a i n s ,  w h e th e r  m ilk  s ta g e  o r  o ld e r ,  seem ed to  c o n t in u e  to w ard
th e

m a tu r i t y  i n  a e r o b ic  c o n d i t io n s #  The s u r f a c e s  o f/g ra in fc jsh ru n k  an d  th e  

end o sp erm  becam e m ore doughy , and th e  m o is tu r e  c o n te n t  d e c re a s e d  i n  m ost 

c a s e s #  C o n c u r re n t  w i th  th e  v i s i b l e  c h a n g e s , th e  s t a r c h  c o n te n t  o f  th e  

g r a i n s  i n c r e a s e d ,  and  th e  s u g a r  c o n te n t  d e c re a se d *  The sam p les o f  T r u c k e r s 1 

c o rn  ( t a b l e  51) showed a  d e c re a s e  i n  w a te r  s o lu b le  p o ly s a c c h a r id e s  ( d e x t r i n s )  

b u t  th e  S to w e l l ’ s E v e r g r e e n  ( t a b l e  53) in c r e a s e d  i n  t h i s  f r a c t i o n .  The 

l a t t e r  v a r i e t y  was v e ry  low  i n  s o lu b le  p o ly s a c c h a r id e s  a t  th e  b e g in n in g  o f  

th e  e x p e r im e n t ,  and  th e  seco n d  a n a l y s i s  seems to  h av e  b e e n  made w h ile  th e  

s u g a r s  w ere o n ly  p a r t i a l l y  p o ly m e r iz e d  to  s ta r c h #

I n  a n a e r o b ic  c o n d i t i o n s ,  h o w ev er, th e  g r a in s  rem a in ed  v e ry  f r e s h  and 

plum p i n  a p p e a ra n c e #  The j u i c e  o f  th e  k e r n e l s  becam e l e s s  m ilk y  i n  

a p p e a ra n c e ,  and  t h e r e  was a n  a p p a r e n t  in c r e a s e  i n  th e  m o is tu r e  c o n te n t*

I t  i s  n o t  known w h e th e r  t h i s  l a t t e r  change  was due to  an  in c r e a s e  i n  w a te r  

from  m e ta b o l ic  p r o c e s s e s  o r  to . a n  in c r e a s e  i n  v o l a t i l e  compounds form ed by 

th e  a n a e r o b ic  p ro c e s s #  The l a t t e r  v iew  i s  fa v o re d  b e c a u se  a lc o h o l  was 

p r e s e n t ,  ju d g e d  by  o d o r ,  i n  th e  g r a i n s  a f t e r  a  p e r io d  o f  a n a e ro b io s is #

I t  i s  m ore r e a s o n a b le  to  e x p e c t  an  in c r e a s e  in  su c h  p r o d u c ts  o f  a n a e ro b ic  

r e s p i r a t i o n  th a n  an  in c r e a s e  i n  w a te r*

An i n t e r e s t i n g  f a c t  i s  th e  p ro n o u n c e d  in c r e a s e  o f  r e d u c in g  s u g a rs  i n  

th e  g r a i n s  d u r in g  a n a e r o b io s is #  The t o t a l  su g a r  c o n te n t  was g r e a t e r  a f t e r
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a n a e r o b ic  th a n  a f t e r  a e r o b ic  r e s p i r a t i o n  t in t  was somewhat l e s s  th a n  i n  th e  

o r i g i n a l  s a m p le . The T r u c k e r s 1 c o rn  showed a  d e c re a s e  i n  s o lu b le  p o ly ­

s a c c h a r id e s  and  s t a r c h  d u r in g  a n a e ro b ic  r e s p i r a t i o n .  The S to w e l l ’ s 

E v e rg re e n  c o rn  d e c r e a s e d  much m ore i n  s t a r c h  c o n te n t ,  b u t  th e  d e x t r i n s  

i n c r e a s e d  som ew hat.

I t  i s  e v id e n t  t h a t  th e  te n d e n c y  i n  sw eet c o rn  i s  to w a rd  h y d r o ly s i s  o f  

th e  h ig h e r  c a r b o h y d r a te s  d u r in g  a n a e ro b ic  r e s p i r a t i o n ;  v e ry  l i t t l e  s y n th e s i s ,  

o r  p o ly m e r iz a t io n  o c c u r s .  I t  I s  i n t e r e s t i n g  to  com pare th e  c a rb o h y d ra te  

c h a n g e s  i n  sw e e t c o rn  w i th  th o s e  o f  th e  p e a , P i s iu n  s a t iv u m , i n  th e  

g e r m in a t in g  s e e d s  o f  w h ich , U ab o k ich  (1903) r e p o r t e d  t h a t  h y d r o ly s i s  o f  

s t a r c h  to o k  p la c e  v e r y  s lo w ly  i n  th e  a b se n c e  o f  o x y g en .

The H o p e lan d  v a r i e t y  was th e  o n ly  one t e s t e d  a t  d i f f e r e n t  s ta g e s  o f  

m a t u r i t y .  T h e re  i s  no o u ts ta n d in g  d i f f e r e n c e  i n  th e  r e s p i r a t i o n  o f  c o rn  

i n  th e  m i lk ,  o r  i n  th e  dough s t a g e .  The r e s p i r a t i o n  i s  g r e a t e r  f o r  th e  

f i r s t  few  d a y s  i n  c o rn  i n  th e  m ilk  s ta g e  ( t a b l e s  4 ?  and  4 8 ) .

The a n a e r o b ic  r e s p i r a t i o n  d e c re a s e d  m ore r a p i d l y  th a n  th e  a e r o b ic  i n  

a l l  th e  e x p e r im e n ts  e x c e p t  t h a t  on  c o rn  i n  th e  dough s t a g e .  T h is  r e s u l t s  

i n  a  g r a d u a l  d e c r e a s e  i n  th e  l/cT v a l u e s .  At low  te m p e r a tu r e s ,  t h e  a n a e ro b ic  

r e s p i r a t i o n  d o e s  n o t  d e c r e a s e  so  r a p i d l y  and  th e  i / h v a lu e s  a r e  a lm o s t 

c o n s t a n t .  I n  t h e  e x p e r im e n t w i th  T r u c k e r s ’ c o rn ,  when th e  sam p les  w ere 

ch an g ed  from  a  low  to  a  warm te m p e r a tu r e ,  th e  i / e  v a lu e  d e c r e a s e d  s t e a d i l y ,  

a f t e r  h a v in g  re m a in e d  a lm o s t  c o n s ta n t  i n  th e  c o ld .  The d e c re a s e  i n  

a n a e r o b ic  r e s p i r a t i o n  i s  p ro b a b ly  due to  th e  i n h i b i t i n g ,  o r  t o x i c ,  a c t i o n  

o f  i n t e r m e d i a te  p r o d u c ts  o f  m e ta b o lis m . C e r t a i n l y ,  i t  i s  n o t  due to  a  la c k  

o f  f e rm e n ta b le  fo o d  s u b s ta n c e  b e c a u s e  th e  sam p les  c o n ta in e d  more s u g a r s  a t  

th e  end  o f  th e  r e s p i r a t i o n  p e r io d  th a n  a t  th e  b e g in n in g .
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M atu re  C orn  and  S oybeans

D r ie d  g r a i n  o f  c o m  (Z ea  Mays L .)  and  d r i e d  s e e d s  o f  so y b ean  (G ly c in e  

Max M e r r . ) w ere u s e d  i n  th e  f o l lo w in g  e x p e r im e n ts .

The e x p e r im e n ts  a r e  d e s ig n e d  to  e x te n d  th e  work o f  B a i le y  (1921) 

vfao s t u d i e d  th e  r e s p i r a t i o n  o f  c o rn  a t  d i f f e r e n t  m o is tu r e  p e r c e n ta g e s ,  and 

o f  B a i l e y  a n d  G u r ja r  (19 1 8 ) who d e te rm in e d  th e  r e s p i r a t i o n  o f  s to r e d  w heat* 

B a i l e y  fo u n d  t h a t  th e  r e s p i r a t i o n  o f  c o rn  in c r e a s e d  r a p id l y  w ith  in c r e a s e  

i n  t h e  m o is tu r e  c o n te n t  o f  th e  g r a i n  above 17 p e r  c e n t*  B a i le y  and  G u r ja r  

made one t e s t  o f  t h e  a n a e r o b ic  r e s p i r a t i o n  o f  w heat and  found  th e  I / u  v a lu e  

to  b e  a b o u t Q.dO when th e  m o is tu r e  c o n te n t  was a b o u t 16 p e r  c e n t .  H i l l  

(1913) u s e d  w h ea t h a v ^ in g  a  much h ig h e r  m o is tu r e  c o n te n t ,  and  found  i / u  

v a lu e s  o f  a b o u t 0 .5  i n  g r a i n  s t e r i l i z e d  w ith  a l c o h o l ,  b u t  o n ly  a b o u t 

*21 i n  g r a i n  s t e r i l i z e d  w i th  fo rm a lin *  B iakonow  (K o sty ch ev , 1927) found  

t h a t  s e e d s  o f  B io in u s  com m unis, w h ich  a r e  v e ry  low  i n  c a rb o h y d ra te  c o n te n t ,  

h a d  a  v e ry  low  a n a e r o b ic  r e s p i r a t i o n *

The c o rn  g r a i n  an d  so y b ean s  u s e d  i n  th e s e  e x p e r im e n ts  w ere grow n on  th e  

M ary lan d  E x p e r im e n t S t a t i o n  fa rm .

To s e c u r e  m a t e r i a l  o f  d i f f e r e n t  m o is tu re  c o n te n t ,  d i s t i l l e d  w a te r  was 

ad d ed  d i r e c t l y  t o  th e  m a t e r i a l  i n  s u f f i c i e n t  q u a n t i ty  to  r a i s e  th e  m o is tu re  

c o n te n t  to  th e  p e r c e n ta g e  d e s i r e d .  The m a te r i a l  was s t i r r e d  f r e q u e n t ly  fo r  

th e  f i r s t  few  h o u rs  to  k e e p  th e  w a te r  u n ifo rm ly  d i s t r i b u t e d  o v e r th e  

s u r f a c e s  o f  t h e  g r a i n s  o r  s e e d s  u n t i l  i t  h a d  a l l  b e e n  im b ib e d . Two 

r e s p i r a t i o n  sam p le s  w ere  w eig h ed  o u t  o f  e a c h  l o t  o f  so ak ed  m a t e r i a l ,  th u s  

i n s u r i n g  sam p les  a s  n e a r l y  i d e n t i c a l  a s  p o s s i b l e .  A f te r  a d d in g  th e  w a te r ,  

two o r  t h r e e  d ay s  w ere a l lo w e d  f o r  i t  t o  d i s t r i b u t e  e v e n ly  th ro u g h o u t th e  

i n t e r n a l  t i s s u e  o f  th e  g r a i n ,  o r  seed*  D u rin g ’ t h i s  t im e ,  th e  m a t e r i a l
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was s t o r e d  i n  j a r s ,  l o o s e l y  s to p p e r e d ,  so  a n a e ro b ic  c o n d i t io n s  w ould n o t  

o c c u r .

I n  a l l  e x p e r im e n ts  w i th  g r a i n s  and  s e e d s ,  th e  r e s p i r a t i o n  i s  c a l c u l a t e d  

on  "b as is  o f  d ry  m a t e r i a l ,  an d  n o t  on t o t a l  w e ig h t o f  sam p le .

E x p e r im e n t 1 . The f i r s t  e x p e r im e n t was on  d r i e d  g r a i n  o f  H opeland  sw ee t 

c o r n .  T h is  g r a i n  was from  sam ple  e a r s  sa v e d  from  s e l e c t i o n  p l o t s .  T h ree  

rov/s o f  k e r n e l s  w ere s h e l l e d  frcm  e a c h  e a r ;  a b o u t 50 e a r s  w ere r e p r e s e n te d ,  

o n e - h a l f  b e in g  groYm i n  1931, th e  o th e r  i n  19 3 2 . The t o t a l  l o t  o f  g r a i n  

w e ig h ed  a b o u t 1400 g ra m s . B ro k en  k e rn e ls* - and c h a f f  w ere rem oved , th e  

l o t  t h e n  s u b d iv id e d  an d  w a te r  a d d e d . R e s p i r a t i o n  sam p les  w eighed  500 gram s 

e a c h  f o r  c o rn  o f  low  m o is tu r e  c o n te n t ,  and  200 gram s e ac h  f o r  c o rn  h ig h  i n  

m o i s t u r e .  The p r e l im in a r y  p e r io d  was a b o u t 17 h o u r s .  The g a s  flo w s w ere 

c o n t in u o u s  th ro u g h o u t  th e  r e s p i r a t i o n  p e r io d  e x c e p t f o r  a  s h o r t  s to p  eac h  

day  w h ile  t h e  c o p p e r  i n  th e  n i t r o g e n  l i n e  was b e in g  re d u c e d .  See t a b l e  54*

E x p e r im e n t 2 . - -  T e s t s  w ere a l s o  ru n  on  R e id s  Y e llo w  R en t c o m .  The c o rn  

was s e l e c t e d  from  th e  c r i b ,  o n ly  w e l l  m a tu re d  e a r s  b e in g  u s e d .  The k e r n e l s  

w ere  d i s c a r d e d  from  t i p s  and  b u t t s  o f  e a r s .  The f i r s t  two t e s t s  w ere on 

c o rn  grow n i n  19 3 2 , th e  l a s t  two on c o rn  grow n i n  1 9 3 3 . The r e s p i r a t i o n  

sam p les  w ere  p r e p a r e d  i n  th e  same m anner as  th o s e  o f  sw ee t c o rn .  The 

sa m p le s  h ig h  i n  m o is tu r e  w eig h ed  250 g ra m s ; th o s e  low  i n  m o is tu re  w eighed  

500 g ra m s . The r e s u l t s  a r e  p r e s e n te d  i n  t a b l e  5 4 .
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T a b le  5 4 , R e s p i r a t i o n  s t u d i e s  on  c o rn  g r a i n  a t  22° C.

M a t e r i a l R a te  o f
M o is tu re

C arbon  d io x id e  l i b e r a t e d  p e r  
h o u r  p e r  k i l o  d ry  w t.

a e r o b ic a n a e ro b ic : i / F
p e r  c e n t mg. mg.

H o p e la n d  s w e e t Fov* 30 - 1 5 .1 1 4 .7 1 1 .2 5 • . 264
c o rn R e c . 3 , 1932

2 0 .5 8 22 .9 9 12 .3 9 *■ .5 3 9

R e id ’ s Y e llo w R e c . 20 — 23, 1 7 .3 8 5 .1 2 1 .4 8 : .2 9 0
R e n t ,  g row n 1952 1952

2 2 .0 9 2 7 .8 3 1 6 .2 4 ; .5 8 4
t» 1 
»
B R e c . 5 - 8 ,

1 4 .6 9 2 .0 2 .2 4 : .1 2 0

R e id ’ s  Y e llo w  
R e n t ,  g row n 1953

: 1933 1 9 .1 0 £ 3 .8 2 1 .3 7 £ .3 5 7
« * 6

i M ar. 8 -  11 ,
* 1 6 .3 8 : 1 .7 7

t
* .4 4 * .250

1934 : 2 3 .0 6 * 2 5 .7 2 “ 13 .6 9 *• .5 3 2

S i m i l a r  e x p e r im e n ts  w ere  r u n  w ith, so a k e d  s e e d s  o f  th e  so y b ean , 

V i r g i n i a  v a r i e t y .  The d a t a  a r e  g iv e n  i n  t a b l e  5 5 .

T a b le  5 5 . R e s p i r a t i o n  s t u d i e s  on so y b e a n s  a t  22° 0 .

S o u rc e  o f  S e e d R a te  o f  
t e s t

M o is tu re
C arb o n  d io x id e  l i b e r a t e d  p e r  

h o u r  p e r  k i l o  d ry  w t.
a e r o b ic a n a e ro b ic I / F

1932 A p r i l  3 - 6 ,

p e r  c e n t  
1 3 .1 2

mg.
.2 5

mg.
.1 8 .7 8

1933 1 9 .0 9 2 .4 3 .7 9 .3 2

1933 M arch  27 -  30, 1 3 .3 4 .4 2 • 03 O .7 1

1934 1 7 .5 1 1 .2 5

CO• .3 8

1955 A p r i l  12 -  15 
1934

; 1 4 .4 8  

; 2 2 .2 3

.4 5

6 .7 2

.3 4

1 .8 3
i  ■ ■ —

.7 4

.2 7
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D is c u s s io n

I t  seem s f r o m  th e  e x p e r im e n ts  r e p o r t e d  i n  t a b l e s  54 and  55 t h a t  

t h e r e  i s  some d i f f e r e n c e  i n  th e  r e a c t i o n  o f  c o rn  g r a i n  and so y b ean s  to  

a n a e r o b ic  c o n d i t io n s *  C o m  o f  low  m o is tu r e  c o n te n t  h a s  a  c o m p a ra tiv e ly  low  

a n a e r o b ic  r e s p i r a t i o n ;  th e  i / u  v a lu e s  a r e  a b o u t 0*25 o r  ev en  le s s *  When 

th e  m o is tu r e  c o n te n t  i s  in c r e a s e d ,  th e  a n a e r o b ic  r e s p i r a t i o n  becom es 

r e l a t i v e l y  g r e a t e r ,  and  th e  i / n  v a lu e s  a r e  a b o u t 0*50 , w ith  one e x c e p t io n ,  

w here  th e  m o is tu r e  c o n te n t  was b e lo w  20 p e r  c e n t*

On th e  o th e r  h a n d , so y b ean s  have a  low  i / u  v a lu e  when th e  m o is tu re  

c o n te n t  i s  h ig h *  The h ig h  i / u  v a lu e s  f o r  so y b ean s  a t  low  m o is tu re  c o n te n ts  

a r e  c o n s id e r e d  p o s s i b ly  in a c c u r a te *  The r e s p i r a t i o n  i s  a t  a  v e ry  low  r a t e ,  

and  i f  th e  c o r r e c t i o n  f o r  th e  b la n k  i n  t i t r a t i o n  was to o  low , th e  h ig h  

v a lu e s  w o u ld  r e s u l t *  I n  one in s t a n c e ,  a i r  was draw n th ro u g h  a n  empty 

cham ber f o r  72 h o u r s ,  and  th e  b la n k  was h ig h e r  th a n  th e  b la n k  th ro u g h  

w h ich  a i r  h a d  n o t  b e e n  p a s s e d .  U sin g  th e  h ig h e r  b la n k  th e  i / u  v a lu e s  f o r  

th e  so y b e a n s  a t  h ig h  an d  low  m o is tu r e  c o n te n ts  w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

The d a t a  on  so y b e a n s  s u p p o r t  th e  r e s u l t s  o f  D iakonow  (K o sty c h e v , 1927) 

who fo u n d  v e ry  weak a n a e r o b ic  r e s p i r a t i o n  i n  s e e d s  o f  R ic in u s  communis 

w h ich  a r e  v e r y  lo w  i n  c a r b o h y d r a te .
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GENERAL DISCUSSION

The p u rp o s e  o f  t h i s  g e n e r a l  d i s c u s s io n  i s  to  p r e s e n t  a  g e n e r a l  su rv e y  

o f  th e  r e s u l t s ,  a n d  com pare t h e  r e s p o n s e  made hy  d i f f e r e n t  m a t e r i a l s  to  

s i m i l a r  t r e a tm e n ts *

I n  th e  e x p e r im e n ts  p r e s e n te d  i n  t h i s  r e p o r t ,  th e  p e r io d s  o f  a n a e r o b io s i s  

e x te n d e d  f o r  lo n g e r  t im e s  th a n  h av e  b e e n  u s e d  by  m ost p re v io u s  w orkers*

As p r e v io u s l y  e x p la in e d ,  w i th  t h i c k  s to r a g e  o rg a n s ,  c o n s id e r a b le  tim e  i s  

n e c e s s a r y  f o r  th e  f r e e  oxygen  i n  th e  t i s s u e s  to  b e  d i s p la c e d  o r  u s e d  up  

b y  o x i d a t i o n .  N ot u n t i l  th e  f r e e  oxygen i s  e n t i r e l y  a b s e n t  i n  th e  t i s s u e  

i s  a n a e r o b io s i s  p o s s i b l e ,  Much e a r l y  w ork r e p o r t s  th e  a n a e ro b ic  r e s p i r a t i o n  

f o r  s h o r t  p e r io d s  o n ly ,  and  th e  a c c u ra c y  o f  su ch  d e te r m in a t io n s  i s  some­

t im e s  d o u b t f u l ,  TSfhen th e  a n a e ro b ic  r e s p i r a t i o n  i s  d e te rm in e d  s e v e r a l  day s 

i n  s u c c e s s io n ,  i t  i s  p o s s i b l e  to  a s c e r t a i n  from  s tu d y  o f  th e  d a t a ,  w h e th e r 

o r  n o t  t r u e  v a lu e s  a r e  o b ta in e d .  I n  some e x p e r im e n ts ,  th e  v a lu e  fo r  

th e  a n a e r o b ic  r e s p i r a t i o n  w ould  b e  much h ig h e r  f o r  th e  f i r s t  day th a n  f o r  

th e  s e c o n d . I n  su c h  c a s e s ,  i t  i s  c o n s id e re d  t h a t  th e  p r e l im in a r y  p e r io d  

was n o t  lo n g  enough t o  s e c u re  c o m p le te  rem ova l o f  th e  f r e e  oxygen in  

th e  t i s s u e ,  and  t h a t  a  p a r t  o f  t h e  c a rb o n  d io x id e  l i b e r a t e d  d u r in g  th e  

f i r s t  day  came from  o x id a t io n  r e a c t i o n s .

T h ere  i s  c o n s id e r a b le  d i f f e r e n c e  i n  th e  l e n g th  o f  tim e  t h a t  d i f f e r e n t  

m a t e r i a l s  w i th s ta n d  a n a e r o b ic  c o n d i t io n s  w ith o u t i n j u r y .  P o ta to e s  o f  th e  

I r i s h  C o b b le r  v a r i e ty  se ld o m  showed i n j u r y  a f t e r  a  p e r io d  o f  s i x  d ay s  

w i th o u t  oxygen* M cCormick p o t a t o e s ,  ho w ev er, o f t e n  showed c o n s id e r a b le  

i n j u r y ,  i e .  b l a c k ,  su n k en  a r e a s  on  th e  s u r f a c e  o f  th e  t u b e r s ,  a f t e r  fo u r  

d ay s  e x p e r ie n c e  u n d e r  a n a e r o b ic  c o n d i t i o n s .  C a r r o t s  showed l i t t l e  o r  

no i n j u r y  a f t e r  a  week i n  th e  a b se n c e  o f  o x y g en . P a r s n ip s  w ere s i m i l a r
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to  c a r r o t s  i n  t h e i r  r e s p o n s e ,  "but t u r n i p s  in d i c a t e d  some i n j u r y  a t  th e  

end  o f  t h r e e  days*  Tom ato f r u i t s  w i th s to o d  o n ly  t h r e e  o r  fo u r  days a n ­

a e r o b i o s i s  a t  a  warm te m p e ra tu r e  "before th e  t i s s u e  "broke down, and  th e  

j u i c e  le a k e d  o u t ,

A s tu d y  o f  th e  i/lT  r a t i o s  a l s o  shows t h a t  some m a te r i a l s  w ith s ta n d  

a n a e r o h i o s i s  " b e t te r  th a n  o t h e r s .  I n  som e, su ch  a s  c a r r o t s ,  and p a r s n ip s ,  

th e  i/lT  v a lu e s  re m a in e d  m ore o r  l e s s  c o n s ta n t  f o r  s e v e r a l  d a y s , w h ile  

w i th  g r e e n  sw e e t c o rn ,  th e  i / n  r a t i o s  d e c re a s e d  s t e a d i l y ,  A sh a rp  

i n c r e a s e  i n  th e  1/ n  r a t i o ,  o r  o f  th e  a n a e ro b ic  r e s p i r a t i o n  a f t e r  a  p e r io d  

o f  a n a e r o b io s i s ,  u s u a l l y  i n d i c a t e s  i n j u r y ,  and th e  r i s e  i s  p ro b a b ly  c a u se d  

by  a u t o l y t i c  a c t i o n s .

The s u g a r  c o n te n t  o f  p o ta to e s  seems to  show some c o r r e l a t i o n  w ith  

th e  r a t e  o f  a e r o b ic  r e s p i r a t i o n .  P o ta to e s  w ere s to r e d  a t  t h r e e  te m p e ra tu r e s ,  

22° C , ,  6 .5 °  C . ,  an d  2P C ., a p p ro x im a te ly .  T hose s to r e d  a t  th e  low  

te m p e r a tu r e  a c c u m u la te d  th e  m ost s u g a r ,  and  h a d  th e  h ig h e s t  a e r o b ic  

r e s p i r a t i o n  when rem oved  to  a  h ig h e r  te m p e r a tu r e .  Those s to r e d  a t  6 ,5 °  C, 

a c c u m u la te d  l e s s  s u g a r ,  and  showed a  l e s s  p ro n o u n ced  r i s e  i n  th e  r e s p i r a ­

t i o n .  The t u b e r s  s to r e d  a t  ZZo C . w ere u s e d  a s  c o n t r o l s .  P a r s n ip s  

a c c u m u la te d  some s u g a r  d u r in g  c o ld  s to r a g e ,  b u t  th e  r e s p i r a t i o n  r a t e  was 

n o t  in c r e a s e d  a t  s u b se q u e n t h ig h  te m p e r a tu r e .

The r e s u l t s  o b ta in e d  w i th  p o ta to e s  and  c a r r o t s  a f t e r  t r e a tm e n t  w ith  

e t h y l  b ro m id e  d i f f e r  from  th o s e  o f  M orkow in (1903) who found  t h a t  s t im u la n t s  

i n c r e a s e  th e  a e r o b ic  an d  a n a e ro b ic  r e s p i r a t i o n  in  th e  same p r o p o r t i o n s .  

T re a tm e n t w i th  e t h y l  b ro m id e  r e s u l t e d  i n  g r e a t e r  s t im u lu s  to  th e  a e r o b ic  

th a n  to  th e  a n a e ro b ic  r e s p i r a t i o n ,  b o th  i n  p o ta to e s  and  c a r r o t s .

Chudiakow  (1894) found  t h a t  th e  i / kt v a lu e s  rem a in ed  th e  same a t  

d i f f e r e n t  te m p e r a tu r e s .  W ith  th e  p o t a to e s  u s e d  i n  t h i s  p ro b lem , th e
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i/lT  v a lu e s  d e c r e a s e d  m ore r a p i d l y  a t  low  te m p e ra tu re s  th a n  a t  h ig h  

te m p e ra tu re *  On th e  o th e r  h a n d , th e  i/iT v a lu e s  o f  g re e n  sw eet c o m  

re m a in e d  h ig h e r  a t  th e  lo w e r  te m p e r a tu r e s .  The g r e a t e r  d e c re a s e  o f  th e  

i /N  v a lu e s  a t  h ig h  te m p e r a tu r e  may "be e x p la in e d  "by th e  f a c t  t h a t  t o x i c ,  

o r  i n h i b i t i n g ,  p r o d u c ts  o f  a n a e r o b ic  r e s p i r a t i o n  acc u m u la te  more r a p id l y  

a t  h ig h e r  te m p e r a tu r e  and  th u s  c a u se  a  m ore r a p id  d e c re a s e  i n  th e  i/lT  

v a lu e s *  Efo e x p la n a t io n  i s  a d v a n c e d  f o r  th e  c a se  when th e  i / u  v a lu e s  

d e c r e a s e  m ore r a p i d l y  a t  th e  low  te m p e ra tu re *

S m irn o f f  (K o s ty c h e v , 1927} found  t h a t  w ounding in c r e a s e d  b o th  ty p e s  

o f  r e s p i r a t i o n  t o  th e  same d e g r e e .  Lutmam (1926) d i s a g r e e d ,  f in d in g  

t h a t  w ounding  d id  n o t  s t im u la t e  th e  a n a e ro b ic  r e s p i r a t i o n  to  th e  same 

e x t e n t  as  i t  d id  th e  a e ro b ic *  The e x p e r im e n ts  c a r r i e d  o u t  i n  t h i s  work 

s u p p o r t  L utm an’ s c o n c lu s io n s *

The i n i t i a l  i n c r e a s e  i n  th e  r e s p i r a t i o n  o f  p o ta to e s  a f t e r  a  p e r io d  

o f  c o ld  s to r a g e  i s  more p ro n o u n ced  i n  th e  a e r o b ic  th a n  i n  th e  a n a e ro b ic  

r e s p i r a t i o n *

The th e o ry  o f  th e  g e n e t i c  c o n n e c t io n  o f  th e  a n a e ro b ic  and th e  

a e r o b i c  p h a s e s  o f  r e s p i r a t i o n  i s  b a s e d  i n  p a r t  on th e  f a c t  t h a t  th e  two 

p h a s e s  h av e  b e e n  fo u n d  to  re sp o n d  to  th e  same s t im u l i  i n  th e  same 

p r o p o r t i o n s .  The r e s u l t s  o f  some o f  th e  e x p e r im e n ts  m e n tio n e d  above 

show t h a t  t h e  two p h a s e s  o f  r e s p i r a t i o n  do n o t  a lw ays re sp o n d  i n  th e  

same d e g re e  to  c e r t a i n  s t im u l i*  3?or t h i s  r e a s o n ,  some o f  th e  e x p e r im e n ta l  

r e s u l t s  do n o t  s u p p o r t  t h e  th e o r y  o f  th e  g e n e t i c  c o n n e c tio n  o f  th e  

a n a e r o b ic  an d  a e r o b ic  p h a s e s  o f  r e s p i r a t i o n *
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SUMMARY

E x p o su re  t o  e t h y l  "bromide g a s ;  s to r a g e  i n  n i t r o g e n ;  w ounding; and 

a  p e r io d  o f  c o ld  s to r a g e  a l l  r e s u l t e d  i n  a  g r e a t e r  p r o p o r t i o n a l  in c r e a s e  

i n  t h e  a e r o b i c  r e s p i r a t i o n  o f  p o ta to e s  th a n  i n  th e  a n a e ro b ic  phase*

The i / u  v a lu e s  f o r  p o ta to e s  te n d e d  to  d e c re a s e  more r a p id l y  d u r in g  

r e s p i r a t i o n  a t  a  low  te m p e ra tu r e  th a n  a t  a  h ig h  te m p e ra tu re *

The i/lT  v a lu e s  d e c r e a s e d  m ore r a p id l y  a t  h ig h  th a n  a t  low te m p e ra tu re s  

i n  g r e e n  sw e e t c o rn ,  c a r r o t s ,  p a r s n ip s ,  and  to m ato es*

The a e r o b ic  r e s p i r a t i o n  o f  o n io n s  d id  n o t  show an  i n i t i a l  r i s e  a f t e r  

a  p e r io d  o f  c o ld  s to r a g e ,  b u t  was m a in ta in e d  a t  a  h ig h  r a te ^  w hereas th e  

a e r o b i c  r e s p i r a t i o n  o f  u n s to r e d  o n io n s  d e c re a s e d  s te a d i ly *  The a n a e ro b ic  

r e s p i r a t i o n  o f  o n io n s  was n o t s t im u la te d  by c o ld  s to ra g e *

The s u g a r  c o n te n t  o f  o n io n s  in c r e a s e d  s l i g h t l y  d u r in g  c o ld  s to r a g e .  

Tom ato f r u i t s  a t  th e  p in k  s ta g e  h ad  a  h ig h e r  a e ro b ic  r e s p i r a t i o n  

r a t e  th a n  g r e e n  o r  r e d  r i p e  f r u i t s .  G reen  f r u i t s  had  th e  h ig h e s t  a n a e ro b ic  

r e s p i r a t i o n  r a t e  a t  30° 0 . ,  b u t  th e  f r u i t s  i n  th e  p in k  s ta g e  had  th e  

h i g h e s t  r a t e  a t  5 .5 0  C* R ed r i p e  f r u i t s  h ad  th e  lo w e s t a n a e ro b ic  r a t e  

a t  30° G. a n d  h a d  a b o u t th e  seme a n a e ro b ic  r a t e  a t  5 .5 °  C. a s  g re e n  f r u i t *  

C a r r o t s  and  p a r s n ip s  b o th  h a d  c o m p a ra tiv e ly  h ig h  a n a e ro b ic  r e s p i r a t i o n  

r a t e s *  A t warm te m p e r a tu r e s ,  c a r r o t s  c o n s i s t e n t l y  l i b e r a t e d  more c a rb o n  

d io x id e  u n d e r  a n a e r o b ic  th a n  u n d e r  a e r o b ic  c o n d i t io n s *

P a r s n ip s  d id  n o t  show a  p ro n o u n ced  i n i t i a l  r i s e  i n  r e s p i r a t i o n  a f t e r

a  p e r io d  o f  c o ld  s t o r a g e .

The s u g a r  c o n te n t  o f  p a r s n ip s  in c r e a s e d  d u r in g  c o ld  s to ra g e *

T u rn ip s  d id  n o t hav e  a  h ig h  a n a e r o b ic  r e s p i r a t i o n ;  th e  i / l l  v a lu e s  

v a r i e d  from  *4 to  *8* The t u r n i p s  d id  n o t  w i th s ta n d  a n a e ro b ic  c o n d i t io n s

w e l l .
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G reen  sw ee t c o rn  h ad  e x tre m e ly  h ig h  r e s p i r a t i o n  r a t e s .  The a n a e ro b ic  

r e s p i r a t i o n  was much l e s s  th a n  th e  a e ro b ic *

T h e re  seem ed to  b e  a  te n d e n c y  to w a rd  h y d r o ly s is  o f  th e  c a rb o h y d ra te s  

i n  sw e e t c o rn  d u r in g  a n a e r o b ic  s to ra g e *  S y n th e s is  o f  h ig h e r  p o ly s a c c h a r id e s  

o c c u r r e d  i n  a e r o b i c  c o n d i t i o n s .

M a tu re  c o rn  a t  low  m o is tu re  p e r c e n ta g e s  h a d  v e ry  low  i / n v a lu e s*

As th e  m o is tu r e  c o n te n t  was in c r e a s e d ,  th e  i / k  v a lu e s  a ls o  in c r e a s e d ,  

i n d i c a t i n g  a  r e l a t i v e  in c r e a s e  in  th e  a n a e ro b ic  r e s p i r a t i o n  ov er th e  

a e r o b i c .

S o y b ean s h a d  a  v e ry  low a n a e ro b ic  r e s p i r a t i o n  a t  th e  m o is tu re  p e r ­

c e n ta g e s  u s e d ,  13 to  23 p e r  c e n t .
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S t i c h ,  C o n rad , 1891 . D ie  Athmung d e r  P f la n z e n  b e i  v e rw u n d e r te r  S a u e r s t o f f -  

spannung  und  b e i  Y e r le tz u n g e n .  F lo r a  7 4 :1 -5 7 .



■95-

S t i l e s ,  W. and  U. Leach* 1932* R e s p i r a t io n  i n  p l a n t s .  VTI 124 p*

M ethuen and  Co* 36 E s se x  S t .  U. C* London.

S to k la s a ,  J . ,  A . E r n e s t ,  und  K. Chocensky* 1 907 . U ber d ie  A naerobe

Atmung d e r  S am en p flan zen  und  u b e r  d ie  I s o l i e r u n g  d e r  Atmungs 

enzym e. B e r .  d e u t .  h o t .  G es. 2 5 :1 2 2 -1 3 1 .

W ortm an, J .  1880 . U eber d ie  B ez ieh u n g en  d e r  in t r a m o le k u la r e n  zu r n o rm alen  

Athmung d e r  P f la n z e n .  A rb e i te n  des b o t .  I n s t ,  i n  ¥ u rz b u rg , 

2 :5 0 0 -5 2 0 . '
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