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SUMMARY

The t h e s i s  r e p o r t s  an  i n v e s t i g a t i o n  o f  t h e  e f f e c t s  o f  v o l a t i l e  

m e t a b o l i t e s  p ro d u c e d  by  c u l t u r e s  o f  a  r a n g e  o f  s p e c i e s  o f  T r ic h o d e rm a  

on t h e  g ro w th  o f  some o t h e r  f u n g i  i n  a g a r  c u l t u r e  and  on some b a c t e r i a  

i n  a g a r  c u l t u r e  and  i n  s o i l .

The e f f e c t s  o f  t h e  c u l t u r e  g a s e s  on o t h e r  s p e c i e s  o f  f u n g i  c o u ld  

b e  a c c o u n te d  f o r  by  t h e  am ounts o f  c a rb o n  d i o x id e  p ro d u c e d  by  t h e  

T r ic h o d e rm a  c u l t u r e s  i n  t h e  c o n d i t i o n s  u s e d .  The d i f f e r e n c e s  b e tw e e n  

t h e  e f f e c t s  o f  d i f f e r e n t  s p e c i e s  c o u ld  b e  a c c o u n te d  f o r  b y  d i f f e r e n c e s  

i n  t h e  r a t e  o f  p r o d u c t i o n  o f  CO^ i n  t h e  e a r l y  s t a g e s  o f  i n t e r a c t i o n s .

The am ounts o f  a c e t a ld e h y d e  and  o f  e t h a n o l  p ro d u c e d  c o u ld  a l s o  c o n t r i b u t e  

t o  t h e  e f f e c t s  i n  some c o n d i t i o n s .  No o t h e r  m e t a b o l i t e s  w ere  fo u n d  i n  

s u f f i c i e n t  c o n c e n t r a t i o n s  t o  a f f e c t  t h e  i n t e r a c t i o n s ;  t h i s  does  n o t  

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

t o  t h e  i n t e r a c t i o n s  i n  t h e  c o n d i t i o n s  exam ined . T hose  i d e n t i f i e d  w ere  

a l l  p r im a ry  m e t a b o l i t e s ;  s m a l l  c h a n g e s  i n  t h e  e n v iro n m e n t  m ig h t  a l s o  

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

c o n s t i t u e n t s  o f  t h e  c u l t u r e  gas  c lo u d .  T h is  c o u ld  r e s u l t  i n  d i f f e r e n c e s  

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

The e f f e c t s  o f  t h e  T r ic h o d e rm a  c u l t u r e  g a s e s  on f i v e  s p e c i e s  o f  p l a n t  

p a th o g e n i c  b a c t e r i a  w ere  s t r o n g l y  a f f e c t e d  by  t h e  medium and  c o n d i t i o n s  

i n  w h ich  t h e  t e s t s  w ere  c a r r i e d  o u t .

The t e c h n i q u e s  d i d  n o t  r e v e a l  any  e f f e c t s  o f  T r ic h o d e rm a  c u l t u r e  

g a s e s  on b a c t e r i a l  g ro w th  on B o u i l l o n  a g a r  o r  c l a y  s o i l .  I n  t e s t s  w i t h  

a u t h e n t i c  m a t e r i a l ,  E r w in ia  t r a c h e i p h i l a  was fo u n d  t o  b e  i n h i b i t e d  b y  

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

i n h i b i t  E . a r o i d e a e ; b u t  i n  t h ^ % a s e s  t h e  i n h i b i t o r y  c o n c e n t r a t i o n s  w ere  

g r e a t e r  t h a n  t h o s e  fo u n d  i n  T r ic h o d e rm a  c u l t u r e  g a s e s .  I n  o t h e r  s o i l  

c u l t u r e s  t h e  T richoderm a. c u l t u r e  g a s e s  i n h i b i t e d  t h e  b a c t e r i a .  The 

i n h i b i t i o n  was g r e a t e s t  on a  loam  s o i l  and  l e s s  on a  s a n d ,  and  g r e a t e r  

w i t h  E . t r a c h e i p h i l a  t h a n  w i t h  E . a r o i d e a e . By t e s t s  w i t h  a u t h e n t i c  m a t e r i a l  

i n  t h e  c o n c e n t r a t i o n s  fo u n d  i n  T r ic h o d e rm a  c u l t u r e  g a s e s ,  i t  was shown t h a t



I l l

e f f e c t s  and  t h e  d i f f e r e n c e s  b e tw e e n  t h e  e f f e c t s  o f  g a s e s  from  c u l t u r e s  

o f  T . v i r i d e  1 and  T . l o n g i b r a n c h i a t u m  WBC 4-576 c o u ld  b e  a c c o u n te d  f o r  by  

t h e  am ounts 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  d i f f e r e n t  c o n d i t i o n s .



GENERAL INTRODUCTION



GENERAL INTRODUCTION '

P r e v io u s  work i n  t h i s  d e p a r tm e n t  an d  e l s e w h e r e  h a s  sho\m  t h a t  c u l t u r e s  

o f  T r ic h o d e rm a  s p e c i e s  may p r o d u c e  v o l t a i l e  m e t a b o l i t e s  w h ic h  c a n  a f f e c t  t h e  

g ro w th  o f  o t h e r  l i v i n g  t h i n g s .  V a r io u s  s p e c i e s  and  s t r a i n s  d i f f e r  i n  t h i s  

c h a r a c t e r .

T h is  t h e s i s  r e p o r t s  on an  i n v e s t i g a t i o n  o f  t h e s e  d i f f e r e n c e s  i n  

b i o l o g i c a l  a c t i v i t y  on a  s e l e c t i o n  o f  s o i l  f u n g i ,  and  an  e x t e n s i o n  o f  t h e  

s tu d y  i n t o  t h e i r  e f f e c t s  on s o m e 'p h y to p a th o g e n ic  s o i l  b a c t e r i a .

The f i r s t  p a r t  c o m p r i s e s  an  e x a m in a t io n  o f  t h e  e f f e c t s  on f u n g i ,  i t  

f o l l o w s  t h e  se q u e n c e  o f :

( a )  D e m o n s t r a t io n  o f  t h e  e f f e c t s  o f  c u l t u r e  g a s e s .

(b )  A n a l y s i s  o f ‘ c u l t u r e  g a s e s  b y  G .L .C .

( c )  T e s t s  o f  e f f e c t s  o f  m i x t u r e s  o f  a u t h e n t i c  m a t e r i a l  o f  i d e n t i f i e d  

m e t a b o l i t e s  i n  a i r  i n  cone e n t r â t i o n s c o m p a ra b le  t o  t h o s e  fo u n d  i n  

c u l t u r e  g a s e s .

T hese  t e s t s  a r e  c a r r i e d  o u t  i n  d e t a i l  f o r  two r e p r e s e n t a t i v e  s p e c i e s  o f  

T r ic h o d e r m a , t h e n  e x te n d e d  i n  v a r y i n g  d e p th  t o  a  r a n g e  o f  o t h e r  s p e c i e s .

The se c o n d  p a r t  c o m p r i s e s  a  s i m i l a r  e x a m in a t io n  o f  t h e  e f f e c t s  on 

b a c t e r i a ,  and  i t  i s  e x te n d e d  i n t o  a  s tu d y  o f  t h e  e f f e c t s  i n  s o i l  a s  w e l l  

a s  on a g a r  m ed ia .

The a p p e n d ic e s  g iv e  some e x p e r i m e n t a l  work i n v o lv e d  i n  t h e  d e s i g n  o f  

s u i t a b l e  t e s t  a p p a r a t u s ,  and  t h e  d e t a i l e d  e x p e r i m e n t a l  m ea su rem e n ts  w h ich  

w ere  made t h r o u g h o u t .

A r e p o r t  on t h e  f i r s t  p a r t  h a s  b e e n  a c c e p t e d  f o r  p u b l i c a t i o n  ( c f .

T r a n s .  B r .  % c o l .  Soc . v o l . 6 4 (3 )  a 1975-, I n  P r e s s ) .
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INTRODUCTORY REVIEW

F r i e s  (1973) and  H u tc h in s o n  (1973) h av e  r e v ie w e d  t h e  e a r l i e r  w ork 

on t h e  e f f e c t s  o f  v o l a t i l e  f u n g a l  m e t a b o l i t e s  on t h e  g ro w th  and  o t h e r  

d e v e lo p m en t  o f  o t h e r  l i v i n g  t h i n g s .  T hese  r e v ie w s  a r e  c o m p re h e n s iv e  

an d  r e c e n t ,  and  i t  seems i n a p p r o p r i a t e  t o  c o v e r  t h e  same g ro in .d  a g a i n .  ■

T h is  i n t r o d u c t i o n  w i l l  t h e r e f o r e  b e  r e s t r i c t e d  t o  a  c r i t i c a l  summary 

and  c o m p a r iso n  o f  t h e s e  r e v ie w s  and  an  e x t e n s i o n  i n t o  t h e  work on 

e f f e c t s  on b a c t e r i a .

H u tc h in s o n  d e a l s  o n l y  w i t h  m e t a b o l i t e s  l i b e r a t e d  by  f u n g i .  He 

p r e s e n t s  t h e  r e v i e w  u n d e r  t h e  th em es  o f  t h e  e f f e c t s  o f  known v o l a t i l e  

p r im a r y  m e t a b o l i t e s  and  t h o s e  o f  known v o l a t i l e  s e c o n d a r y  m e t a b o l i t e s  

o r  o f  u n i d e n t i f i e d  v o l a t i l e  f a c t o r s .  " P r im a ry  m e t a b o l i t e s "  i s  u s e d  

t o  r e f e r  t o  t h o s e  p ro d u c e d  by  and  s u b s e q u e n t ly  i n v o lv e d  i n  t h e  common 

p r o c e s s e s  o f  e n e rg y  ex ch an g e  an d  s y n t h e s i s  o f  a l l  s u b s t a n c e .  He p o i n t s  

o u t  t h a t ,  a s  t h e s e  p r o c e s s e s  a r e  b e l i e v e d  t o  f o l l o w  t h e  same pa thw ays  i n  

a l l  l i v i n g  t h i n g s ,  many o f  t h e s e  m e t a b o l i t e s  a r e  l i k e l y  t o  be p r e s e n t  i n  

m ost l i v i n g  e n v i r o n m e n t s ,  t o  b e  p r o d u c e d  by  l i n k e d  r e a c t i o n s ,  and  t o  show 

p a t t e r n s  o f  a c t i v i t y  w h ich  may s u p p o r t  w id e ly  a p p l i c a b l e  g e n e r a l i s a t i o n s .  

" S e c o n d a ry  m e t a b o l i t e s "  r e f e r s  t o  t h e s e  p r o d u c e d  by  l i v i n g  c e l l s  w hich  

h a v e  no known f u n c t i o n  i n  s u b s e q u e n t  m e ta b o l i s m .  They may b e  p r o d u c e d  

b y  u n u s u a l  c h a n g e s  i n  b a s i c  m e ta b o l i s m  o r  by  i d i o s y n c T r a t i c  p r o c e s s e s ;  

h e n c e  t h e y  may be  u n i q u e l y  i n t e r e s t i n g  com pared  w i t h  p r im a r y  m e t a b o l i t e s  

b u t  t h e y  a r e  l e s s  l i k e l y  t o  b e  p r e s e n t  i n  m ost l i v i n g  e n v i ro n m e n ts  and  

] e s 8  l i k e l y  b e  a  b a s i s  f o r  w i d e ly  a p p l i c a b l e  g e n e r a l i s a t i o n s .

He a l s o  d i s t i n g u i s h e s  b e tw e e n  r e c o r d g o f  i n v e s t i g a t i o n s  i n  c l o s e l y  

c o n t i o i l e d  l a b o r a t o r y  c o n d i t i o n s ,  and  t h o s e  o f  a n a l y s e s  o f  l e s s  c o n t r o l l e d  

f i e l d  c o n d i t i o n s .  He p o i n t s  o u t ,  h o w e v e r ,  t h a t  i t  c o u ld  be  m i s l e a d i n g  

t o  r e s t r i c t  t h e  c o n s i d e r a t i o n  t o  c a s e  i n  w h ich  c o n c e n t r a t i o n s  o f  g a s e o u s  

m e t a b o l i t e  i n  a i r  s p a c e s  above  f u n g a l  c o l o n i e s  have  b e e n  known t o  c o n t r i b u t e  

t o  b i o l o g i c a l  i n t e r a c t i o n s .  T h i s  w ou ld  n o t  p e r m i t  p r o p e r  em p h a s is  t o  be  

p u t  on t h e  i n t e r e s t i n g  c a s e s  i n  w h ich  b i o l o g i c a l  e f f e c t s  o f  c u l t u r e  g a s e s  

have  b e e n  c o r r e l a t e d  w i t h  t h e  a n a l y s i s  o f  p o t e n t i a l  a c t i v i t y  o f  v o l a t i l e  

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

i s  o n ly  an  e x a m in a t io n  o f  " p o t e n t i a l s " .  How f a r  su c h  p o t e n t i a l s  a r e  

e x p r e s s e d  i n  an  e c o s y s te m  w i l l  depend  on t h e  b a l a n c e  w h ich  d e v e lo p s  b e tw e e n  

p r o d u c t i o n  and  rem o v a l  o f  t h e  m e t a b o l i t e  and  t h e  s e n s i t i v i t y  o f  t h e  o rg a n is m s  

c o n c e r n e d .  Hence t h i s  d i s c u s s i o n  o f  e a ch  m e t a b o l i t e  c o v e r s : -

(1 )  R e c o rd s  o f  i t s  e f f e c t s  on f u n g i  and  on o t h e r  o r g a n is m s  i n  

c o n t r o l l e d  c o n d i t i o n s  i n  c o n c e n t r a t i o n s  known t o  be  p ro d u c e d  

b y  f u n g i .

( 2 ) R eco rd s  o f  t h e  e x i s t e n c e  o r  l i k e l y  e x i s t e n c e  o f  c o n d i t i o n s  

w h ich  c o u ld  s u p p o r t  s u c h  a c t i v i t y  i n  l e s s  c o n t r o l l e d  

e n v i ro n m e n ts  i n  w h ic h  f u n g i  a r e  l i k e l y  t o  g row , an d  o f  

known e f f e c t s  o f  su c h  compounds on t h e  e c o lo g y  o f  f u n g i  i n  

t h e s e  c o n d i t i o n s .

PRIMARY METABOLITES

He d i s c u s s e s  CO^ s e p a r a t e l y ,  b e c a u s e  o f  i t s  u n i v e r s a l  o c c u r r e n c e  

i n  l i v i n g  e n v i r o n m e n ts .  At h i g h e r  c o n c e n t r a t i o n s  i t  i s  g e n e r a l l y  

i n h i b i t o r y ;  a  l a r g e  p r o p o r t i o n  o f  t h e  f u n g i  t e s t e d  h av e  b e e n  i n h i b i t e d  

b u t  n o t  k i l l e d  u n d e r  a b o u t  10% t o  20% v o lu m e / volume o f  CO^ i n  a i r .

The g as  may a f f e c t  t h e  t y p e  o f  g ro w th  a s  w e l l  a s  t h e  a m oun t ,  and  i t s  

e f f e c t s '  maybe g r e a t l y  l i m i t e d  b y  t h e  b a l a n c e s  o f  o t h e r  f a c t o r s  i n  t h e  

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

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

i n  d i s t r i b u t i o n  i n  d e p th .  I n t e r e s t i n g  a p p l i c a t i o n s  o f  t h e  e f f e c t s  have  

b e e n  d e v e lo p e d  i n  c o m m e rc ia l  m e th o d s  o f  f r u i t  s t o r a g e .

The o t h e r  m ain  p r im a r y  m e t a b o l i t e s  a r e  a c e t a l d e h y d e , e t h a n o l ,  a c e t o n e ,  

e t h y l  a c e t a t e ,  n - p r o p a n o l ,  i s o b u t a n o l  and  p e n t a n o l s .  T h e re  a r e  many

exam ples  o f  c a s e s  i n  w h ich  e a ch  o f  t h e s e  s u b s t a n c e s  may b e  p ro d u c e d  by  

f u n g a l  c u l t u r e s  i n  c o n c e n t r a t i o n s  w h ic h  may a f f e c t  t h e  growbh o f  o t h e r  

l i v i n g  t h i n g s  i n  t h e  e n v i r o n m e n t .  He e m p h a s i s e s ,  h o w e v e r ,  t h e  p ro b le m  o f  

i d e n t i f y i n g  t h e  e f f e c t s  o f  any  p a r t i c u l a r  c o n s t i t u e n t  o f  a  m ix t u r e  i n  w h ich
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a l l  a r e  p ro d u c e d  by  l i n k e d  r e a c t i o n s .  I n  many c a s e s  i t  seems l i k e l y

t h a t  t h e  m a jo r  e f f e c t s  o f  su c h  m i x t u r e s  may be  due t o  t h e  CO^ c o n t e n t ,

b u t  t h e  p r e c i s e  p r o p o r t i o n s  w i l l  v a r y  g r e a t l y .  S i m i l a r l y  e n v i r o n m e n ta l  

f a c t o r s  may change  t h e  p r o p o r t i o n s  o f  m ix t u r e s  a f t e r  t h e y  h av e  b e e n  

l i b e r a t e d  from  c e l l s ,  e . g .  by  d i f f e r e n t i a l  e f f e c t s  on s o l u t i o n  o r  o t h e r  

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

f rom  t h e  s i t e  o f  o r i g i n  t o  t h e  s i t e  o f  r e a c t i o n .

He p r e s e n t s  s e p a r a t e  d i s c u s s i o n s  o f  w ork on a v a r i e t y  o f  s e c o n d a r y  

m e t a b o l i t e s ,  t h e  c h o ic e  o f  s u b s t a n c e s  and  o r d e r  o f  d i s c u s s i o n  b e i n g  b a s e d  

m o s t ly  on t h e  amount known a b o u t  e a c h .  T h is  i n c l u d e s  r e p o r t s  on HCH 

a s  a  common m e t a b o l i t e ,  on a  v a r i e t y  o f  p a r t l y  i d e n t i f i e d  odo rous  ' compounds 

w h ich  h a v e  b e e n  i m p l i c a t e d  i n  i n t e r a c t i o n s  w i th  i n s e c t s  i n  p a r t i c u l a i u n d  on 

t h e  com plex  and  u n e x p la i n e d  phenomena a s s o c i a t e d  w i t h  some Phycoraycetefe 

r e p r o d u c t i o n .  He comments on r e p o r t s  t h a t  e t h y l e n e  i s  a  common p r o d u c t  

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

s u r v e y s  r e p o r t e d  do es  n o t  e n a b le  one t o  d i s t i n g u i s h  b e tw e e n  p r o d u c t s  o f  h e a l t h y  

c e l l s  and  t h o s e  from  damaged c e l l s  o r  t h o s e  i n  s t a r v a t i o n  c o n d i t i o n s .  He a l s o

comments on t h e  p ro b le m s  o f  d e t e r m i n i n g  how much o f  t h e  e t h y l e n e  p ro d u c e d

d u r in g  d i s e a s e  d e v e lo p m en t  i s  p ro d u c e d  by  h o s t  c e l l s  and  how much by  fun g u s  

c o n c e r n e d .

The r e p o r t  by  F r i e s  d i f f e r s  f rom  t h a t  b y  H u tc h in s o n  i n  two m ain  w a y s : -

( a )  He d i s c u s s e s  v o l a t i l e  p r o d u c t s  from  f u n g i ,  v o l a t i l e  p r o d u c t s  f rom  

o t h e r  l i v i n g  p l a n t s  and  v o l a t i l e  p r o d u c t s  f rom  dead  m a t e r i a l  o f  

h i g h e r  p l a n t s ,  p a r t i c u l a r l y  wood, and  he shows many exam ples  o f  a l l  

t h e s e  s u b s t a n c e s  a f f e c t i n g  t h e  g ro w th  and  d e v e lo p m en t  o f  f u n g i ,  

p a r t i c u l a r l y  i n  s o i l .

(b )  He p u t s  more e m p h a s is  on t h e  b i o c h e m ic a l  m echanism s i n v o l v e d  i n  

t h e i r  p h y s i o l o g i c a l  e f f e c t s .  He comments on t h e  s t i m i H a t i o n s  

o f  g ro if th  and  d e v e lo p m en t  b e in g  "more p u z z l i n g  and  t h u s  more

i n t e r e s t i n g ,  t h e n  t h e  i n h i b i t i o n s  ..............   t h e  p a r t i c u l a r l y  i n t r i g u i n g

q u e s t i o n  i s  how compounds a s  s im p le  and  t r i v i a l  a s  t h e s e  a l i p h a t i c  

a c i d s ,  a ld e h y d e s  and  a l c h o h o l s  c an  c a u s e  an  i n c r e a s e  i n  g ro w th  t h a t  

i s  open q u i t e  o u t  o f  p r o p o r t i o n t o  t h e i r  s m a l l  a c t i v é  q u a n t i t i e s , "



He s t a t e s  t h a t  " . . . o n e  c o u ld  c h a r a c t e r i s e  many, i f  n o t  m ost o f  t h e s e  

compounds as  r e g u l a t o r s  o f  i n t e r m e d i a r y  m e ta b o l i s m ."  He m e n t io n s  a s  

exam ples

(1 )  a c t i v a t i o n  ( o r  b l o c k i n g )  o f  an  enzyme r e a c t i o n ;

( 2 ) rem o v a l  o r  n e u t r a l i z a t i o n  o f  an  i n h i b i t o r ;

( 3 ) i n f l u e n c i n g  n u t r i e n t  u p t a k e  from  t h e  medium;

(4 )  a c t i o n  as  a  d e r e p r e s s o r  o r  o t h e r w i s e  a f f e c t i n g  enzyme 

s y n t h e s i s  a t  t h e  n u c l e a r  o r  r ib o s o m a l  l e v e l ;

( 5 ) c h a n g in g  membrane s t r u c t u r e ;

(6 )  s u b s t i t u t i o n  o f  a  l i m i t i n g  f a c t o r  i n  i n t e r m e d i a r y  m e ta b o l i s m .

He i l l u s t r a t e s  f u r t h e r  c a s e s  i n  w h ich  t h e s e  s u b s t a n c e s  h av e  b e e n  shown 

t o  b e  a c t i v e  i n  e c o lo g y  i n  t h e  f i e l d .  B o th  a u t h o r s  h av e  r a i s e d  t h e  q u e s t i o n  

o f  t h e  v a lu e  o f  b a s i n g  d i s c u s s i o n  o r  s tu d y  on t h e  p r o p e r t y  o f  v o l a t i l i t y .

They n o t e  t h a t  " o u t s i d e  t h e  c e l l  t h e  d i s t i n c t i o n  b e tw e e n  v o l a t i l i t y  and  

n o n - v o l a t i l i t y  i s  o n ly  q u a l i t a t i v e  i n  t h e  m ag n i tu d e  o f  t h e  v a p o r  p r e s s u r e s  

i n  p a r t i c u l a r  c o n d i t i o n s .  They a g r e e ,  ho w ev er ,  t h a t  i t  h a s  b e e n  a u s e f u l  

c o n c e p t  i n  p r a c t i c e ,  p a r t i c u l a r l y  i n  t h e  fo l lo w in g ^ w a y s  : ( a )  The a b i l i t y  

t o  a p p ro a c h  an o rg a n is m  t h r o u g h  t h e  gas  p h a s e  may be  p a r t i c u l a r l y  r e l e v a n t  

f o r  t h a t  m a j o r i t y  o f  f u n g i  t h a t  d e v e lo p  p a r t  o f  t h e i r  m yce lium  and  t h e i r  

e n t i r e  r e p r o d u c t i v e  s t r u c t u r e  i n  a i r  above  wet o r  l i q u i d  s u b s t r a t e s ;  (b )  

many l i p o p h i l i c  compounds p r o d u c e d  d i r e c t l y  i n t o  t h e  a i r  an d  a lm o s t  i n s o l u b l e  

i n  w a t e r  may, even a t  some d i s t a n c e  from  a  dono r  's o u r c e ,  a c c u m u la te  f a s t e r

i n  t h e  p la s m a  membrane o f  an  a c c e p t o r  c e l l  i f  t h e  t r a n s f e r  t a k e s  p l a c e  v i a
V

t h e  gas  p h a s e  i n s t e a d  o f  v i a  t h e  l i q u i d  p h a s e ;  ( c )  d u r i n g  movement i n  t h e  

g a s  p h a s e ,  m e t a b o l i t e s  w i l l  b e  e x p o se d  o n ly  t o  g a s e o u s  and  p h y s i c a l  i n 

a c t i v a t i n g  o r  s t i m u l a t i n g  f a c t o r s .  T h o se  d i f f u s i n g  i n  com plex  l i q u i d  

s o l u t i o n s  a r e  l i k e l y  t o  be  e x p o s e d  t o  m ore c o n c e n t r a t e d  c h e m ic a l  i n a c t i v a t i n g  

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

i n  w a t e r  f i l m s ;  (d )  b e c a u s e  t h e  s u b s t a n c e s  a r e  a c t i v e  a s  g a s e s ,  t h e y  a r e  

l i k e l y  t o  be  r e l a t i v e l y  s im p le  m o l e c u l e s ;  w i th  m odern m ethods  t h e i r  

i d e n t i f i c a t i o n  i s  p r o b a b l y  l e s s  o f  a  p ro b le m  t h a n  t h e i r  m easu rem en t  and  

c o n t r o l ;  t h i s  l e a d s  t o  a  common e x p e r i m e n t a l  a p p r o a c h ,  p a r t i c u l a r l y  f o r  

t h e i r  c h e m i s t r y ;  ( e )  t h e  v e r y  low  c o n c e n t r a t i o n s  i n  w h ic h  some o f  t h e  

i d e n t i f i e d  o nes  a r e  a c t i v e  s u g g e s t s  a  c o m p a r iso n  w i t h  a n t i b i o t i c s ,  g ro w th  

f a c t o r s  and  v i t a m i n s ,  a l l  a r e a s  o f  know ledge  i n  w h ich  a  l o o s e l y  d e f i n e d  

c o n c e p t  h a s  p ro m o te d  i n q u i r y  and  d i s c o v e r y ;  ( f )  p e r h a p s  t h e  m ost i m p o r t a n t  

p r a c t i c a l  p o i n t  ; t h a t  t h e i r  v o l a t i l i t y  l e a d s  t o  im perm anence  i n  p a r t i c u l a r  

s i t u a t i o n s ,  and  t o  r i s k s  o f  e s c a p e  from  o b s e r v a t i o n . "  (Q uo ted  from  

H u t c h in s o n ,  1 9 7 3 ,  p . 2 2 3 . )



EFFECTS ON BACTERIA

The e f f e c t s  o f  v o l a t i l e  m e t a b o l i t e s  i n  g e n e r a l  on b a c t e r i a  h a v e  b e e n  

s t u d i e d  even  l e s s  i n t e n s i v e l y  t h a n  t h e i r  e f f e c t s  on f u n g i .

A b i g  p r o p o r t i o n  o f  t h e  s t u d i e s  w h ic h  h av e  b e e n  made r e l a t e  t o  t h e  

e f f e c t s  o f  COg. A c l a s s i c a l  r e p o r t  was made b y  P a s t e u r  an d  J o u b e r t  ( i 8TT) ; 

F r a n k e l  ( I 8 8 9 ) d e m o n s t r a t e d  t h a t  an a l k a l i n e  g e l a t i n e  medium becam e a c i d  

when e x p o s e d  t o  CO^, an d  V a l l e y  an d  R e t t g e r  ( 192T ) ,  c o n c lu d e d  t h a t  t h e  

b a c t e r i o s t a t i c  o r  b a c t e r i c i d a l  e f f e c t s  o f  CO^ on 109 d i f f e r e n t  s p e c i e s  

w e re  due t o  t h e s e  e f f e c t s  on t h e  pH o f  t h e  medium; t h e y  a l s o  showed t h a t

s m a l l  am ounts o f  CO^ w ere  n e e d e d  f o r  t h e  n o rm a l  g ro w th  o f  a l l  t h e  s t r a i n s

w h ic h  t h e y  exam ined . O th e r s  h a v e  fo u n d  t h a t  CO^ may h av e  s p e c i f i c  

e f f e c t s  w h ich  a r e  d i s t i n c t  f rom  i t s  e f f e c t s  on pH, e . g .  S t a l o n s  e t  a l .

(19T4) c o n c lu d e d  t h a t  t h e  grovrbh o f  a n a e r o b i c  b a c t e r i a l  p a th o g e n s  c a n  be  

s t i m u l a t e d  b y  a d d i t i o n  o f  up t o  5% 00^ t o  a  m ix t u r e  o f  H^ and  N^ an d

i n h i b i t e d  by  t h e  a d d i t i o n  o f  1 0 % 00^ ,  and  t h a t  t h i s  e f f e c t  i s  n o t

c o r r e l a t e d  d i r e c t l y  w i t h  any pH c h a n g e  i n  t h e  medium.

CO^ h a s  a  b e n e f i c i a l  e f f e c t  on t h e  g ro w th  o f  many o rg a n is m s  i n  

c o n c e n t r a t i o n s  up t o  10%. D a v ie s  ( l 9 4 o )  showed m ost '  g ro w th  o f  

M y c o b ac te r iu m  t u b e r c u l o s i s  was optim um  when e x p o s e d  t o  c o n c e n t r a t i o n  o f  

2 . 5% COg v o lu m e /v o lu m e ,  w h e re a s  20% CO^ i n h i b i t e d  t h e  t h r e e  s t r a i n s  o f  t h i s  

s p e c i e s  was t e s t e d .  - - He ,, b e l i e v e d  t h a t  t h e  e f f e c t  on g ro w th  i s  due

t o  a  s p e c i f i c  a c t i o n  o f  CO^ i t s e l f  and  n o t  due t o  t h e  p r e s e n c e  o f  a  p a r t i c u l a r  

c o n c e n t r a t i o n  o f  i o n s  i n  t h e  medium. S c h a e f e r  e t  a l . (1955 )  fo u n d  t h a t

c o n c e n t r a t i o n s  o f  0 . 03%, 1 % and  1 0% CO^ had  no s i g n i f i c a n t  e f f e c t  on g ro w th  

o f  t h e s e  b a c t e r i a .  Most w o r k e r s  a g r e e d ,  h o w e v e r ,  t h a t  common c o n c e n t r a t i o n s  

up t o  1 0 % COg may s t i m u l a t e  t h e  g ro w th  o f  b a c t e r i a  b u t  above  t h i s  l e v e l  CO^ 

may i n h i b i t  t h e  growbh (R o c k w e l l  & H i g h b e r g e r ,  192%; Whitcomb e t  a l ,* 1962  ; 
J a m e s -H o lm q u e s t  e t  a l . , 1 9 7 3 ;  M a r s h a l l  e t  a l . , 1 9 7 3 ) .

S i m i l a r l y  t h e  e f f e c t s  o f  CO^ on b a c t e r i a  i n  s o i l  t h r o u g h  c h a n g in g  t h e  

pH h a v e  b e e n  d i s t i n g u i s h e d  from  s p e c i f i c  e f f e c t s  o f  t h e  g a s  i t s e l f  ( R u s s e l l ,  

1 9 6 8 ) ,  G e n e r a l ly  s o i l  b a c t e r i a  h a v e  b e e n  fo u n d  t o  be  l e s s  s e n s i t i v e  t h a n  

f u n g i  t o  COg; d i f f e r e n c e s  i n  c o n c e n t r a t i o n  a s s o c i a t e d  w i t h  w a t e r  l o g g i n g  

and  a n a e r o b i o s i s , and  w i t h  d i f f e r e n c e s  i n  t h e  d e p th  o f  t h e  s o i l ,  h a v e  n o t  h a d



g r e a t  e f f e c t s  on t h e  " b a c t e r i a l  p o p u l a t i o n  (L e a c h ,  1 9 ^ 0 ;  G r i f f i n ,  1 9 6 3 ( a ) ,

1 9 7 2 ) .

T h e r e  i s  v e r y  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  on t h e  e f f e c t s  o f  h i g h  

c o n c e n t r a t i o n s  o f  CO^ on p h y t o p a t h o g e n i c  b a c t e r i a .  K ing  ( 1 9 6 6 ) fo u n d  t h a t  

c o n c e n t r a t i o n s  o f  50% v o lu m e / volum e 00^ i n  a i r  w e re  s t i m u l a t o r y  t o  t h e  

g ro w th  o f  Pseudom onas a e r u g i n o s a  (S c h .)  M ig u la .  Most r e c e n t l y ,  W e lls  (1 9 7 ^ )5  

r e p o r t e d  on t h e  e f f e c t s  o f  h i g h  c o n c e n t r a t i o n s  o f  CO^ an d  lo w e r  c o n c e n t r a t i o n s  

o f  Og, an d  a  c o m b in a t io n  o f  low  0^  an d  h i g h  00^ c o n c e n t r a t i o n s  on g ro w th  o f  

s p e c i e s  o f  E r w i n i a  and  Pseudom onas i n  c u l t u r e .  He f o u n d  t h a t  t h e  g ro w th  

o f  E r w i n i a  a t r o s e p t i c a , E . c a r o t o v o r a  an d  P . f l u o r e s c e n s  »was I n h i b i t e d  when 

e x p o s e d  t o  a tm o s p h e re s  c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  CO^ above  

10% and  e i t h e r  3% o r  21% 0 ^ .  The a d d i t i o n  o f  30% CO^ t o  a i r  above  

c u l t u r e s  r e d u c e d  t h e  g ro w th  t o  1 5 % t o  34% o f  t h a t  i n  a i r .

OTHER COMPOUNDS
J,...

F o r  c o n v e n ie n c e  d i s c u s s i o n  o f  t h e  o t h e r  compounds i s  g ro u p e d  i n t o  t h e  

f o l l o w i n g  t h e m e s : -

( i )  V o l a t i l e  a u t h e n t i c  C h e m ic a ls  i n  s o i l  ~ s L e r i l i z a t i o n .

A b i g  r a n g e  o f  compounds h a v e  b e e n  s t u d i e d ;  many a r e  knoim t o  be  

p r o d u c e d  b y  M i c r o b i a l  c e l l s ,  b u t  t h e  c o n c e n t r a t i o n s  i n  w h ic h  t h e y  a r e  

u s u a l l y  p r o d u c e d  a r e  n o t  l i k e l y  t o  a f f e c t  t h e  g ro w th  o f  o t h e r ^ o r g a n i s m s ,  

( e . g .  D a l to n  & H u r w i t z i ,  1 9 4 8 ;  K r e u t z e r ,  1 9 6 3 ;  R u s s e l l ,  I 9 6 8 ) .  K holodny  

an d  h i s  c o - w o r k e r s  (1 9 4 3 -1 9 4 5 )  showed t h a t  t h e  a p p l i c a t i o n  o f  e t h a n o l ,  

m e t h a n o l ,  i s o - b u t o n a l ,  a c e t o n e ,  m e th a n e ,  n a p h t h a l e n e  " p a r a f f i n "  and  " p in e  

g a l l i p o t "  a s  \ a p o u r s  t o  s o i l  a f f e c t e d  t h e  b a c t e r i a l '  p o p u l a t i o n .  5% t o  

10% e t h a n o l  s t i m u l a t e d  t h e  g ro w th  o f  s p e c i e s  o f  C o r y n e b a c t e r iu m  and  o f  

A z a t o b a c t e r . The s p e c i e s  o f  t h e s e  b a c t e r i a  w ere  i n h i b i t e d  b y  h i g h e r  

c o n c e n t r a t i o n s .  Many common s o i l  f u m ig a n t s  a p p a r e n t l y  h a v e  r e l a t i v e l y  

l i t t l e  i n h i b i t o r y  e f f e c t  on  t h e  b a c t e r i a l  p o p u J .a t io n  i n  t h e  c o n c e n t r a t i o n s  

i n  w h ic h  t h e y  a r e  commonly u s e d ;  e . g .  m e th y l  b r o m id e ,  c h l o r o p i c r i n  and  

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

Klemmer (19 5 7 )>  b u t  i n  c l a s s i c a l  s t u d i e s  Wagner (1895 )  f o u n d  a  d e c r e a s e  

i n  n i t r i f i c a t i o n  i n  s o i l  t r e a t e d  w i t h  c a rb o n  d i s u l p h i d e  v a p o u r .  From 

e m p i r i c a l  o b s e r v a t i o n s  W ensley  ( 1 9 5 3 ) c o n c lu d e d
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t h a t  m e th y l  b ro m id e  a t  f u n g i c i d a l  l e v e l s  i s  more t o x i c  t o  n i t r i f y i n g  

and  c e l l u l o s e  decom pos ing  b a c t e r i a  t h a n  t o  d e n i t r i f i e r s  an d  ammonium 

p r o d u c i n g  s p e c i e s .  I t  i s  shown t h a t  b a c t e r i a  p o s s e s s  a  b r o a d e r  r a n g e  

o f  v a r i a b i l i t y  t h a n  t h e  f u n g i  i n  t h e i r  t o l e r a n c e  t o  m e th y l  b ro m id e  and  

some o t h e r  v o l a t i l e  m e t a b o l i t e s .  e g .  Xanthomonas v e s i c a t o r i a  was 

s l i g h t l y  i n h i b i t e d  by  c o n c e n t r a t i o n s  o f  1 . 5  ml o f  m e th y l  b ro m id e  p e r  

c u b ic  f o o t  o f  s o i l ,  an d  c o m p l e t e l y  i n h i b i t e d  by  c o n c e n t r a t i o n s  o f  

10 m l / c u b i c  f o o t .  R h i z o c t o n i a  s o l a n i  was c o m p le te ly  i n h i b i t e d  by  

c o n c e n t r a t i o n s  o f  8 ml p e r  c u b ic  f o o t  (McKeen, 1 9 5 4 ) .

T h e re  h a v e  b e e n  s e v e r a l  r e p o r t s  on t h e  r e l a t i o n s h i p  o f  p h y s ic o  

c h e m ic a l  c h a r a c t e r s  o f  s o i l  and  i t s  e f f e c t s  on gas  m i x t u r e s  ( e . g .  F u h r  

e t  a l . , 1 9 4 8 ;  K r e u t z e r ,  I 9 6 0 ) . I t  h a s  f o r  e x a m p le ,  b e e n  t a k e n  f o r  

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

s o r p t i o n  ( S i e g e l  e t  a l . , 1 9 5 1 )*

( i i ) C o n t r o l  o f  b a c t e r i a l  p l a n t  d i s e a s e  b y  t r e a t m e n t  w i t h  v o l a t i l e s .

P h y t o p a th o g e n ic  b a c c e r i a  i n  t h e  s o i l  a p p e a r  t o  b e  l e s s  s e n s i t i v e  t h a n  

f u n g i  t o  many t o x i c  o r  i n h i b i t o r y  s u b s t a n c e s  e . g .  Munnecke & F e rg u s o n  (1953) 

fo u n d  t h a t  t h e  g a s  c o n c e n t r a t i o n  o f  m e th y l  b r o m id e ,  c h l o r o p i c r i n  o r  Na-N- 

m e th y l  d i t h i o c a r b a m a t e  r e q u i r e d  t o  i n h i b i t  A grobc tc te r ium  t u m e f a c i e n s , 

C o r n y e b a c te r iu m  m ic h i g a n e n s e , an d  Xanthomonas p e l a r g o n i i  was h i g h e r  t h a n  

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

t h e  e f f e c t s  o f  e t h y l e n e  on b a c t e r i a l  e c o lo g y ,  b u t  F r e e b a i r n  & B uddenhagen  

( 1 9 6 4 ) and  A b e le s  (1973)  r e p o r t e d  on i t  a f f e c t i n g  t h e  d i s e a s e  syndrom es 

a s s o c i a t e d  w i t h  some s p e c i e s .

W in f r e e  e t  a l . (1958)  fo u n d  t h a t  f u m i g a t i o n  w i t h  u n s p e c i f i e d  

c o n c e n t r a t i o n s  o f  c h l o r o p i c r i n  d i d  n o t  c o n t r o l  s o f t - r o t t i n g  s p e c i e s  o f  

E r w i n i a  an d  P se u d o m o n a s , i n  n a t u r a l l y  i n f e s t e d  s o i l .  N e sm ith  and  

D ow ler  (1975) fo u n d  t h a t  f u m i g a t i o n  o f  f i e l d  s o i l  w i t h  6 g a l l o n  o f  

1 ,  2 -d ib ro m o r -3 " c h lo ro p ro p a n e  p e r  a c r e  t w i c e  a  y e a r  r e s u l t e d  i n  no 

s i g n i f i c a n t  d i f f e r e n c e s  i n  d e f o l i a t i o n  c a u s e d  by Xanthomonas p r u n i .

Owens e t  a l . ( 1 9 6 9 ) fo u n d  t h a t  f u m i g a t i o n  w i t h  a  m ix t u r e  o f  0.8% v o lu m e /  

volum e a c e t a l d e h y d e  and  0.25% v o lu m e /v o lu m e  o f  m e th a n o l  i n  a i r  s t i m u l a t e d  

t h e  g ro w th  o f  t h e  b a c t e r i a l  p o p u l a t i o n  w h ic h  t h e y  m e a s u r e d ;  a  r a n g e  

o f  o t h e r  v o l a t i l e  a ld e h y d e s  an d  a l c o h o l s  i n



c o n c e n t r a t i o n s  w h ich  t h e y  ' i d e n t i f i e d  i n  g a s e s  from  a l f a l f a  r o o t s  p ro d u c e d  

s i m i l a r  e f f e c t s .  They s u g g e s t e d  t h a t  s i n c e  t h e s e  a r e  commonly a v a i l a b l e  

a t  r e l a t i v e l y  low  c o s t  t h e y  m ig h t  w e l l  he  u s e f u l  i n  s t i m u l a t i n g  t h e  g ro w th  

o f  s a p r o p h y t e  n o n - p a t h o g e n ic  s o i l  b a c t e r i a .  T h is  c o u ld  l e a d  t o  t h e  

c o n t r o l  o f  t h e  p a th o g e n i c  s p e c i e s ,  w h ic h  a r e  n o t  g e n e r a l l y  good c o m p e t i t o r s  

w i t h  t h e  f r e e  l i v i n g  s a p r o p h y t e s .

( i i i ) S t u d i e s  o f  t h e  e c o l o g i c a l  e f f e c t s  o f  c o n c e n t r a t i o n s  o f  m e t a b o l i t e s

i d e n t i f i e d  i n  gas  m ix t u r e s  p r o d u c e d  by  l i v i n g  c e l l s .

T h e re  have  b e e n  few s t u d i e s  on t h e s e  l i n e s .  The w ork  o f  Owens e t  a l . 

{1 9 6 9 ) r e p o r t e d  above  was b a s e d  on am ounts  o f  m a t e r i a l  e m a n a t in g  from  

a l f a l f a  and  o t h e r  p l a n t  r e s i d u e s  i n  s o i l s .  R u s s i a n  w o r k e r s ,  p a r t i c u l a r l y  

B i l a i  ( 1 9 5 6 , 1 9 6 3 ) r e p o r t e d  on a n t i b a c t e r i a l  p r o p e r t i e s  o f  g a s e s  from  

Tr ic h o d e rm a  c u l t u r e s ,  u s i n g  i n  v i t r o  t e s t s  w i th  p a i r e d  P e t r i  d i s h e s ;  fo u n d  

t h a t  g a s e s  from  c u l t u r e s  o f  s t r a i n s  o f  T . k o n i n g i i  w ere  more i n h i b i t o r y  t h a n  

t h o s e  from  s t r a i n s  o f  T . v i r i d e ; M a r s h a l l  & H u tc h in s o n  (19T0) and  H u tc h in s o n  & 

Cowan ( 1 9 7 2 ) d i d  n o t  f i n d  any  s i g n i f i c a n t  e f f e c t s  o f  g a s e s  from  c u l t u r e s  

o f  s p e c i e s  o f  Pomes and  o f  T r ic h o d e rm a  on a  few s a p r o p h y t e  b a c t e r i a .  MeGain 

( 1 9 6 6 ) r e p o r t e d  t h a t  some s p e c i e s  o f  S t r e p t omyces a r e  a b l e  t o  p r o d u c e  a  

v o l a t i l e  " a n t i b i o t i c "  o r  " a n t i b i o t i c s "  w hich  c an  i n h i b i t  t h e  g i w / t h  o f  

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

o f  v o l a t i l e  " a n t i b i o t i c s "  h a s  b e e n  r e f e r r e d  t o  i n  o t h e r  c a s e s  ( e . g .  F r i e s ,

1 9 7 3 ) .  T h e re  h av e  b e e n  many s t u d i e s  i n  t h e  u s e  o f  a n t i b i o t i c s  i n  g e n e r a l

f o r  t h e  c o n t r o l  o f  s o i l  b o r n e  b a c t e r i a l  p l a n t  p a th o g e n s  ( e . g .  P a t r i c k ,  1 9 5 4 ;  

Wood & T v e i t ,  1 9 5 5 ;  P r id h a m  e t  a l . , 19 5 6 ;  D e k k e r , 1 9 6 3 ;  Brown, 1 9 7 3 ;

S c h r o th  e t  a l . , 1 9 7 4 ) ;  t  h e s e ^  gen e r a l l y  o f  v e r y  low  v o l a t i l i t y ,  h o w e v e r ,  

and  ou 'bwith  t h e  sc o p e  o f  t h i s  r e v i e w .

The t o t a l  o f  t h e s e  an d  t h e  few o t h e r  q u a n t i t a t i v e  s t u d i e s  o f  i n t e r a c t i o n s  

w i t h  b a c t e r i a l  p a th o g e n s  i s  s l i g h t ,  h o w e v e r ,  and  f u r t h e r  work seems t o  be  

j u s t i f i e d .
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GENERAL METHODS.

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

w ork . T hese  u s e d  s p e c i f i c a l l y  f o r  p a r t i c u l a r  i n v e s t i g a t i o n s  a r e  

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

T h ro u g h o u t  t h i s  w o rk ,  t h e  t e r m  ' t e s t '  o rg a n is m  o r  ' t e s t '  m a t e r i a l  

r e f e r s  t o  t h e  m a t e r i a l  whose g a s e o u s  p r o d u c t s  w ere  b e i n g  exam ined . The 

t e r m  ' a s s a y '  o r g a n i s m ,  r e f e r s  t o  t h e  o rg a n is m  w hich  was u s e d  t o  m ea su re  

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

a u t h e n t i c  c h e m i c a l s .

1 .  TEST METHODS

(a )  C u l t u r a l  m ed ia  and  c o n d i t i o n s .

The f o l l o w i n g  m ed ia  w ere  u s e d : -

( i )  2% m a l t  a g a r  (20  g O xoid  m a l t - e x t r a c t , 20 g O xoid  a g a r  i n  1 

l i t r e  d e i o n i z e d  w a t e r ) .

( i i )  B o u i l l o n  a g a r  ( lO  g Lab.Lemco b e e f  e x t r a c t ,  10 g D i f c o  p e p t o n e ,

5 g Na C l ,  20 g Oxoid  a g a r  i n  1 l i t r e  d e i o n i z e d  w a t e r ,  a d j u s t e d  

t o  pHy w i t h  Na OH).

M edia w e re  a u t o c l a v e d  a t  120°C f o r  20 m i n u t e s ,  u n l e s s  o t h e r w i s e  s t a t e d .  

F u n g a l  c u l t u r e s  w ere  i n c u b a t e d  a t  24°C an d  7 0 -8 0  % R .N, i n  i n t e r m i t t e n t  

d i f f u s e  l i g h t  i n  an  a i r - c o n d i t i o n e d  room. E x p e r im e n ta l  a s s e m b l i e s  w i t h  

b a c t e r i a  w ere  h e l d  i n  t h e  same room i n  t h e  d a r k .  S to c k  c u l . t u r e s  o f  

b a c t e r i a  w ere  k e p t  on B o u i l l o n  a g a r ,  i n  a  d a rk  i n c u b a t o r  a t  24°  -2 5 °C .

(b )  A p p a r a t u s .

The f o l l o w i n g  t y p e s  o f  a s s a y  a s s e m b l i e s  w ere  u s e d : -

( i )  P a i r e d  P e t r i  d i s h  a s s e m b l i e s .

The fu n g u s  t o  be  t e s t e d  f o r  v o l a t i l e  p r o d u c t i o n  was i n o c u l a t e d  

c e n t r a l l y  on a 9 cm P e t r i  d i s h  o f  2% m a l t  a g a r  an d  a f t e r  t h e  s p e c i f i c  

p e r i o d  o f  i n c u b a t i o n  t h e  c u l t u r e  was p a i r e d  w i t h  a n o t h e r  P e t r i  d i s h  

c o n t a i n i n g  a g a r  i n o c u l a t e d  w i t h  t h e  a p p r o p r i a t e  a s s a y  o r g a n is m .  The
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two d i s h e s  w ere  s e p a r a t e d  hy  a  s t e r i l e  c e l l o p h a n e  d i s c  ( F i g .  1 ) .

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

c o lo n y  w ere  com pared  w i t h  t h o s e  f o r  s i m i l a r  a s s e m b l i e s  i n  w h ich  t h e  a s s a y  

o r g a n i s m  was p a i r e d  w i t h  a  d i s h  c o n t a i n i n g  u n i n o c u l a t e d  a g a r ;  a l l  t e s t s  

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

t e m p e r a t u r e  (2 3 °  ~ 24°)  u n d e r  i n t e r m i t t e n t  l i g h t .

( i i )  P a i r e d  b o t t l e  a s s e m b l i e s .

T hese  c o n s i s t  o f  tw o one l i t r e  Roux b o t t l e s ,  c o n n e c t e d  b y  a  g l a s s  

’T ' p i e c e  ( b o r e  d i a m e t e r  1 cm; 'T '  b a r  l e n g t h  o f  9 cm; s i n g l e  arm 

l e n g t h ,  2 - 5  Cîïi) f i t t e d  i n t o  t h e  n e c k s  o f  t h e  b o t t l e s  w i t h  r u b b e r  b u ngs  

a t  e i t h e r  end o f  t h e  l o n g  arm. The s h o r t  ( v e r t i c a l  arm o f  t h e  'T '  

p i e c e )  i s  f i t t e d  w i t h  a  s u b a  r u b b e r  c a p  ( F ig .  2 ) ,  t o  a l l o w  g a s  s a m p le s  

t o  b e  w i th d ra w n  f o r  a n a l y s i s .  I n  a l l  t e s t s ,  one b o t t l e  c o n t a i n e d  a  

c u l t u r e  o f  t h e  fu n g u s  b e i n g  t e s t e d ,  o r  u n i n o c u l a t e d  m a l t  a g a r  ; t h e  o t h e r  

one  c o n t a i n e d  a  c u l t u r e  o f  t h e  a s s a y  o r g a n is m .

( i i i )  S i n g l e  b o t t l e  a s s e m b l i e s .

These were used for tests with mixtures of air with authentic 
organic chemicals. They consist of a single bottle containing the 
assay organism inoculated on the appropriate medium and sealed during the 
experiment with a Suba rubber cap.

The known c o n c e n t r a t i o n s  o f  a u t h e n t i c  l i q u i d  c h e m ic a l s  w ere  p l a c e d  

( u s i n g  a  H a m il to n  m ic ro  g a s  t i g h t  s y r i n g e )  on a  s t e r i l e  -  Whatman f i l t e r  

p a p e r  s u s p e n d e d  i n  t h e  n e c k  o f  Roux b o t t l e .  3 -4  h o u r s  w ere  a l l o w e d  

f o r  v o l a t i l i z a t i o n  an d  d i f f u s i o n  i n  t h e  v e s s e l s  b e f o r e  g a s  sa m p le s  w ere  

t a k e n  f o r  a n a l y s i s  ■ u il l6 S S “ 0%ii6X‘W.i-S‘0

( i v )  C O ^ /a i r  m ix t u r e  -  a p p a r a t u s .

The assay cultures were aerated with CO^ and air mixtures. The 
development and use of a special apparatus for this is described in 
appendix - I.
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2. ORGANISMS USED.

O rgan ism s u s e d  i n  t h e s e  t e s t s  a r e : -  

( a )  S p e c ie s  o f  T r ic h o d e r m a .

P r o f e s s o r  J ,  W e b s te r  and  Dr. C. D en n is  c o u r t e o u s l y  s e n t  u s  t h e  

f o l l o w i n g  s p e c i e s  and  s t r a i n s  o f  T r ic h o d e rm a . The r e f e r e n c e  num bers 

w ere  t h o s e  w h ich  t h e y  s u p p l i e d  an d  w h ich  t h e y  u s e d  i n  t h e i r  p u b l i c a t i o n s

T. v i r i d e  1

T. v i r i d e  3 

T. v i r i d e  l 4

T. v i r i d e  A 

T. v i r i d e  B/4-5553 i i  

T. v i r i d e  C/16198  

T. v i r i d e  D /109551

k o n i n g i i  6

k o n i n g i i  J

T. k o n i n g i i  A /73022 

T. k o n i n g i i  B/624-29 

T. k o n i n g i i  C /54693 

T. k o n i n g i i  SHD/M/2 6 2 9  

T. p s e u d o k o n in g i i  A / I 96- I  

T. p o ly sp o ru m  2 

T. p o ly sp o ru m  5 

T. p o ly sp o ru m  74 

T. p o ly sp o ru m  C/3 0 6

T. p i l u l i f e r u m  SÏÏD/M/2 6 3 6  

T . hamatum 127 

T. hamatum JMD/12 

T. h a r z i a n u m 1 

T. h a rz ia n u m  129 

T. l o n g i b r a n c h i a t u m  VfBC 4576
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(b.) A ssay  F ungi ;

The a s s a y  f u n g i  u s e d  i n  t h i s  c o u r s e  o f  s tu d y  a r e :

R h i z o c t o n i a  s o l a n i , Kuhn.

*Iy ro n e m a  d o m e s t ic u m , (Sow. e x .  R r . ) S a c c .

*Py th ium  u l t im u m . Trow.

*Rome8 a n n o s u s , ( F r . )  Cooke.

*Mucor h i emal i s . Wehm. .

* F u sa r iu m  o x y sp o ru m , ■ S c h l e c h t .  F r .

%Dr. D enn is  s u p p l i e d  t h e s e  t o  u s  and  he  s a i d  t h a t  t h e y  w ere  t h o s e  

w h ich  he h a d  u s e d  i n  h i s  work.- He was u n a b le  t o  s u p p ly  h i s  s t r a i n  

o f  R . s o l a n i  and  t h e . o n e  i n  t h e  Glasgow U n i v e r s i t y  C o l l e c t i o n  M o . l ,  

Mycology L a b o r a t o r i e s , was u s e d  i n s t e a d .

U n ifo rm  i n o c u l a e  w e re  made by  c u t t i n g  5mm d i s c s  from  t h e  p e r i p h e r y  

o f  a  young  P e t r i  d i s h  c u l t u r e  o f  t h e  r e q u i r e d  a s s a y  f u n g i  on 2,% m a l t  a g a r  

Each  d i s c  was u s e d  t o  i n o c u l a t e  one Roux b o t t l e  o r  p a i r e d  a s s e m b ly  as  

r e q u i r e d .  By t h i s  p r o c e d u r e ,  c o l o n i e s  o f  r e g u l a r  s h a p e  w ere  fo rm ed . 

D a i ly  o b s e r v a t i o n s  o f  l i n e a r  g ro tv th  w ere  a s s e s s e d  i n  a l l  c a s e s  by  t a k i n g  

t h e  mean v a lu e  o f  tw o p r e v i o u s l y  m arked  d i a m e te r s  a t  r i g h t  a n g l e s .

( c ) A ssay  B a c t e r i a .

The a s s a y  b a c t e r i a  w ere  o b t a i n e d  from  D e p a r tm en t  o f  A g r i c u l t u r e  and  

F i s h e r i e s  o f  S c o t l a n d ,  E d in b u rg h .  They a r e  l i s t e d  b e lo w  w i t h  t h e  D e p t ,  

o f  A g r i c u l t u r e  c a t a l o g u e  n um bers .

E r w in ia  a m y lo v o ra  595/V

E r w in ia

E r w in ia

E r w i n ia

E r w in ia

a r o i d e a e  9 2 9 /1 1

a t r o s e p t i c a  5 ^ 9 /VI

c a r o t o v o r a  3 1 2 / V I I I

t r a c h e i p h i l a  2 1 3 3 /1

A l l  c u l t u r e s  w ere  i n o c u l a t e d  on B o u i l l o n  a g a r  a s  d e s c r i b e d  a b o v e .



3. GAS-LIQUID CHROMATOGRAPHIC ANALYSIS 

( a )  C o n d i t i o n s .

M icro  c r o s s - s e c t i o n  d e t e c t o r s  w ere  u s e d  i n  t h e  a n a l y s i s  o f  CO^ and  0^ .  

The a n a l y s e s  w ere  c a r r i e d  o u t  u s i n g  an  A e r o g ra p h ,  Model 200 G a s - L iq u id  

C hrom atog raph . L e v e ls  o f  CO^ w e re  m e a s u r e d ,  u s i n g  a  s t a i n l e s s  s t e . e l  

colum n i n c h  x  6 f e e t )  p a c k e d  w i t h  P o ra p a k  R, a t  T5"'80°C, h e l iu m  f lo w -  

r a t e  was m ls /m in  (38  p . s . i . ) .  Oxygen l e v e l s  w ere  m e a s u re d  u s i n g  a

s t a i n l e s s  s t e e l  colum n H i n c h  x 10 f e e t )  p a c k e d  w i t h  M o le c u la r  S i e v e  5A, 

3 0 /6 0  m esh , a t  T5*^C, h e l i u m  f l o w - r a t e  was J|5"55 m i s / m i n u te .

Ammonia, a c e t a l d e h y d e , a c e t o n e ,  and  e t h a n o l  w e re  m e a s u re d  and  o t h e r  

o r g a n i c  v o l a t i l e s  w e re  l o o k e d  f o r  u s i n g  a  Pye Model lOU G a s - L iq u id  

C hrom atog raph  w i t h  a  f la m e  i o n i z a t i o n  d e t e c t o r ,  a  s t a i n l e s s  s t e e l  colum n 

( g i n c h  X 6 f e e t )  p a c k e d  w i t h  Carhowax I 5OO, o r  w i t h  a  g l a s s  colum n H i n c h  

X 6  f e e t )  p a c k e d  w i t h  Carhowax 20 M a t  T8°C, h y d ro g e n  f l o w - r a t e  hO m ls /m in .  

(15  p . s . i . ) ;  n i t r o g e n  f l o w - r a t e  40 m i s / m i n u t e . E t h y le n e  was m e a s u re d  u s i n g  

t h e  same d e t e c t o r ,  a  g l a s s  colum n ( ü i n c h  x 6 f e e t )  p a c k e d  w i t h  P o ra p a k  R, 

a t  65^ 0 , h y d ro g e n  f l o w - r a t e  Uo m ls /m in .  (16  p . s . i . ) ,  n i t r o g e n  f l o w - r a t e  

36 m i s / m i n u t e .  A i r  was u s e d  w i t h  m ea su rem e n ts  w i t h  t h e  F . I . D .  a t  f l o w - r a t e  

^0  m ls /m in .  (1 0 -1 5  p . s . i , ) .

( h)  I d e n t i f i c a t i o n  o f  c u l t u r e  g a s e s .

The r e t e n t i o n  t i m e s  o f  p e a k s  p r o d u c e d  by  i d e n t i f i e d  compounds w ere  

com pared  w i t h  t h e  r e t e n t i o n  t i m e s  o f  a u t h e n t i c  m a t e r i a l .

C o n c e n t r a t i o n s  o f  CO^ w e re  e s t i m a t e d  by  c o m p a r is o n  w i t h  p eak  h e i g h t s  

p r o d u c e d  by  t h e  known m ix t u r e s  o f  CO^ i n  a i r  made up i n  t h e  a p p a r a t u s ,  

i l l u s t r a t e d  and  e x p l a i n e d  i n  d e t a i l  i n  A ppend ix  -  I  b e lo w .

C o n c e n t r a t i o n s  o f  o t h e r  com ponen ts  o f  t h e  i d e n t i f i e d  v o l a t i l e  

m e t a b o l i t e s  w e re  m e a s u re d  b y  c o m p a r is o n  o f  p e a k  h e i g h t s  g iv e n  b y  c u l t u r e  

g a s e s  w i t h  t h o s e  g iv e n  by  s a m p le s  from  s e a l e d  Roux b o t t l e s  i n  w hich  known 

am ounts  o f  a u t h e n t i c  a n a l a r  m e t a b o l i t e s  h a d  b e e n  a l lo w e d  t o  v o l a t i l i z e  

( c f .  S e c t i o n  l . b . i i i  a b o v e ) .  A m e a s u re d  volume o f  e t h y l e n e  g as  h a d  b e e n  

i n t r o d u c e d  b y  a m ic ro  gas  s y r i n g e .

A l l  gas  sam p les  w ere  t a k e n  f o r  a n a l y s e s  f rom  r e p l i c a t e  b o t t l e s  by  "5 ml" 

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

sam p le  and  no r e s i d u a l  t r a c e s  o f  s a m p le s  w e re  fo u n d  on t e s t  i n j e c t i o n s  

a f t e r  t h e  a n a l y s i s .
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P eak  h e i g h t s  w ere  m e a su re d  a t  c o n v e n ie n t  a t t e n u a t i o n s .  F o r  e a s e  o f  

c o m p a r is o n  i n  t h e  a p p e n d ix  t a b l e s  , t h e s e  h av e  b e e n  c o n v e r t e d  t o  t h e  

e q u i v a l e n t  h e i g h t s  a t  1 /3 2  a t t e n u a t i o n -  on t h e  A e ro g ra p h  200 (CO and  Op) ,
p  ̂ tf. d

o r  5 X 10 on t h e  Pye lOU ( o t h e r  m e t a b o l i t e s ) .

(c ^S t a n d a r d i s a t i o n s

Means o f  p e a k  h e i g h t s  o f  known c o n c e n t r a t i o n s  o f  i d e n t i f i e d  m e t a b o l i t e s  

w ere  r e c o r d e d  u n d e r  t y p i c a l  c o n d i t i o n s .  G. L. C.  u n i t s  w ere  c h e c k e d  e v e ry  

s i x  m onths  r e g u l a r l y  a n d  e v e ry  t im e  when t h e y  w ere  r e p a i r e d  a n d / o r  s t a n d a r d  

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

D e t a i l s  o f  maximum, minimum, and  t y p i c a l  p e a k  h e i g h t s  o f  known 

c o n c e n t r a t i o n s  o f  d i f f e r e n t  v o l a t i l e  m a t e r i a l s  m e a s u re d  u n d e r  u n i f o r m  

c o n d i t io n s *  a r e  r e c o r d e d  i n  T a b le  1 , and  i l l u s t r a t e d  i n  F i g u r e s  ( 3

t o  T ) .

I t  c a n  b e  s e e n  f ro m  t h e  t a b l e  t h a t  t h e  c o n s i s t e n c y  o f  p e a k  h e i g h t s  

was g r e a t e s t  w i t h  t h e  lo w e r  c o n c e n t r a t i o n s  m e a s u re d .  T h ese  c o n c e n t r a t i o n s  

c o v e r e d  t h e  c r i t i c a l  r a n g e s  i n  t h e s e  t e s t s ;  t h e  g r e a t e r  v a r i a t i o n  w i t h  h i g h  

c o n c e n t r a t i o n s  was n o t  t h e r e f o r e  c r i t i c a l  i n  t h i s  w ork .



T ab le  1 , G .L .C . peak h e ig h t s  o b ta in e d  from  sam p les o f  known 
c o n c e n tr a t io n s  o f  i d e n t i f i e d  v o l a t i l e  m e t a b o lit e s  
m easured a t  d i f f e r e n t  p e r io d s  d u r in g  t h e s e  s t u d ie s .

16

^  ,....................... ..
a u th e n t ic  compound co cn .a d d ed  

m l / l i t r e  a ir
Peak h e ig h t  (mm) a t  5 x  1 0 ^ 
s e n s i t i v i t y  a t  any t im e

1 2  3 1 + 5 6

Range and  
mean o f  
peak h e ig h t s

0 ,0 0 1 6 3 10 12 8 5 7 + 5 
-  1+

e th y le n e 0 .0 1 19 lU 16 28 26 18 20 + 8 
-  6

0 .1 303 220 300 380 260 3I+I+ 301 +79
-6 1

1 .0 2200 2100 2300 21+20 2280 2290 2265 +155
-1 6 5

0.0005 26 16 22 35 2lt 19 2I+ +11 
-  8

0 .0 0 1 TO 52 68 90 67 72 70 +20
-1 8

a c e t a ld eh y d e 0 .0 0 5 190 150 188 200 182 163 179 +21
-2 9

0 .0 1 271+ 260 290 330 286 300 290 +1+0
-3 0

0 .0 5 960 900 1009 1080 1000 932 980 +100
—80

0 .0 0 0 5 20 11 26 30 11+ 18 20 +10 
-  9

a c e to n e
0 .0 0 1 1+5 1+0 50 66 1+2 59 50 +16

-1 0
0 .005 136 120 I6U 15I+ 126 139 ll+o +2I+

-2 0
0 .0 1 258 220 230 290 282 280 260 +30

-1+0

0 .0 1 30 25 Uo 50 28 36 35 +15
-1 0

0 .0 3 63 60 62 88 81+ 65 70 +18
-1 0

e th a n o l 0 .0 5 121 100 112 l l o 130 117 120 +20
-2 0

0 .1 260 200 220 290 280 252 250 +1+0
- 5 0

0 ,3 570 510 520 660 650 570 580 +80
-7 0

5% v /v 9 6 5 10 5 7 7 + 3 
- ‘ 2

' 10% " 18 20 lU 21 18 16 18 + 3 
-  h

carbon  d io x id e
15% ” 26 22 19 26 26 25 2I+ + 2 

-  5
20% " 31 33 25 3I+ 28 28 30 + 1+ 

-  s

25% " Ul 1+2 30 1+1̂ 1*2 1+0 1+0 + 1+ 
-1 0

30% " 1+9 52 35 55 52 55 50 + 5
-1 5

(a )  A l l  r e a d in g s  a re  th e  mean o f  peak h e ig h t s  o f  sam p les ta k en  
from  3 r e p l i c a t e  Roux b o t t l e s ,  g iv e n  s im ila r  r e a d in g s .
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M  INVESTIGATION OF THE DIFFERENCES BETWEEN 

THE BIOLOGICAL EFFECTS OF CULTURE.) GASES FROM 

VARIOUS SPECIES OF TRICHODERMA. ON GROWTH OF 

ASSAY FUNGI



PART I .1

INTRODUCTION AND REVIEW OF WORK ON 

TRICHODERMA SPP,
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I . l  INTRODUCTION AND REVIEW OF WORK ON TRICHODERMA SPP.

The p r o d u c t i o n  o f  b i o l o g i c a l l y  a c t i v e  v o l a t i l e  m e t a b o l i t e s  by  c u l t u r e s  

o f  s p e c i e s  o f  T r ie h o d e rm a  Pe r s . has  b e e n  r e p o r t e d  f r e q u e n t l y .  R u s s ia n  

w o r k e r s ,  n o t a b l y  K holodny  e t  a l . ( l9 % 5 ) ,  B i l a i  ( 1 9 5 6 , I 9 6 3 ) , Dymovich 

( i 9 6 0 ) ,  K hasanov ( 1 9 6 2 ) an d  Sarym sakova  (1967)5  h a v e  r e p o r t e d  t h a t  v o l a t i l e  

m e t a b o l i t e s  ( a n t i b i o t i c s )  o f  T r ic h o d e rm a  s p e c i e s  a r e  a n t a g o n i s t i c  t o  o t h e r  

f u n g i  and  b a c t e r i a ;  b u t  t h e y  d i d  n o t  s tu d y  t h e i r  n a t u r e  and  b i o l o g i c a l  

p r o p e r t i e s  i n  d e t a i l .  To a v o id  u n c e r t a i n t i e s  i n  n o m e n c la tu r e  t h e  names 

u s e d  i n  t h i s  r e v i e w  a r e  t h o s e  g iv e n  b y  t h e  i n d i v i d u a l  a u t h o r s  i n  e a c h  p a p e r ,

B i l a i  ( 1 9 5 6 ) u s e d  f o u r  d i f f e r e n t  s t r a i n s  w h ich  w ere  d i s t i n g u i s h a b l e  

f rom  o t h e r  s o i l  i s o l a t e s  by  a s p e c i f i c  o d o u r .  T h i s  o d o u r  named a s  a  

c o c o n u t  s m e l l  p r o d u c e d  by  a c t i v e  s t r a i n s  o f  t h e  genus  ( W e in d l in g ,  1 9 3 2 ,  

1 9 3 4 ;  R i f a i ,  I 9 6 9 ; D en n is  & W e b s te r ,  1971 )•

Dymovich ( 1 9 6 0 ) fo u n d  t h a t  t h e  v o l a t i l e  f r a c t i o n s  from  c u l t u r e s  o f  

T . l i g n o r u m  ( T o d , ) H a rz ,  and  T . k o n i n g i i  C u d . , w ere  ^ i n h i b i t o r y  t o  g ro w th  o f  

many s p e c i e s  o f  p h y to p a t h o g e n ic  b a c t e r i a  and  f u n g u ' , 'o f  t h e  b a c t e r i a  t e s i e d  

by  h im , P s e u d o m o n a s tu m i f a c ie n s , P . t a b a c u m , P . a n d r o p o g o n i s , P . f l u o r e s c e n s  

and  Xanthomonas p h a s e o l i  p r o v e d  t o  b e  t h e  m ost s e n s i t i v e ;  Pseudom onas p i ^ i  

was r e s i s t a n t .  He a l s o  fo u n d  t h a t  r e s u l t s  v a r i e d  a c c o r d i n g  t o  t h e  age  o f  

t h e  c u l t u r e , t h e  n u t r i e n t  medium, t h e  c h a r a c t e r s / o f  t h e  t e s p  o r g a n i s m ,  

e t c .  The m ost a c t i v e  v o l a t i l e  m e t a b o l i t e s  f o r  i n s t a n c e ,  w e re  fo u n d  from  

1 0 - d a y - o l d  c u l t u r e s .  K hasanov  (1 9 6 2 ) , found  t h e  v o l a t i l e  a n t i b i o t i c  

s u b s t a n c e s  from  t h r e e  s t r a i n s  ( T r ic h o d e rm a  s p . lO ^ )  T . l i g n o r u m  I I 8 , 

T . k o n i n g i i  97) t o  b e  i n a c t i v e  a g a i n s t  t h e  w hole  s p e c t r u m  o f  t e s t  b a c t e r i a .  

But t h e  same v o l a t i l e  m e t a b o l i t e s  w ere  fo u n d  t o  h a v e  a  f u n g i s t a t i c  e f f e c t  

on  a l l  t y p e s  o f  t e s t e d  f u n g i ,  t h e  f u n g i c i d a l  c h a r a c t e r  was a l s o  common i n  

t h e s e  t e s t s .

The v o l a t i l e  s u b s t a n c e s  o f  T r ic h o d e rm a  p o s s e s s  a  b r o a d  s p e c t r u m  o f  

a n t i b i o t i c  a c t i v i t y  ( B i l a i ,  1 9 5 6 ) .  The same a u t h o r  fo u n d  t h a t  8 - d a y - o l d  

T . l ig n o r u m  ( T . v i r i d e ) an d  T . k o n i n g i i  i n h i b i t e d  g ro w th  o f  B .m e s e n t r i c u s  and  

S t a p h y lo c o c c u s  a u r e u s . The a n t i b i o t i c  p r o p e r t i e s  o f  t h e  v o l a t i l e  

s u b s t a n c e s  v a r y  from  one  s t r a i n  t o  a n o t h e r  ( B i l a i ,  I 9 6 3 ) . E m p i r i c a l  

r e s u l t s  o f  Dymovich ( 196O) showed t h a t  T . k o n i n g i i  c u l t u r e s  w ere  more 

• e f f e c t i v e  t h a n  T . l ig n o r u m  c u l t u r e s  i n  t h e i r  i n h i b i t o r y  l e v e l  t o  t h e  g ro w th  

o f  f u n g i  and  p h y t o p a t h o g e n ic  b a c t e r i a .
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I n  p r e v i o u s  work i n  t h i s  D e p a r tm en t  t h e  i n h i b i t i o n  p ro d u c e d  by 

g a s e s  from  T . v i r i d e  c u l t u r e s  was fo u n d  t o  b e  g r e a t e r  t h a n  t h a t  p ro d u c e d  

by some o f  t h e  o t h e r  f u n g i  w h ich  h a v e  b e e n  t e s t e d .  ( M a r t i n ,  1 9 6 3 ;

D ick  & H u tc h in s o n ,  I 9 6 6 ; H u t c h in s o n ,  1 9 7 1 ) .  H u tc h in s o n  & Cowan (1972) 

showed t h a t  t h e  am ounts o f  c a rb o n  d i o x i d e  a n d / o r  e t h a n o l  i n  g a s e o u s  

f rom  c u l t u r e s  o f  a  s t r a i n  o f  T .h a r z ia n u m  R i f a i  c o u ld  a c c o u n t  f o r  t h e  

i n h i b i t i o n  o f  g ro w th  o f  f u n g a l  c u l t u r e s  and  o f  l e t t u c e  ( l a c t u c a  s a t i v a  

v a r .  s a t i v a ) s e e d l i n g s i n  l a b o r a t o r y  t e s t s .

D enn is  & W e b s te r  ( I 97I )  s t u d i e d  t h e  b i o l o g i c a l  p r o p e r t i e s  o f  T r ic h o d e rm a  

s p e c i e s - g r o u p s . They fo u n d  t h a t  t h e  g a s e s  from  c u l t u r e s  o f  s e v e r a l  s p e c i e s  

o f  T r ic h o d e rm a  commonly i n h i b i t e d  and  i n  some c a s e s  s t i m u l a t e d  t h e  r a t e  o f  

i n c r e a s e  o f  c o lo n y  d i a m e te r  o f  s e v e r a l  o t h e r  s p e c i e s  o f  f u n g i .  The amount 

o f  e f f e c t s  v a r i e d  w i t h  s t r a i n s ,  w i t h  s p e c i e s ,  w i t h  t h e  age  o f  d i f f e r e n t  

T r ic h o d e rm a  c u l t u r e s  when t h e y  w ere  t e s t e d ,  and  w i t h  t h e  a s s a y  f u n g i  s u b j e c t  

t o  t e s t .  They c o n c lu d e d  t h a t  t h e  e f f e c t s  w ere  due t o  t h e  l i b e r a t i o n  o f  

b i o l o g i c a l l y  a c t i v e  v o l a t i l e  m e t a b o l i t e s  from  t h e  T r ic h o d e rm a  m y c e l i a .  They 

showed t h a t  aqueous  s o l u t i o n s  o f  c o n d e n s a t e s  o f  t h e  T r ic h o d e rm a  c u l t u r e  g a s e s  

i n h i b i t e d  t h e  g row th  o f  Fomes an n o s u s  c u l t u r e s  p l a c e d  i n  c o n t a c t  w i t h  th e m ;  

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

c o n d e n s a t e s .  They fou n d  t h a t  g ro w th  o f  F .a n n o sus on 2% m a l t - e x t r a c t  a g a r  d i s c s  

was r e d u c e d  i f  t h e  d i s c s  w ere  s u s p e n d e d  i n  a  s o l u t i o n  o f  100 p .p .m .  a c e t a l d e 

hyde i n  w a t e r ,  and  c o m p le te ly  i n h i b i t e d  i n  500 p .p .m .  and  ab o v e .  They fo u n d  

t h a t  t h e  e f f e c t  was f u n g i s t a t i c ,  n o t  f u n g i c i d a l  a s  g ro if th  o f  t h e  Fomes 

c u l t u r e s  o f t e n  o c c u r r e d  a f t e r  6 -7  days o f  i n c u b a t i o n .  They a l s o  c o n c lu d e d  

t h a t  t h e  a c t i v e  c o n s t i t u e n t s  o f  t h e  c u l t u r e  g a s e s  w ere  u n l i k e l y  t o  be  00^ o r  

ammonia, s i n c e  " n o t  a l l  s t r a i n s  showed a c t i v i t y  and  t h e  p a t t e r n  o f  a c t i v i t y  

o f  t h e  p r o d u c e r  s t r a i n s  was n o t  t h e  p a t t e r n  w h ich  w ou ld  b e  e x p e c t e d  i n  t h e s e  

p r im a ry  m e t a b o l i t e s  w ere  r e s p o n s i b l e " .  They s t a t e  t h a t  " e x p e r im e n t s  w ere  

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

o f  t h e s e .  I n  p a r t i c u l a r  t h e y  d i d  n o t  r e p o r t  any  q u a n t i t a t i v e  a n a l y s i s  o f
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c u l t u r e  g a s e s ,  and  t h e y  d i d  n o t  r e p o r t  t e s t s  o f  i d e n t i f i e d  m e t a b o l i t e s  

i n  t h e  v a p o u r  c o n c e n t r a t i o n s  i n  w h ich  t h e y  have  b e e n  fo u n d  above  t h e  

T r ic h o d e rm a  c u l t u r e s .

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

T r ic h o d e rm a  c u l t u r e s ,  and  o f  t h e  d e m o n s t r a t i o n  t h a t  t h e i r  p r o d u c t i o n  i n  

t h e s e  c o n d i t i o n s  c an  a c c o u n t  f o r  t h e  i n t e r a c t i o n s  s e e n .



PART I .2

A RE-INVESTIGATION OF THE QUALITATIVE WORK 

OF DENNIS AND WEBSTER, AND COMPARISON WITH 

GLASGOW TECHNIQUES.



27

I .2  A r e - i n v e s t i g a t i o n  o f  t h e  q u a l i t a t i v e  work o f  D ennis  & W e b s t e r , 

and  c o m p a r is o n  w i t h  Glasgow t e c h n i q u e s

As a  f i r s t  s t e p  i n  t h e  i n v e s t i g a t i o n  o f  t h e  d i f f e r e n c e s  b e tw e e n  t h e  

b i o l o g i c a l  a c t i v i t i e s  o f  d i f f e r e n t  s t r a i n s  and  s p e c i e s  o f  T r i c h o d e r m a , 

i t  was d e c id e d  t o  r e p e a t  some o f  D en n is  and  W e b s t e r ’ s e x p e r i m e n t a l  w ork 

u s i n g  t h e i r  c u l t u r e s  and  c o n d i t i o n s  a s  f a r  a s  p o s s i b l e ;  t h i s  was m a in ly  a  

p r e l i m i n a r y  c h e c k  t o  s e e  w h e th e r  t h e  i n t e r a c t i o n s  w h ich  t h e y  d e s c r i b e d  

c o u ld  b e  d e m o n s t r a t e d  i n  t h e  Glasgow l a b o r a t o r i e s .  Some m in o r  e x t e n s i o n s  

w ere  done t o  s e e  w h e th e r  t h e i r  m e thods  c o u ld  be  made more c o n v e n ie n t  f o r  

f u r t h e r  i n v e s t i g a t i o n .

( a )  A c o m p a r is o n  w i t h  t h e i r  w o rk ,  u s i n g  p a i r e d  P e t r i  d i s h e s .

M a t e r i a l s  & Methods

Dr. D en n is  s e n t  u s  c u l t u r e s  o f  a l l  t h e  a v a i l a b l e  s t r a i n s  o f  T r i c h o d e r m a , 

an d  o f  t h e  o t h e r  a s s a y  f u n g i  w h ich  h e  and  P r o f e s s o r  W e b s te r  h a d  t e s t e d .

The m i s s i n g  c u l t u r e s  a r e  no l o n g e r  i n  h i s  c o l l e c t i o n ,  and  he  was u n a b le  t o  

i d e n t i f y  them  i n  t h e  c u l t u r e  c o l l e c t i o n s  a t  t h e  Commonwealth M y c o lo g ic a l  

I n s t i t u t e  o r  a t  t h e  C e n t r a a l  B u re a u  von  S c h i m m e l c u l t u r e s  ^ a a r n .  The s t r a i n s  

w h ich  t h e y  fo u n d  m ost a c t i v e  ( T. v i r i d e  l )  and  l e a s t  a c t i v e  ( T . l o n g i b r a n -  

c h ia tu m  WBC 4576) w ere  c h o s e n  f o r  t h e  m ain  i n v e s t i g a t i o n .

P a i r e d  P e t r i  d i s h e s  w ere  s e t  up a s  d e s c r i b e d  i n  t h e  G e n e ra l  m ethods  

s e c t i o n  above  ( l . b . i .  ) .  I n  e a c h  t e s t  t h r e e  p a i r e d  a s s e m b l i e s  w ere  s e t  

up  f o r  e a c h  t r e a t m e n t .  The o n l y  known d i f f e r e n c e s  b e tw e e n  t h i s  work and  

t h a t  o f  D en n is  an d  W e b s te r  a r e : ~

(1 )  P o s s i b l e  d i f f e r e n c e s  w h ich  c o u l d  h a v e  d e v e lo p e d  i n  t h e  m e ta b o l i s m  

o f  t h e  f u n g i  d u r i n g  m a in te n a n c e  i n  c u l t u r e  s i n c e  D enn is  and  

W e b s te r  c o m p le te d  t h e i r  w ork .

( 2 ) The u s e  o f  a  s t r a i n  o f  R h i z o c t o n i a  s o l a n i  f ro m  Glasgow U n i v e r s i t y ,  

M y c o lo g ic a l  C u l t u r e  C o l l e c t i o n  ( R . s o l a n i  G .U . l )  i n  l i e u  o f  t h e i r  

s t r a i n ,  w h ich  D r. D e n n is  was u n a b le  t o  s u p p ly .

( 3 ) P o s s i b l e  u n m ea su red  d i f f e r e n c e s  i n  t h e  e n v i r o n m e n ts  o f  t h e  

l a b o r a t o r i e s  i n  w h ich  t h e  w ork was c a r r i e d  o u t .

(4-) The p r e s e n c e  o f  a  p e rm e a b le  c e l l o p h a n e  d i s c  b e tw e e n  t h e  a s s a y  and  

t h e  t e s t  f u n g a l  d i s h e s  i n  t h e  Glasgow e x p e r i m e n t s .
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(5 )  I n  t h e  Glasgow " C o n t r o l "  a s s e m b l i e s ,  t h e  d i s h e s  c o n t a i n i n g

H. s o l a n i  w e re  p a i r e d  w i t h  d i s h e s  c o n t a i n i n g  s t e r i l e  2% m a l t  

a g a r .  I n  D e n n is  & W e b s te r  e x p e r im e n t s  w ere  "The l i d s  o f  

c o n t r o l  p l a t e s ,  w h ich  h a d  n o t  b e e n  i n o c u l a t e d  w i t h  a  T r ic h o d e rm a  

s t r a i n w e r e  a l s o  r e p l a c e d  i n  t h e  same w ay  e t c . "  (D e n n is

& W e b s t e r ,  1 9 7 1 ;  p . 4 l ,  l i n e  3 1 - 3 2 ) .

(6 )  5 ml s a m p le s  o f  c u l t u r e  g a s e s  w e re  t a k e n  f rom  t h e  Glasgow 

a s s e m b l i e s  on t h e  s e c o n d  day  a f t e r  p a i r i n g  an d  a n a l y s e d  by  

G.L. C h ro m a to g ra p h y .

D e n n is  and  W e b s t e r ’ s o b s e r v a t i o n s  w ere  e x te n d e d  b y : -  -

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

T r ic h o d e rm a  c u l t u r e  a s  t h e y  a g e d  from  15 d a y s  t o  20 d ays  b e f o r e  

p a i r i n g .

(b )  R e c o r d in g  t h e  e f f e c t s  on R . s o l a n i  c u l t u r e s  a t  tw o day i n t e r v a l s  

from  2 t o  8 d a y s  a f t e r  p a i r i n g ,  i n s t e a d  o f  o n l y  a t  2 d a y s .

R e s u l t s

The r e s u l t s  o f  two r e p l i c a t e  e x p e r i m e n t s  a r e  g i v e n  i n  A p p e n d i x - t a b l e s  

l A - J  and  2A-J an d  su m m arised  i n  t e x t - t a b l e  No. 2 . T e x t - f i g u r e  8 com pares  

t h e  means o f  t h e  m ea su rem e n ts  o f  b o t h  e x p e r im e n t s  on t h e  s e c o n d  day  a f t e r  

p a i r i n g  w i t h  t h o s e  g iv e n  b y  D en n is  & W e b s te r  f o r  t h e  same i n c u b a t i o n  t i m e .  

T e x t - f i g u r e  9 com pares  t h e  means o f  m e a su re m e n ts  o f  t h e  e f f e c t s  o f  T . v i r i d e  1 

c u l t u r e s  o f  d i f f e r e n t  a g e s  on g r o i f th  o f  R. s o l a n i  a f t e r  d i f f e r e n t  p e r i o d s  o f  

i n c u b a t i o n  a f t e r  p a i r i n g  w i t h  t h o s e  o f  T . l o n g i b r a n c h i a t u m  WBC 4-576 i n  t h e  

same c o n d i t i o n s .

D i s c u s s i o n

The r e s u l t s  f rom  t h e  two l a b o r a t o r i e s  w h ich  a r e  su m m arised  i n  F i g u r e  8 

a r e  s i m i l a r  i n  t h a t  t h e  maximum i n h i b i t i o n  i s  shown b y  c u l t u r e s  o f  T . v i r i d e  1 

a g e d  6 -8  days  a t  t h e  t im e  o f  p a i r i n g ,  and  t h a t  T . v i r i d e  1 i s  s u b s t a n t i a l l y  

m ore a c t i v e  t h a n  T . l o n g i b r a n c h i a t u m  WBC 4576 . The means o f  t h e  d i a m e te r s  

o f  c o n t r o l  c o l o n i e s  o f  t h e  G lasgow  s t r a i n  o f  R . s o l a n i  on 2nd day  a f t e r
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F igu re 8 Comparison o f  Glasgow r e s u l t s  on th e  e f f e c t s  o f  T .v ir id e  1 and 

T .lo n g ib ra n ch ia tu m  WBC 1+576 on growth o f  R .s o la n i w ith  th o s e  o f  

D ennis & W ebster. Measurements t  alt en on th e  2nd day a f t e r  p a ir in g .
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Figure 9 In h ib it io n  or S tim u la tion  o f  l in e a r  growth o f  R hizocton ia  s o la n i when paired  

w ith  cu ltu re s  o f  two s p e c ie s  o f  Trichoderma o f  d if fe r e n t  ages in  two r e p lic a te  
experim ents.
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i n o c u l a t i o n  was 20 mm i n  t h e s e  e x p e r i m e n t s , com pared  w i t h  t h e  51 mm 

r e p o r t e d  h y  D e n n is  & W e b s te r  f o r  t h e i r  s t r a i n  (A ppend ix  t a b l e s  l A - J  and  

2A -  J ) .

T h e re  i s  no e v id e n c e  t o  s u g g e s t  t h a t  t h i s ,  o r  t h e  o t h e r  m in o r  

d i f f e r e n c e s  i n  t h e  t e c h n i q u e s ,  i n t r o d u c e d  any  n o te w o r th y  e f f e c t  on  t h e  

r e l a t e d  am ounts o f  i n h i b i t i o n  w h ic h  w e re  r e c o r d e d .

From T e x t - F i g u r e  9» i t  ijg c o n c lu d e d  t h a t  t h e  e f f e c t s  o f  R. s o l a n i  o f  

g a s e s  from  m ost  o f  t h e  a g e s  o f  T r ic h o d e rm a  c u l t u r e s  t e s t e d  was g e n e r a l l y  

g r e a t e s t  a t  tw o day s  a f t e r  p a i r i n g .  The o n l y  n o te w o r th y  d i f f e r e n c e  was 

t h a t  t h e  p a t t e r n  o f  a c t i v i t y  o f  T . v i r i d e  c u l t u r e s  w h ich  w ere  l 8~and  2 0 - d a y -  

o l d  a t  t h e  t im e  o f  p a i r i n g  i n c r e a s e d  a t  a  s t e a d y  r a t e  f o r  t h e  f i r s t  6 d ays  o f  t h e  

t e s t  p e r i o d .  The c o n s i s t a n t  d ro p  i n  e f f e c t s  b e tw e e n  t h e  s e c o n d  day  and  

t h e  4 t h  day  i n  o t h e r  c u l t u r e s  may b e  a s s o c i a t e d  w i t h  t h e  re m o v a l  o f  5 inl 

8am ples  f o r  G .L .C . a n a l y s i s  on t h e  s e c o n d  d a y .  Sam ples  o f  h e a d  s p a c e  

g a s e s  w ere  t a k e n  f ro m  a l l  a s s e m b l i e s  on t h e  s e c o n d  day a f t e r  p a i r i n g .

Fo p e a k s  o f  more t h a n  a t r i v i a l  h e i g h t  a p p e a r e d  i n  any  t r a c e .

C o n c lu s io n

The o b s e r v a t i o n s  show t h a t  t h e  e f f e c t s  on R . s o l a n i  b y  t h e  tw o f u n g i  

d e s c r i b e d  by  D e n n is  & W e b s te r  ( l 9 T l )  c a n  b e  d e m o n s t r a t e d  i n  t h e  Glasgow 

L a b o r a t o r y .  D e t e r m i n a t i o n  o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  

d i f f e r e n c e s  fo u n d  i n  t h e  G lasgow w ork  d oes  n o t  j u s t i f y  t h e  work i n v o l v e d , 

p a r t i c u l a r l y  a s  D e n n is  & W e b s te r  d i d  n o t  g i v e  enough d e t a i l s  o f  r e p l i c a t i o n s  

a n d  v a r i a t i o n  i n  t h e i r  e x p e r im e n t s  t o  p e r m i t  an y  r i g o r o u s  c o m p a r is o n .  The 

e x t e n s i o n  o f  t h e  r a n g e  o f  t h e  i n v e s t i g a t i o n  do es  n o t  r e v e a l  any  m ore 

a d v a n ta g e o u s  t i m e s  t o  make m e a s u re m e n ts .

P r e v i o u s  i n v e s t i g a t i o n s  b y  t h e s e  m ethods  i n  t h i s  d e p a r tm e n t  (D ic k  &= 

H u t c h in s o n ,  I 9 6 6 ; G len e t  a l . , I 9 6 6 ; G len  and  H u t c h in s o n ,  1 9 o 9 » 1973) 

h a v e  shown t h a t  i t  i s  n o t  a  c o n v e n i e n t  one  f o r  a n a l y t i c a l  w ork . I n  

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

t h e  p a i r e d  P e t r i  d i s h e s ,  and  t h e  s m a l l  vo lum es  o f  t h e  g a s e s  i n v o l v e d ,  l e a d  

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

w h ic h  c a n  be  made from  r e s u l t s .  The w ork  was t h e r e f o r e  d i s c o n t i n u e d  a s

so o n  as  i t  h a d  a c t i v e d  i t s  p u r p o s e  o f :
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( a )  d e m o n s t r a t i n g  a c o n v e n ie n t  d e g r e e  o f  c o m p a r a b i l i t y  w i th  D enn is  

an d  W e b s te r  i n v e s t i g a t i o n s .

(b )  show ing t h a t  m in o r  c h a n g e s  i n  p r o c e d u r e  w ere  u n l i k e l y  t o  y i e l d  

a  more c o n v e n ie n t  s ep tu m  f o r  q u a n t i t a t i v e  w ork .

(b ) A C om parison  w i t h  t h e i r  w o rk ,  u s i n g  p a i r e d  Roux b o t t l e s

P a r t i c u l a r  M ethods

C u l t u r e s  o f  s i x  a s s a y  s p e c i e s  w ere  p a i r e d  w i t h  c u l t u r e s  o f  T r ic h o d e rm a 

v i r i d e  1 w h ich  h a d  b e e n  s e t  up w i t h  Suba r u b b e r  c a p s  an d  i n c u b a t e d  f o r  7 

d a y s ,  by  t h e  s t a n d a r d  m ethods  f o r  p a i r e d  a s se m b ly  t e s t s  ( G e n e r a l  M e th o d s ,  

P a r a g r a p h  l . b . i i ) .  Each  t r e a t m e n t  was exam ined  i n  f i v e  r e p l i c a t e  

a s s e m b l i e s  and  com pared  w i t h  f i v e  r e p l i c a t e  c o n t r o l  a s s e m b l i e s  s e t  up  i n  

n o rm a l  l a b o r a t o r y  a i r .  M easu rem en ts  o f  c o lo n y  d i a m e t e r  w ere  made e v e ry  

day .

R e s u l t s

The r e s u l t s  a r e  g i v e n  i n  a p p e n d ix  t a b l e s  8A and  lOA t o  lOE. T e s t -  

F i g u r e  ( lO )  com pared  t h e  means o f  t h i s  e x p e r im e n t  on t h e  se c o n d  day  w i t h  

t h e s e  fo u n d  by  D en n is  & W e b s te r  on t h e  2nd day  t o o .

D i s c u s s i o n

The r e s u l t s  w i t h  p a i r e d  Roux b o t t l e  a s s e m b l i e s  w ere  s i m i l a r  t o  t h o s e  

o f  D enn is  and  W e b s te r  i n  a l l  i m p o r t a n t  r e s p e c t s .  The o n ly  n o te w o r th y  

d i f f e r e n c e s  w ere  w i t h  Pyronem a d o m e s t ic u m , w h ich  was t h e  m ost r e s i s t a n t  

s p e c i e s  t o  v o l a t i l e  m e t a b o l i t e s  p r o d u c e d  by  T r ic h o d e rm a  v i r i d e  1 i n  

t h e i r  l a b o r a t o r y ,  b f c t t h e  m ost  s e n s i t i v e  i n  Glasgow L a b o r a t o r y .  The

r e a s o n  f o r  t h i s  d i f f e r e n c e  h a s  n o t  b e e n  i n v e s t i g a t e d ;  . i t  may be  r e l a t e d  

t o  c h a n g es  i n  t h e  fu n g u s  s i n c e  i t  was exam ined  by  D e n n is  and  W e b s te r ;  

i t  i s  a l s o  n o t e d ,  h o w e v e r ,  t h a t  i t  i s  m ore s e n s i t i v e  t o  a c e t a l d e h y d e  t h a n  

t h e  o t h e r  f u n g i .  T h i s  m ig h t  a l s o  a f f e c t  t h e
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r e l a t i o n  i n  t h e  s e a l e d  Ronx b o t t l e s .  I t  d i d  n o t  seem s e n s i b l e  o r  p r o f i t a b l e  

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

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

w o rk .
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PART 1 . 3

QUANTITATIVE EXAMINATION OF THE A C T IV IT Y  OF TWO 

REPRESENTATIVES OF TRICHODERMA s p p .
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1 .3  QUANTITATIVE EXAMINATION■OF THE ACTIVITY'OF TWO REPRESENTATIVES 

OF TRICHODERMA SPP.

INTRODUCTION

T h is  r e p o r t  s t a r t s  w i t h  a  d i s c u s s i o n  o f  t h e ' a n a l y s i s  o f  g a s e s  

from  p u r e  c u l t u r e s  o f  T r ic h o d e rm a  and  o f  t h e  e f f e c t s  o f  c o m p a ra b le  

c o n c e n t r a t i o n s  o f  a u t h e n t i c  m a t e r i a l  o f  i d e n t i f i e d  c o n s t i t u e n t s  on 

o t h e r  a s s a y  s p e c i e s .  T h is  was fo u n d  t o  b e  n e e d ed  t o  p e r m i t  

judgem en t o f  t h e  k i n d  and  am ounts o f  m e t a b o l i t e s  l i k e l y  t o  b e  fo u n d  

i n  p a i r e d  c u l t u r e s  o f  T r ic h o d e rm a  s p .  and  o t h e r  f u n g i .  I t  a l s o  

gave  t h e  i n f o r m a t i o n  n e e d e d  f o r  ju d g em e n t  o f  t h e  s c a l e  o f  r e p l i c a t i o n  

and  p r e c i s i o n  o f  a n a l y s i s  l i k e l y  t o  b e  r e q u i r e d  f o r  t h e  i n v e s t i g a t i o n  

o f  t h e s e  l e s s  e a s i l y  c o n t r o l l e d  i n t e r a c t i o n s  b e tw e en  s p e c i e s .

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

t h e  i n t e r p r e t a t i o n  o f  t h e  m ixed  c u l t u r e  i n t e r a c t i o n s  i n  w h ic h  g a s e s  h a v e  
b e e n  p ro d u c e d  by  t h e  a s s a y  f u n g i  a s  w e l l  a s  from  t h e  T r ic h o d e rm a  

c u l t u r e s .
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1 . 3 ( a )  G .L .C . ANALYSIS OF THE HEAD SPACE GASES FROM PURE CULTURES OF 

T, VIRIDE 1 AND T. LONGIBRANCHIATUM W.B.C. A576.

METHOD

C u l t u r e s  i n  s i n g l e  and i n  p a i r e d  s e a l e d  Roux b o t t l e s  w ere  s e t  u p ,  

i n c u b a t e d  an d  m e a s u r e d ,  and  gas  s a m p le s  w e re  a n a l y s e d  by  t h e  s t a n d a r d  

t e c h n i q u e s  w h ich  a r e  d e s c r i b e d  i n  t h e  G e n e ra l  M ethods ( 3 a ,  b ,  c ) .

RESULTS

T y p i c a l  G.L .C. t r a c e s  from  a n a l y s e s  o f  sa m p le s  from  7” d a y - o l d  

c u l t u r e s  a r e  sh o ™  i n  t e x t - F i g u r e s  ( 1 1 - 1 6 ) .  . A p p e n d i x - t a b l e  ( 3 ) ,  

r e c o r d s  t h e  m ea su rem e n ts  made i n  t h r e e  t y p i c a l  e x p e r im e n t s  u s i n g  t h r e e  

r e p l i c a t e  s i n g l e  Roux b o t t l e  c u l t u r e s  o f  e a ch  s p e c i e s .  T e x t - t a b l e  ( 3 ) ,  

shows t h e  c o n c e n t r a t i o n s  o f  a u t h e n t i c  m e t a b o l i t e s  r e q u i r e d  i n  a i r  m ix t u r e s  

t o  g i v e  c l o s e l y  s i m i l a r  pealt h e i g h t s  t o  t h e  means o f  t h o s e  from  t h e s e  

e x p e r i m e n t s .  I t  a l s o  shows t h e  c o n c e n t r a t i o n s  r e q u i r e d  t o  g iv e  p e a k  

h e i g h t s  e q u a l  t o  t h e  maximum r e c o r d e d  i n  any  o f  t h e  num erous o t h e r  

e x a m in a t io n s  o f  g a s e s  from  p u r e  c u l t u r e s  o f  t h e s e  s t r a i n s  made a t  o t h e r  

t im e s  d u r in g  t h e  w ork on t h i s  p r o j e c t .

E th y le n e  i s  i d e n t i f i e d  i n  t h i s  t a b l e ,  b u t  i t  was d e te r m in e d  i n  3 

s e p a r a t e  p r e c i s e l y  s i m i l a r  e x p e r i m e n t s  f o r  a d m i n i s t r a t i v e  c o n v e n ie n c e  w i t h  

t h e  a p p a r a t u s  a v a i l a b l e .

The r e s p o n s e  o f  t h e  c h ro m a to g ra p h  t o  m i x t u r e s  made up  by  i n j e c t i n g  

l e s s  t h a n  0 .0 1  ml o f  ammonia l i q u i d  i n t o  1 l i t r e  o f  a i r  was t o o  v a r i a b l e  

t o  y i e l d  u s e f u l  r e s u l t s .  I t  a p p e a r s  l i k e l y  t h a t  t h i s  r e l a t e s  t o  t h e  

r e a c t i v i t y  o f  t h i s  gas  a t  t h e s e  c o n c e n t r a t i o n s .  M ix tu re s  o f  0 .0 5  ml 

l i q u i d  a m m o n i a / l i t r e  a i r  gave  p e a k  h e i g h t s  a t  l e a s t  10 t im e s  l a r g e r  t h a n  

t h o s e  r e c o r d e d  f o r  T r ic h o d e rm a  p u r e  c u l t u r e s ;  s i n c e  R. s o l a n i  c u l t u r e s  

w ere  a p p a r e n t l y  u n a f f e c t e d  by  s u c h  h i g h e r  c o n c e n t r a t i o n s , t h e  p o s s i b i l i t y  

o f  im provem ent o f  t h e  a n a l y t i c a l  t e c h n i q u e  was n o t  e x p l o r e d  f u r t h e r .
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Figure 11 Typical chromatogram of gas samples from 
1-week-old cultures of T.viride 1

Compounds
1. ammonia
2. acetaldehyde
3. acetone
h. ethyl acet ate
5. ethanol
6. n-propanol
7. iso-butanol
8. pentanol
G.L.C. conditions
Column: Carbowax 20M; Temp: I8̂ C 
Detector: F.I.D.; Temp. 150 C 
Ng Flow Rate: 4o mis/minute
Attenuation: 2 x 10^
Carrier Gas: N ; Pressure: 38 p.s.i. 
H Press.: 15 p.s.i.
Chart speed; 15̂ /hour.

10

16 12 8
Retention time (min.)
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F ig u r e  12  T y p ic a l  ch rom atogram  o f  g a s  
s a m p le s  from  1 - w e e k - o ld  
c u l t u r e s  o f  T . v i r i d e  1

Compounds
1 .  amm onia
2 .  a c e t a ld e h y d e
3 . a c e t o n e
4 . e t h y l a c e t a t e
5 . e t h a n o l  
6 - 1 0  p e n t a n o l s

G.L.C» c o n d i t i o n s  
C olum n: C arhow ax 1500  T em p.75^0  
D e t e c t o r :  F . I . D . : Temp. 1 5 0 °C  
Np F low  R a te :  HO m is /m in u t e  
A t t e n u a t i o n :  2 x  1 0 ^
Carrier Gas: Np; Pressure 38 p.s.i 
Hp Press: 15 P * ' s . i .

Chart speed: 15"/hour

10 9

20 16 12 8 4

Retention time (min)



Figure 13 Typical chromatogram of gas samples from 
1-week-old cultures of T.viride 1
Compounds

1. ammonia
2. acetaldehyde
3. acetone
4. ethylacetat e
5. ethanol 
6-10 pentanols
G.L.C. conditions 
Column: D.N.P.; Temp. 78°C 
Detector: F.I.D.: Temp 
Ng Flow Rate: mlg/minute
Attenuation: 2 x 10

150°C

Carrier Gas :
Hp Pressure: 15*“'p.s.i. 
Chart speed: 15^/hour.

Pressure: 38 p.s.i

12 8 4

Retention time (min.)
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F ig u re  l 4  T y p ic a l  chrom atogram  o f  gas  sam ples from  
1 -w e e k -o ld  c u l t u r e s  o f  T . v i r i d e  1

Compounds : * e th y le n e
G.L.C. c o n d i t i o n s : ^
Column: P o rap ak  R: Temp. 65 C
D e t e c to r :  F . I . D . :  Temp. 150 C
Np Flow r a t e  
A t t e n u a t io n :

Uo m is /m in u te
50 X 1

C a r r i e r  g a s :  N^; P r e s s u r e :  36
H P r e s s :  l 6  p . s . i .
C har t  sp e e d :  1 5 " /h o u r

p . s . i

16 12 8

Retention time (m in.)
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F i g u r e  1 5  T y p i c a l  c h r o m a t o g r a m  o f  g a s  s a m p l e s
f r o m  1 - w e e k - o l d  c u l t u r e s  o f  T . v i r i d e  1

C om pounds : ^ m e t h a n o l

G .L .C .  c o n d i t i o n s :
C o lum n; P o r a p a k  Q: Tem p. T5^C
D e t e c t o r :  F . I . D . :  Tem p. 1 5 0  C
Np F lo w  r a t e  
A t t e n u a t i o n  : 
C a r r i e r  g a s  : 
Hp P r e s s :  15  
C h a r t  s p e e d :

Uo m i s / m i n u t e
1 X 1 0
Np ; P r e s s u r e :  

p . s . i .
1 5 " / h o u r

3 8  p , s . 1 .

08 4

R e te n t io n  t im e  (min)
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F ig u r e  l 6  T y p ic a l  ch ro m a to g ra m  o f  g a s  sa m p le s
from  1 - w e e k - o l d  c u l t u r e s  o f  T . v i r i d e  1

G .L .C . c o n d i t i o n s :

C olum n: P o ra p a k  R (a )  and  M o le c u la r  S i e v e  5A (h )  
Temp: T5°C
D e t e c t o r  : x - S e c t i o n :  Temp. 200°  C.
I n j e c t o r  T e m p .: 135  C 
Ng F low . R a te :  55 m is /m in u t e  
A t t e n u a t i o n :  32
C a r r ie r  g a s :  H e liu m : P r e s s u r e ;  38 p . s . i .
Hp P r e s s  : l 4 p . s . i .
C h a r t s p e e d :  1 5 ” /h o u r

I
§

( h )  Column : M o le c u la r  S i e v e  5A( a )  Column : P o ra p a k  R

o

R e t e n t i o n  t im e  (m in

Retention time (min)
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T e x t - t a b le  3 Amounts o f  i d e n t i f i e d  o r g a n ic  compounds found  in  pure  
c u lt u r e s  o f  tw o s p e c i e s  o f  T richoderm a.

C o n s t i tu e n ts

Concn. r e q u ir e d  in  a i r  m ix tu re  t o  g iv e  peak h e ig h t s  s im i la r  to  
t h o s e  o f  means o f  p ure c u lt u r e  g a s e s .

T .v ir id e  1

E xperim ent R ecord  
in  A ppendix t a b l e  

Ko. 3

I  I I  I I I

H ig h est  
reco rd  
in  any 
o th e r  
in v e s t ig n .  
m l / I . a i r

E xperim ent R ecord  
in  A ppendix t a b le  

No. 3

I  I I  I I I

H ig h e st  
r e c o r d  
in  any 
o th e r  
i n v e s t ig n .  
m l/1 . a i r

E th y le n e t r a c e  ̂ 0 .0 0 1 t r a c e 0 .001 t r a c e t r a c e t r a c e C  0 .001

Ammonia - - - 0 .0 0 5 - - - 0 .001

Ace t a ld eh y d e t r a c e t r a c e t r a c e 0.001 t r a c e t r a c e t r a c e <  0.001

Ac e to n e t r a c e t r a c e t r a c e 0 .001 t r a c e t r a c e t r a c e <  0 .001

E th y l a c e t a t e t r a c e t r a c e t r a c e tr a c t r a c e t r a c e t r a c e t r a c e

E than ol 0 .0 5 0 .0 6 0 .0 5 0 .1 0 .0 2 0 .0 3 0 .0 2 0 .0 3

n -p ro p a n o l t r a c e t r a c e t r a c e t r a c e t r a c e tr a c e t r a c e t r a c e

I s o -b u ta n o l t r a c e t r a c e t r a c e t r a c e t r a c e t r a c e t r a c e t r a c e

M ethanol t r a c e t r a c e t r a c e t r a c e t r a c e t r a c e t r a c e t r a c e

Carbon d io x id e 2h% 27^ 25^ 30% 17% 16% 18% 22%

Oxygen** 1 % 6% 6% 5% 9%

1

10% 9% 7%

T .lo n g ib r a n c h ia tu m  HBC U576

* T race im p lie s  l e s s  th a n  0 .001  m l / l i t r e

** lo w e r  c o n c e n tr a t io n .
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1 .3 ( b )  EXAMIIUTIOIV OF THE EFFECTS OF KNOm CONCENTRATIONS OF AUTHENTIC

MATERIAL OF IDENTIFIED METABOLITES IN AIR OW THE GROWTH OF COLONIES 

OF RHIZOGTONIA SOLARI.

( i )  T e s t s  w i t h  sam p les  o f  i n d i . i d u a l  a u t h e n t i c  c o n s t i t u e n t s

Methods

I t  was d e c id e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  t h e  s u b s t a n c e s  i d e n t i f i e d  

i n  more t h a n  t r a c e  c o n c e n t r a t i o n s  i n  p n r e  c u l t u r e s  i n d i v i d u a l l y .  T hese  

w ere  ammonia, a c e t a l d e h y d e , a c e t o n e ,  e t h a n o l  and  c a rb o n  d i o x i d e ;  e t h y l e n e  

was a l s o  c h o s e n  b e c a u s e  o f  i t s  known r e a c t i v i t y  i n  many b i o l o g i c a l  i n t e r 

a c t i o n s .  I t  was a p p r e c i a t e d  t h a t  t h e  o t h e r  i d e n t i f i e d  s u b s t a n c e s ,  and  

o t h e r  U n i d e n t i f i e d  s u b s t a n c e s  m ig h t  a l s o  a f f e c t  t h e  r e a c t i o n s  b u t  i t  seem ed 

s e n s i b l e  t o  d e l a y  c o n s i d e r a t i o n  o f  t h e s e  p o s s i b i l i t i e s  t i l l  l a t e r .  S i n g l e  

Roux b o t t l e  c u l t u r e s  o f  R h i z o c t o n i a  s o l a n i  w ere  a s se m b le d  w i t h  Suba r u b b e r  

c a p s ,  an d  a i r  m ix t u r e s  w i t h  known c o n c e n t r a t i o n s  o f  a u t h e n t i c  m a t e r i a l s  

w ere  s e t  up i n  them  by  t h e  p r o c e d u r e s  d i s c u s s e d  a b o v e .  A r a n g e  o f  

c o n c e n t r a t i o n s  was c h o se n  i n  e a c h  c a s e  t o  c o v e r  t h e  maxima fo u n d  i n  

a n a l y s e s  o f  T r ic h o d e rm a  c u l t u r e s .

Two e x p e r im e n ts  w ere  s e t  up . I n  t h e  f i r s t ,  3 r e p l i c a t e  a s s e m b l i e s  f o r  

e ach  t r e a t m e n t  w ere  com pared w i t h  3 r e p l i c a t e  a s s e m b l i e s  s e t  up i n  no rm a l  

l a b o r a t o r y  a i r .  Colony d i a m e te r s  w ere  m ea su red  and  GLC a n a l y s e s  w ere  made 

on t h e  1 s t ,  7 th  and  l U th  day o f  i n c u b a t i o n .  I n  t h i s  e x p e r im e n t  t h e  c u l t u r e s  

w ere  s e t  up i n i t i a l l y  u n d e r  known c o n c e n t r a t i o n s  o f  00^ i n  a i r ,  and 

s u b s e q u e n t  c h a n g es  i n  t h i s  due t o  r e p l i c a t i o n  w ere  r e c o r d e d .

I n  t h e  s e c o n d  e x p e r i m e n t ,  f i v e  r e p l i c a t e s  w ere  s e t  up i n  t h e  same 

p a t t e r n ;  c o lo n y  d i a m e te r s  w ere  m e a s u re d  d a i l y  f o r  7 d a y s ,  and  GLC a n a l y s e s  

w ere  made on t h e  1 s t  and  7 t h  d a y .  I n  t h i s  e x p e r im e n t  ex a m in in g  t h e  

e f f e c t s  o f  CO^ t h e  c u l t u r e s  w ere  i r r i g a t e d  d a i l y  w i th  a  f r e s h  s t a n d a r d  

m ix t u r e  o f  CO^ and  a i r ,  by  t h e  p r o c e d u r e  d e s c r i b e d  i n  a p p e n d ix  I .

C u l t u r e s  w ere  i n c u b a t e d ,  l i n e a r  g ro w th  was m ea su red  and  gas  sa m p le s  w ere  

t a k e n  and  a n a ly s e d  as  d e s c r i b e d  i n  t h e  G e n e ra l  M ethods. I n  t h e  e a r l i e r  

e x p e r im e n t s  o f  t h i s  s e r i e s ,  c o l o n i e s  w ere  m ea su red  and  g a s  sam p les  w ere  

a n a ly s e d  on s e t t i n g  u p ,  and  on t h e  7bh and  ikth  days o f  s u b s e q u e n t  

i n c u b a t i o n .  I t  was a p p a r e n t ,  an d  e x p e c t e d ,  t h a t  m e ta b o l i s m  o f  t h e



R h i z o c t o n i a  c u l t u r e s  w ou ld  a f f e c t  w i t h  t h e  amounts and  t h e  a c t i v i t y  o f  

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

t h e  e a r l i e r  r e s u l t s .  I n  t h e  l a t e r  t e s t s  ( e t h y l e n e  and  ammonia) i t  

was fou n d  t h a t  no u s e f u l  i n f o r m a t i o n  o f  t h e s e  r e l a t i v e l y  i n a c t i v e  

c o n s t i t u e n t s  was o b t a i n e d  by  d o in g  G .L .C . a n a l y s i s  on t h e  f i r s t  day 

o n l y ,  an d  m e a s u r in g  c o lo n y  d i a m e te r s  d a i l y  f o r  t h e  f i r s t  s e v e n  days  a f t e r  

a s se m b ly .

R e s u l t s

The r e s u l t s  o f  t h i s  s e r i e s  o f  e x p e r im e n t s  ( h o . l ) ,  a r e  r e c o r d e d  i n  

a p p e n d i x - t a b l e s  ( UA t o  ) ,  an d  sum m arised  i n  t e x t  f i g u r e s  ( I 7 t o  2 2 ) .

The t e x t  f i g u r e s  show t h e  r e d u c t i o n  o f  t h e  means o f  t h e  r e c o r d  o f  d i a m e t e r s  

o f  R . s o l a n i  c o l o n i e s  f o r  e a ch  t r e a t m e n t  a s  a  p e r c e n t a g e  o f  t h e  means f o r  

t h e s e  s e t  up  w i t h  n o rm a l l a b o r a t o r y  a i r .  They a l s o  show t h e  means o f  t h e  

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

r e s u l t s  o f  l a t e r  e x p e r im e n t s  ( S e r i e s  N o .2 ) ,  a r e  r e c o r d e d  i n  a p p e n d i x - t a b l e s  

(5A t o  5 I ) .

( i i )  T e s t s  w i t h  m ix t u r e s  o f  a u t h e n t i c  sa m p le s  o f  i d e n t i f i e d  c o n s t i t u e n t s  

Methods

S i n g l e  Roux b o t t l e  c u l t u r e s  o f  R . s o l a n i  were i n j e c t e d  w i t h  a u t h e n t i c  

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

e a ch  fo u n d  i n  t h e  h e a d  s p a c e s  o f  t h e  tw o T r ic h o d e rm a  s p e c i e s .  T h re e  

r e p l i c a t e  c u l t u r e s  w ere  s e t  up  f o r  e a ch  t r e a t m e n t  t o g e t h e r  w i t h  3 r e p l i c a t e  

c o n t r o l  c u l t u r e s  s e t  up  w i t h  n o rm a l  l a b o r a t o r y  a i r .  C olony d i a m e te r s  w ere  

m e a s u re d  and  gas  sam p les  w ere  t a k e n  and  a n a ly s e d  by  G .L .C . on t h e  f i r s t ,  

s e v e n t h  and  f o u r t e e n t h  day  a f t e r  a s se m b ly .

R e s u l t s

The r e s u l t s  a r e  g i v e n  i n  a p p e n d ix  t a b l e  ( 6 ) and  su m m arised  i n  t e x t -  

f i g u r e  2 3 .

G e n e ra l  C o n c lu s io n

No u n u s u a l  s e c o n d a r y  m e t a b o l i t e s  w e re  f o u n d ,  and  i n  t h e s e  c o n d i t i o n s  b o th  

T r ic h o d e rm a  s p e c i e s  p r o d u c e d  i n h i b i t o r y  c o n c e n t r a t i o n s  o f  s e v e r a l  p r im a r y  

m e t a b o l i t e s .  T e x t - t a b l e  ( 4 ) ,  sum m arise s  t h i s  i n f o r m a t i o n : -
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T e x t - t a b l e  4 Summary o f  e f f e c t s  o f  a u t h e n t i c  m e t a b o l i t e s  on 
l i n e a r  g row th  o f  E . s o l a n i  a t  maximum c o n c e n t r a t i o n s  
p ro d u c e d  by  T . v i r i d e  1 a n d 'T . l o n g i b r a n c h i a t u m  WBC 45T6 
r e s p e c t i v e l y  on 1 s t  and  T th  day o f  i n c u b a t i o n .

O rg a n ic  compounds
'
E th y le n e Ammonia

U
A c e t a l d e 

hyde A cetone E th a n o l “ 2

a x .c o n c n .  p ro d u c e d  by 
. v i r i d e  1

0 .0 0 1  
m l / I

<0 .0 1
m l/1

0 .0 0 1  
m l / I

0 .0 0 1  
m l / I

0 .1  
m l / I

30%
v o l / v o l

a x .c o n c n .  p ro d u c e d  by 
. l o n g ib r a n c h i a tu m  
BC 45T6

0 .0 0 1  
m l / I

<0 .0 1  
m l / I

0 .0 0 1  
m l / I

0 .0 0 1
m l /1

0 .0 3  
m l / I

22% I
v o l / v o l

mount o f  i n h i b i t i o n  
ro d u c e d  by  e q u i v a l e n t  
oncn . o f  a u t h e n t i c  
a t e r i a l  1 s t  day a f t e r  
s s embly

0 .0 0 1
m l /1
+7^

0 .0 1
m l /1

0 .0 0 1  
m l / I  
t l l %

0.001
m l / I  
+1 1 ^

0 .1
m l / I
-17%
0 .0 3
m l /1
N i l

30%
v o l / v o l
-17%
20%

v o l  /  v o l
-17%

mount o f  i n h i b i t i o n  
ro d u c e d  by  e q u i v a l e n t  
on cn . o f  a u t h e n t i c  
a t e r i a l  T th  day a f t e r  
s s embly

+6 ^ ■̂2% -̂1%

!

-1%

1
- 1 1 %

- 2%

-4l%

-25% 1
I n  p a r t i c u l a r  e t h a n o l  and  c a rb o n  d i o x i d e  r a p i d l y  a t t a i n  i n h i b i t o r y  

l e v e l s  and  s m a l l  ch an g es  i n  t h e  c o n c e n t r a t i o n s  o f  t h e s e  s u b s t a n c e s  may p ro d u c e  

b i g  ch an g es  i n  t h e i r  e f f e c t s  on R . s o l a n i . I t  seems l i k e l y  t h a t  t h e s e

a c c u m u la t io n s  i n  o l d e r  c u l t u r e s  may mask t h e  e f f e c t s  o f  o t h e r  s u b s t a n c e s .  The

p r o d u c t i o n  o f  a l l  t h e s e  p r im a r y  m e t a b o l i t e s  i s  l i k e l y  t o  be  a f f e c t e d  b y  s m a l l  

c h a n g es  i n  t h e  e n v i r o n m e n t ;  t h e  t e s t s  o f  t h e  m ix t u r e s  o f  e t h y l e n e ,  ammonia, 

a c e t a l d e h y d e , a c e t o n e ,  e t h a n o l  an d  c a rb o n  d i o x i d e  i n  a i r  show t h a t  i n t e r a c t i o n s

o f  t h e s e  may l e a d  t o  a  h i g h e r  c u m u la t iv e  e f f e c t  t h a n  t h o s e  o f  e q u i v a l e n t

c o n c e n t r a t i o n s  a p p l i e d  s e p a r a t e l y .  T h e re  i s  no e v id e n c e  t h a t  t h e  o t h e r  

m e t a b o l i t e s  have  had  any  a p p r e c i a b l e  e f f e c t ;  t h i s  does  n o t  d i s c o u n t  t h e  

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

e f f e c t s  i n  o t h e r ,  p e rh a p s  o n ly  s l i g h t l y  d i f f e r e n t ,  c o n d i t i o n s .
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T h e re  a r e  n o t  s u f f i c i e n t l y  b i g  d i f f e r e n c e s  b e tw e e n  t h e  gas  m ix t u r e s  

p r o d u c e d  by t h e  two T r ic h o d e rm a  s p e c i e s  t o  a c c o u n t  f u l l y  f o r  t h e  d i f f e r e n c e s  

i n  t h e i r  e f f e c t s  i n  p a i r e d  p e t r i  d i s h e s .
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1 . 3 ( c )  ANAXYSIS OF THE INTERACTIONS BETWEEN GASES FROM THE TWO

REPRESENTATIVE TRICHQDERMiA. SPECIES AJMD RHIZOCTONIA 80LANI IN 

PAIRED CULTURES

INTRODUCTION

T h is  i n v e s t i g a t i o n  i s  t h e  a p p r o p r i a t e  com plem ent t o  t h e  p u r e  c u l t u r e  

s t u d i e s  i n  s e c t i o n s  3a  an d  3h . I n  t h e s e  s e c t i o n s  i t  h a s  b e e n  n o t e d  t h a t  

t h e  am ounts o f  c a r b o n  d i o x i d e  p r o d u c e d  b y  T r ic h o d e rm a  c u l t u r e s  a r e  b i g  

enough t o  a c c o u n t  b y  th e m s e lv e s  f o r  t h e  t o t a l  am ounts o f  i n h i b i t i o n  s e e n .

The d i f f e r e n c e s ■b e tw e e n  t h e  am ounts  o f  t h i s  m e t a b o l i t e  p r o d u c e d ,  o r  

b e tw e e n  t h e  am ounts o f  any  o t h e r  s e e n  d u r in g  t h a t  p h a s e  o f  t h e  w o rk ,  

do n o t  how ever  g iv e  i n f o r m a t i o n  t o  e x p l a i n  t h e  d i f f e r e n c e  b e tw e e n  t h e  

a c t i v i t y  o f  t h e  two T r ic h o d e rm a  s p e c i e s .  T h e re  i s  a l s o  e v id e n c e  t h a t  

t h e  c u m u la t iv e  e f f e c t s  o f  m e t a b o l i t e  m i x t u r e s  may b e  b i g g e r  t h a n  t h a t  o f  

t h e  same c o n c e n t r a t i o n s  o f  m e t a b o l i t e s  a c t i n g  s e p a r a t e l y .

S in c e  no o t h e r  a c t i v e  m e t a b o l i t e  was i d e n t i f i e d  i t  seem ed p o s s i b l e  

t h a t  t h e  d i f f e r e n c e s  w ere  due t o  d i f f e r e n c e s  i n  t h e  r a t e  a t  w h ic h  i n h i b i t o r y  

l e v e l s  w ere  a t t a i n e d  i n  t h e  v a r i o u s  a s s e m b l i e s .  The o b v io u s  way t o  t e s t  

t h i s  w ou ld  be  t o  sam ple  t h e  a s s e m b l i e s  a t  s h o r t  i n t e r v a l s  t h r o u g h o u t  t h e  

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

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

g a s e s  i n  t h e  a s s e m b l i e s  u s e d .  T h i s  c o u ld  be  overcom e by  u s i n g  enough 

r e p l i c a t e s  t o  p e r m i t  e a c h  t o  b e  d i s c a r d e d  a f t e r  s a m p l in g .  I t  d i d  n o t ,  

h o w e v e r ,  seem s e n s i b l e  a t  t h i s  s t a g e  t o  d e s ig n  an  e x p e r im e n t  o f  t h e  

c o m p le x i ty  and  s i z e  n e e d e d  t o  p e r m i t  t h i s .  As an  a l t e r n a t i v e  e x p e r im e n t s  

w ere  s e t  up t o  com pare  t h e  e f f e c t s  o f  p a i r i n g  T r ic h o d e rm a  c u l t u r e s  w h ich  

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

i n  t h e  h e a d  s p a c e  g a s e s  w i t h  t h o s e  o f  p a i r i n g  c u l t u r e s  w h ic h  h a d  l e s s  

o p p o r t u n i t y  f o r  su c h  b u i l d  up .
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METHODS

C u l t u r e s  o f  R . s o l a n i  w e re  p a i r e d  w i t h  c u l t u r e s  o f  T . v i r i d e  1 and  

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

t e s t s .  I n  t h e  f i r s t  s e r i e s  o f  i n v e s t i g a t i o n  ( S e r i e s  A ) ,  one  e x p e r im e n t  

was done u s i n g  c o t t o n  wool p lu g g e d  T r ic h o d e rm a  c u l t u r e s  w h ich  w ere  6- d a y -  

o l d  a t  t h e  t im e  o f  p a i r i n g ,  one  w i t h  7- d a y - o l d  c u l t u r e s  an d  one  w i t h  8- d a y -  

o l d  c u l t u r e s .  T h ese  a g e s  w ere  c h o s e n  b e c a u s e  D enn is  & W e b s te r  ( l 9 7 l )  

fo u n d  t h a t  s i x - d a y - o l d  c u l t u r e s  p r o d u c e d  t h e  b i g g e s t  e f f e c t s  i n  t h e i r  

e x p e r im e n t s  w i t h  p a i r e d  P e t r i  d i s h e s .  S ix  r e p l i c a t e  a s s e m b l i e s  w ere

s e t  up f o r  e a c h  t r e a t m e n t ,  t o g e t h e r  w i t h  t h r e e  a s s e m b l i e s  i n  w h ich  c u l t u r e s  

o f  R . s o l a n i  w ere  p a i r e d  w i t h  b o t t l e s  c o n t a i n i n g  t h e  s t a n d a r d  amount o f  

u n i n o c u l a t e d  m a l t  e x t r a c t  a g a r .  I n  t h i s  s e r i e s  o f  e x p e r im e n t s  c o lo n y  

d i a m e te r s  w ere  m e a s u r e d ,  and  g as  s a m p le s  w ere  t a k e n  a n d  a n a l y s e d ,  w i t h i n  

10 t o  20 h o u r s  a f t e r  a s se m b ly  an d  on t h e  7t h  and  lU t h  day  o f  s u b s e q u e n t  

i n c u b a t i o n .

I n  a  s e c o n d  s e r i e s  o f  e x p e r im e n t s  ( S e r i e s  B) f i v e  r e p l i c a t e  a s s e m b l i e s  

u s i n g  T r ic h o d e rm a  c u l t u r e s  w h ic h  h a d  b e e n  p u t  w i t h  Suba r u b b e r  c a p s  and  

i n c u b a t e d  f o r  7 d ays  b e f o r e  p a i r i n g ,  w ere  com pared  w i t h  f i v e  r e p l i c a t e  

c o n t r o l  a s s e m b l i e s  o f  R . s o l a n i  p a i r e d  w i t h  u n i n o c u l a t e d  m a l t  a g a r .  I n  

t h i s  s e r i e s  c o lo n y  d i a m e t e r s  o f  R . s o l a n i  w ere  m e a su re d  d a i l y ,  and  gas  

s a m p le s  w e re  t a k e n  and  a n a l y s e d  w i t h i n  2 4 -3 6  h o u r s ,  on t h e  7t h  and  l 4 t h  day 

o f  i n c u b a t i o n  a f t e r  a s s e m b ly .  I n c u b a t i o n ,  m e a s u re m e n t ,  and  G .L .C . a n a l y s i s  

w e re  by  t h e  s t a n d a r d  p r o c e d u r e s .

RESULTS

The r e s u l t s  a r e  r e c o r d e d  i n  A p p e n d i x - t a b l e s  7A-7R and  8A & 8B, 

i n c l u s i v e ,  and  sunm iarised  i n  t e x t - f i g u r e s  2k and  25 i n c l u s i v e .  The 

t e x t  f i g u r e s  r e c o r d  t h e  e f f e c t s  a s  r e d u c t i o n  o f  means o f  g ro w th  o f  t h e  

t r e a t e d  R . s o l a n i  c u l t u r e s  a s  a  p e r c e n t a g e  o f  t h e  means o f  g ro w th  o f  t h e  

c o n t r o l  c o l o n i e s .  They a l s o  show t h e  c o n c e n t r a t i o n s  o f  a u t h e n t i c  e t h a n o l  

and  o f  CO g i n  a i r  m i x t u r e s  r e q u i r e d  t o  g iv e  pealc h e i g h t s  c l o s e l y  s i m i l a r  

t o  t h o s e  p ro d u c e d  i n  G .L .C . c h ro m a to g ra m s  o f  s a m p le s  o f  h e a d  s p a c e  g a s e s  o f  

t h e  e x p e r i m e n t a l  a s s e m b l i e s .
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The am ounts o f  e t h y l e n e  w e r e /m e a s u r e d  i n  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  f o r  

a d m i n i s t r a t i v e  r e a s o n s .  No u n u s u a l  s e c o n d a r y  m e t a b o l i t e s  w ere  s e e n ;  

no o t h e r  m e t a b o l i t e s  a p p e a r e d  on t h e  G .L .C . t r a c e s  i n  more t h a n  t r a c e  

c o n c e n t r a t i o n s ,  o f  t h e  o r d e r  o f  t e n t h  o r  l e s s  t h a n  t h e  minimum 

c o n c e n t r a t i o n  i n  w h ic h  any  o f  t h e s e  h a d  b e e n  shown t o  be  a c t i v e  i n  

t e s t s  m t h  a u t h e n t i c  m a t e r i a l  i n  p u r e  c u l t u r e .

The c o n t r i b u t i o n  o f  t h e  R h i z o c t o n i a  c o l o n i e s  t o  t h e  c o m p le te  

m i x t u r e s  c an  be ju d g e d  from  t h e  G .L .C . m ea su rem e n ts  o f  s a m p le s  from  t h e  

c o n t r o l  p u r e  c u l t u r e s .

CONCLUSION

The e x p e r im e n t s  o f  S e r i e s  "A” w i t h  t h e  6 - d a y ,  Y-day and  8 - d a y - o l d  

c u l t u r e s  o f  T r ic h o d e rm a  s p e c i e s  w e re  c a r r i e d  o u t  i n d e p e n d e n t l y  from  e a c h  

o t h e r .  The r e s u l t s  seem so c l o s e l y  s i m i l a r ,  t h a t  t h e y  c a n  f a i r l y  s u p p o r t

d e d u c t i o n s  w i t h o u t  f u r t h e r  f o r m a l  r e p l i c a t i o n .  They a r e  a l s o  c l o s e l y  

s i m i l a r  i n  a l l  i m p o r t a n t  ways t o  t h o s e  from  t h e  e x p e r im e n t s  w i t h  p a i r e d  

P e t r i  d i s h e s .  I n  p a r t i c u l a r  t h e  g a s e s  from  c u l t u r e s  o f  T . v i r i d e  1 h av e  

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

WBC 4 5 7 6 ; from  20% v o lu m e / volum e t o  30% v o lum e /vo lum e  c a rb o n  d i o x i d e  i n  a i r  

was 'fo u n d  i n  a l l  a s s e m b l i e s  on t h e  7 t h  day  a f t e r  a s s e m b ly .  I n  p u r e  c u l t u r e  

t e s t s  w i t h  a u t h e n t i c  m a t e r i a l s ,  c o n c e n t r a t i o n s  o f  t h i s  o r d e r  p ro d u c e d  25% t o  

45% i n h i b i t i o n .  T h i s  i s  o f  t h e  same o r d e r  as  t h e  i n h i b i t i o n  s e e n  i n  t h e s e  

e x p e r i m e n t s ,  b u t  i t  i s  g e n e r a l l y  s l i g h t l y  l e s s  t h a n  t h a t  p ro d u c e d  by g a s e s  

from  $ . v i r i d e  1 ,  s l i g h t l y  m ore t h a n  t h a t  p ro d u c e d  b y  g a s e s  o f  T . I o n g i b r a n "  . 

c h ia tu m  WBC 4576 . S i m i l a r l y  t h e  s m a l l  d i f f e r e n c e s  b e tw e e n  t h e  c o n c e n t r a t i o n s  

fo u n d  i n  t h e  c u l t u r e  w i t h  t h e  tw o  T r ic h o d e rm a  s p e c i e s  t e n d  t o  c o r r e l a t e  w i t h  

t h e  d i f f e r e n c e  b e tw e e n  t o t a l  e f f e c t s ;  t h e r e  a r e  more c o n s i s t a n t  d i f f e r e n c e s  

b e tw e e n  t h e  am ounts o f  e t h a n o l  p r o d u c e d  i n  a s s e m b l i e s  w i t h  6 -d a y  and  7 " d a y -  

o l d  c u l t u r e s  o f  b o t h  T r ic h o d e rm a  s p e c i e s ,  o n ly  T . v i r i d e  1 p r o d u c i n g  

i n h i b i t o r y  l e v e l s .  The h i g h e s e  l e v e l  r e c o r d e d  i s  how ever o n l y  e q u i v a l e n t  t o  

t h a t  o f  t h e  0 .1  m l / l i t r e  m i x t u r e  o f  a u t h e n t i c  p u r e  m a t e r i a l  w h ic h  gave  up t o  11%
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i n h i b i t i o n  o f  H . s o l a n i . T h e se  d i f f e r e n c e s  b e tw e e n  s t r a i n s  w ere  n o t  

fo u n d  u s i n g  8- d a y - o l d  c u l t u r e s  o f  T r ic h o d e rm a  s p .  I t  i s  n o t e d ,  h o w e v e r ,  

t h a t  i n  S e c t i o n  (3b )  above  an a u t h e n t i c  m ix t u r e  o f  30% 0 . 1  ml e t h a n o l .

0 .0 0 1  ml a c e t a l d e h y d e , a c e t o n e  and  e t h y l e n e  and  0 .0 0 5  ammonia p ro d u c e d  

up  t o  60% i n h i b i t i o n  i n  t e s t s  i n  7 d a y s  ( T e x t - f i g u r e  2 3 ) .  I t  i s

t h e r e f o r e  c o n c lu d e d  t h a t  t h e  t o t a l  amount o f  i n h i b i t i o n  s e e n  i n  t h e s e  

e x p e r im e n t s  c o u ld  b e  a c c o u n te d  f o r  t h e  am ounts o f  CO^ an d  o f  e t h a n o l  

p r o d u c e d .

The e v id e n c e  f ro m  s e r i e s  ”A” s u g g e s t s  t h a t  a  d i f f e r e n c e  i n  t h e  r a t e  

o f  p r o d u c t i o n  o f  t h e s e  p r im a r y  m e t a b o l i t e s  by t h e  tw o T r ic h o d e rm a  s p e c i e s  

may c o n t r i b u t e  t o  d i f f e r e n c e  b e tw e e n  t h e i r  e f f e c t s ,  b u t  i t  i s  n o t  a d e q u a te  

t o  s u b s t a n t i a t e  t h i s  h y p o t h e s i s  f u l l y .  The r e s u l t s  f ro m  s e r i e s  "B” 

c o n f i r m ,  h o w e v e r ,  t h a t  t h e  d i f f e r e n c e s  b e tw e e n  t h e  am ounts  o f  CO^ p ro d u c e d  

by  t h e  two T r ic h o d e rm a  s p e c i e s  may r e s u l t  i n  b i g  d i f f e r e n c e s  i n  t h e  r a t e s  

a t  w h ic h  i n h i b i t o r y  l e v e l s  o f  CO^ b u i l d  up i n  t e s t  a s s e m b l i e s .  I n  

a s s e m b l i e s  w i t h  t h e  s e a l e d  c u l t u r e s  o f  T . v i r i d e  1 i t  a t t a i n s  a  l e v e l  o f

20% t o  30% v o lu m e /v o lu m e  o f  g a s  s p a c e  w i t h i n  t h e  f i r s t  two d a y s ,  w h i l e  

i t  i s  s t i l l  b e lo w  20% v o lu m e / volum e o f  g a s  s p a c e  w i t h  T . l o n g i b r a n c h i a t u m  

WBC 1+576 a t  t h i s  s t a g e .  T h i s  f a c t o r ,  t o g e t h e r  w i t h  s m a l l e r  d i f f e r e n c e s  

i n  f i n a l  c o n c e n t r a t i o n s  a t t a i n e d  i n  t h e  f i r s t  7 d a y s ,  c o u ld  by  i t s e l f  

a c c o u n t  f o r  a l l  t h e  d i f f e r e n c e s  b e tw e e n  t h e  r e c o r d e d  e f f e c t s  o f  t h e  two 

s p e c i e s  on B . s o l a n i . The d i f f e r e n c e s  b e tw e e n  t h e  r a n g e s  o f  e t h a n o l  

c o n c e n t r a t i o n  f o l l o w  t h e  same g e n e r a l  p a t t e r n ,  a l t h o u g h  t h e y  a r e  s m a l l e r .

I t  seems l i k e l y  t h a t  v a r i e t y  i n  t h e  r a t e s  o f  f o r m a t i o n  o f  t h i s  compound and 

o t h e r  p r im a r y  m e t a b o l i t e s  m ig h t  s t i l l  c o n t r i b u t e  t o  t h e  e f f e c t s  i n  some 

c o n d i t i o n s .

The o t h e r  w ork r e c o r d e d  i n  t h i s  t h e s i s  a l l  f i t s  t h i s  g e n e r a l  h y p o t h e s i s  

I n  t h e  c i r c u m s t a n c e s  i t  d i d  n o t  a p p e a r  j u s t i f i a b l e  t o  s p e n d  t h e  money o r  

t h e  t im e  w h ich  w ou ld  be  i n v o l v e d  i n  t h e  i n v e s t i g a t i o n  o f  t h e  a lm o s t  

i n f i n i t e  v a r i e t y  o f  s m a l l  e n v i r o n m e n t a l  c h a n g e s  w h ich  m ig h t  i n f l u e n c e  t h e  

p r o d u c t i o n s  o f  t h e s e  u b i q u i t o u s  s u b s t a n c e s ,  and  so  t h e  e f f e c t  w h ich  any  o f  

th em  m ig h t  h a v e  i n  a  p a r t i c u l a r  i n t e r a c t i o n .  S i m i l a r l y  i t  d i d  n o t  seem 

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

s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  and  o f  t h e  c o r r e l a t i o n s .
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Figure 24 Comparison of inhibition of linear growth of Rhizoctonia cultures paired 
with Trichoderma cultures of 6-day-old (fig.A); of 7-day old (fig.B); and 
of 8-day-old (fig.C); and amounts of ethanol and CO present in the paired' 
assemblies (Series A).
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1 .3 ( d )  EXAMWATIQN OF THE EFFECTS OF KNOVffiT ' CONCENTRATIONS OF AUTHENTIC
MATERIAL OF IDENTIFIED METABOLITES' IH AIR ON THE' GROWTH'OF' COLONIES 
OF THE OTHER ASSAY' FUNGI USED BY DENNIS'& WEBSTER.

INTRODUCTION

T h is  was an  a p p r o p r i a t e  f i r s t  s t a g e  o f  t h e  B ro a d e n in g  o f  t h e  

i n v e s t i g a t i o n  on s i m i l a r  l i n e s  t o  t h a t  i n  3 (b)  above .

METHODS

M easurem ents  w ere  made u s i n g  s e a l e d  Roux b o t t l e  c u l t u r e s .  A l l  t h e  

d e t a i l s  o f  a s s e m b ly ,  m e a s u re m e n t ,  s a m p l in g  and  G.L .C. a n a l y s i s  f o l l o w e d  t h e  

s t a n d a r d  p r o c e d u r e  a s  g iv e n  above  ( S e c t i o n  3 * b . ) .  Each t r e a t m e n t  was

exam ined  i n  f i v e  r e p l i c a t e  a s s e m b l i e s  and com pared w i t h  f i v e  r e p l i c a t e  

c o n t r o l  a s s e m b l i e s  s e t  up i n  n o rm a l  l a b o r a t o r y  a i r .  M easu rem en ts  o f  c o lo n y  

d i a m e te r s  w ere  made d a i l y ,  and  G.L.C. sam p les  w ere  t a k e n  and  a n a ly s e d  w i t h i n  

t h e  f i r s t  2k h o u r s  a f t e r  a s se m b ly  and  on t h e  s e v e n th  day .

RESULTS

The r e s u l t s  a r e  r e c o r d e d  i n  a p p e n d ix  t a b l e s  ( 5A- 5 I  and 9A -  9Y). 

Sum m arised i n  t e x t - t a b l e  ( 5 ) an d  i n  t e x t  f i g u r e s  ( 26 t o  3 1 ) .

DISCUSSION

T h e re  i s  an o v e r a l l  g e n e r a l  g r a d a t i o n  o f  s e n s i t i v i t y  t o  t h e s e  g a s e s .  

Pyronem a dom esticum  b e in g  m ost s e n s i t i v e  t o  t h e  t e s t e d  r a n g e  and F u sa r iu m  

oxysporum  b e in g  l e a s t  s e n s i t i v e .  T h is  f o l l o w s  t h e  g e n e r a l  p a t t e r n  o f  

s e n s i t i v i t y  t o  T r ic h o d e rm a  g a s e s  r e p o r t e d  b e low . ' The e f f e c t  o f  a c e t o n e  

a nd  e t h y l e n e  a r e  n e g l i g i b l e ,  even  i f  t h e  f i g u r e s  s h o u ld  b e  s t a t i s t i c a l l y  

s i g n i f i c a n t .  Hence m a t h e m a t ic a l  a n a l y s i s  d i d  n o t  a p p e a r  t o  be  j u s t i f i e d .  

E th a n o l  and  c a rb o n  d i o x i d e  a r e  g e n e r a l l y  more i n h i b i t o r y ,  an d  t h e r e  a r e  

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

r e s u l t s  i n  r e l a t i o n  t o  t h e  e f f e c t s  o f  T r ic h o d e rm a  g a s e s  a r e  d i s c u s s e d  b e lo w .

The r e s u l t s  p e r m i t  c o m p a r iso n  o f  t h e  s e n s i t i v i t y  o f  t h e  a s s a y  c u l t u r e s  

t o  p a r t i c u l a r  m e t a b o l i t e  w i t h  t h e  am ounts o f  t h e s e  m e t a b o l i t e s  fo u n d  i n  

T r ic h o d e rm a  c u l t u r e  g a s e s .  T h is  h a s  n o t  b e e n  d e v e lo p e d  f u r t h e r  i n  t h i s  

t h e s i s ,  b u t  p o s s i b i l i t i e s  o f  e c o l o g i c a l  e f f e c t s  i n  t h e  f i e l d  a r e  obv io u s ' .
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I .3 ( e >  ANALYSIS OF THE INTERACTIONS BETWEEN GASES FROM THE TWO

REPRESENTATIVE TRICHODERMA SPECIES AND OTHER ASSAY FUNGI■IN 

PAIRED CULTURES.

INTRODUCTION

T h is  i s  t h e  a p p r o p r i a t e  s e c o n d  s t a g e  o f  t h e  b r o a d e n i n g  o f  t h e  s tu d y  

o f  t h e  r e p r e s e n t a t i v e  T r ic h o d e rm a  sp p .  on s i m i l a r  l i n e s  t o  3 ( c )  a b o v e .

METHODS.

T e s t s  w ere  c a r r i e d  o u t  w i t h  p a i r e d  Roux b o t t l e  a s s e m b l i e s .  The 

T r ic h o d e rm a  c u l t u r e s  u s e d  h a d  b e e n  i n c u b a t e d  w i t h  Suba r u b b e r  c a p s  f o r  

7 days  b e f o r e  a s se m b ly .  Each t r e a t m e n t  was exam ined  i n  f i v e  r e p l i c a t e  

a s s e m b l i e s  an d  com pared  w i t h  5 r e p l i c a t e  c o n t r o l s  i n  w h ich  t h e  a s s a y  

fu n g u s  was p a i r e d  w i t h  b o t t l e s  c o n t a i n i n g  u n i n o c u l a t e d  2.% m a l t  a g a r .

Colony d i a m e te r s  w ere  m e a su re d  d a i l y  and  sa m p le s  o f  h e a d  s p a c e  g a s e s  w ere  

t a k e n  and a n a l y s e d  on t h e  se c o n d  and  s e v e n t h  day a f t e r  p a i r i n g .  A l l  

o t h e r  e x p e r i m e n t a l  d e t a i l s  w ere  a s  d e s c r i b e d  i n  t h e  G e n e ra l  m e th o d s ,

RESULTS.

The r e s u l t s  a r e  r e c o r d e d  i n  a p p e n d ix  t a b l e s  (10 A t o  10 E) and  

sum m arised  i n  t e x t  f i g u r e s  ( 32 and  33 )• R e s u l t s  w i t h  R . s o l a n i  a r e

r e c o r d e d  i n  a p p e n d ix  t a b l e s  ( 8A -  8b ) .

CONCLUSION.

From f i g u r e s  (32)  an d  (33) i t  i s  c o n c lu d e d  t h a t : -  

A c e t a l d e h y d e :

C o n c e n t r a t i o n s  o f  a u t h e n t i c  m a t e r i a l  e q u a l  t o  t h e  maximum fo u n d  i n  t h e  

T r i c h o d e r ma c u l t u r e  g a s e s  i n h i b i t e d  t h e  g ro w th  o f  Pyronem a d o m e s t i c urn t o  

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

so f o r  b o t h  t h e  s t r a i n s  o f  T r ic h o d e rm a  a t  b o th  t h e  s t a g e s  o f  i n c u b a t i o n  w h ich  

w ere  m ea su re d .  Hence i t  seems l i k e l y  t h a t  t h i s  c o u ld  c o n t r i b u t e  a p p r e c i a b l y  

t o  t h e  e f f e c t s  o f  t h e  t o t a l  c u l t u r e  g a s e s  on t h i s  s p e c i e s .  T hese  

c o n c e n t r a t i o n s  p ro d u c e d  s l i g h t  s t i m u l a t i o n s  o f  t h e  g ro w th  o f  t h e  o t h e r  a s s a y  

f u n g i  i n  p u r e  c u l t u r e .  T h e i r  s m a l l  e f f e c t s  a r e  m asked by  t h o s e  o f  t h e  . 

i n h i b i t o r y  p r o d u c t s  i n  t e s t s  w i t h  c o m p le te  c u l t u r e  g a s e s .
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A c e to n e  :

The c o n c e n t r a t i o n s  fo u n d  i n  t h e s e  t e s t s  a r e  u n l i k e l y  t o  have  any 

s i g n i f i c a n t  e f f e c t s  on t h e  g ro w th  o f  t h e  a s s a y  f u n g i .

E t h a n o l :

S i m i l a r l y  t h e  c o n c e n t r a t i o n s  fo u n d  i n  t h e s e  t e s t s  c o u l d  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t h e  e f f e c t s  o f  t h e  c o m p le te  c u l t u r e  g a s e s  on Pyronem a 

dom e s t ic u m , b u t  t h e y  a r e  u n l i k e l y  t o  have  c o n t r i b u t e d  i n  more t h a n  a  

m in o r  way t o  t h e  o t h e r  e f f e c t s  s e e n .

Carbon d i o x i d e :

A f t e r  2 days i n c u b a t i o n  t h e  a s s e m b l i e s  w i t h  T . v i r i d e  1 h a d  a .  

s u b s t a n t i a l l y  h i g h e r  c o n c e n t r a t i o n  o f  CO^ t h a n  t h a t  i n  a s s e m b l i e s  w i t h  

T . l o n g i b r a n c h i a t u m  WBC At 7 days  t h e  d i f f e r e n c e  b e tw e e n  t h e  two

s p e c i e s  w ere  s l i g h t  and  l e s s  c o n s i s t e n t .  The c o n c e n t r a t i o n  o f  t h i s  

gas  a lo n e  c o u ld  a c c o u n t  f o r  a l l  t h e  i n h i b i t i o n  p ro d u c e d  b y  t h e  T r ic h o d e rm a  

c u l t u r e  g a s e s ,  t h e  d i f f e r e n c e s  i n  r a t e  o f  b u i l d  up on i n h i b i t o r y  

c o n c e n t r a t i o n s  c o u ld  a c c o u n t  f o r  t h e  d i f f e r e n c e s  b e tw e e n  t h e  e f f e c t s  o f  t h e  

two s p e c i e s .

As b e f o r e ,  h o w e v e r ,  i t  i s  e m p h a s i se d  t h a t  t h e s e  r e s u l t s  a r e  f o r  

d e f i n e d  c o n d i t i o n s ;  i t  seems l i k e l y  t h a t  s l i g h t  c h a n g e s  i n  t h e s e  c o n d i t i o n s  

c o u ld  a f f e c t  t h e  p r o p o r t i o n s  o f  t h e s e  u b i q u i t o u s  p r im a r y  m e t a b o l i t e s  i n  

c u l t u r e  g a s e s ,  an d  t o  a f f e c t  t h e i r  c o n t r i b u t i o n  t o  t h e  e f f e c t s  o f  t h e s e  

g a s e s  on o t h e r  o r g a n i s m s .  I t  i s  a l s o  e m p h a s ise d  t h a t  o t h e r  u n i d e n t i f i e d  

m e t a b o l i t e s  may be p r e s e n t  w h ich  may a f f e c t  t h e s e  i n t e r a c t i o n s  and w h ich  

m ig h t  a f f e c t  them  i n  s l i g h t l y  d i f f e r e n t  c o n d i t i o n s .
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f ig u r e  32 A EFFECTS OF T. v i r i d e  1 ( LEFT ) AND T. lo n g ib ra n ch ia tu m  WBC 4576 ( RIGHT ) OH 

LINEAR GROWTH OP ASSAY FUNGI ON THE SECOND DAY AFTER PAIRING
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PIFURE 33 A EFFECTS OF T . v i r i d e  1 ( LEFT ) AMD T. lo n g lb r a n o h ia tu m  WBC 4576 (RIGHT ) 
ON LINEAR GROWTH OF ASSAY FUNGI ON THE SEVENTH DAY AFTER PAIRING
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I . k QUANTITATIVE EXAIHINATION OF THE ACTIVITY OF OTHER SPECIES OF

TRICHODERMA

T h is  i s  r e p o r t e d  i n  two p h a s e s : -

( a )  a  d e t a i l e d  e x a m in a t io n  o f  t h e  e f f e c t s  o f  two f u r t h e r  s p e c i e s  w h ic h  t h e y  

(D e n n is  and  W e b s te r )  fo u n d  t o  i n h i b i t  R . s o l a n i , an d  two f u r t h e r  s p e c i e s  

w h ich  t h e y  fo u n d  t o  h a v e  no m e a s u re d  e f f e c t ,

(b )  a  G .L .C . a n a l y s i s  o f  h e a d - s p a c e  g a s e s  from  a d l  t h e  o t h e r  a v a i l a b l e  

s t r a i n s  o f  T r ic h o d e rm a  i n  s t a n d a r d  c u l t u r e  c o n d i t i o n s  an d  c o m p a r is o n  

o f  t h e i r  c o n t e n t  w i t h  t h e i r  r e c o r d e d  a c t i v i t y .

( a )  ANALYSIS OF THE INTERACTIONS BETWEEN GASES FROM TWO FURTHER SPECIES 

WHICH THEY FOUND TO INHIBIT R.SOLANI AND TWO FURTHER SPECIES WHICH 

THEY FOUND TO HAVE NO MEASURED EFFECT IN PAIRED CULTURES.

METHODS

T r ic h o d e rm a  v i r i d e  lU  and  T r ic h o d e rm a  p o ly sp o ru m  2 w ere  c h o se n  as  

r e p r e s e n t a t i v e  a c t i v e  s t r a i n s ;  T r ic h o d e rm a  p s e u d o k o n in g i i  A / I 96- I  and  

T r ic h o d e rm a  p o ly sp o ru m  7^ w e re  c h o s e n  a s  i n a c t i v e  o n e s .  The grovrth o f  

R . s o l a n i  c u l t u r e s  p a i r e d  w i t h  7 ~ d a y - o ld  c u l t u r e s  o f  e a c h  s t r a i n  w ere  

com pared  w i t h  t h o s e  o f  c u l t u r e s  p a i r e d  w i t h  u n i n o c u l a t e d  m a l t  a g a r  i n  t h e  

p a i r e d  Roux b o t t l e s .  C olony  d i a m e t e r s  w ere  m e a s u re d  d a i l y  and  sa m p le s  

o f  h e a d  s p a c e  g a s e s  w ere  t a k e n  an d  a n a l y s e d  on t h e  s e c o n d  an d  s e v e n t h  day 

a f t e r  p a i r i n g .  A l l .  o t h e r  s t a n d a r d  e x p e r i m e n t a l  p r o c e d u r e  i s  a s  

d e s c r i b e d  i n  G e n e ra l  M ethods .

RESULTS

The r e s u l t s  a r e  g i v e n  i n  a p p e n d ix  t a b l e  11 and  su m m arised  i n  t e x t -  

f i g u r e  ( 3^ ) .

CONCLUSION

The r e s u l t s  f i t  and  s t r o n g l y  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  i n h i b i t i o n  

o f  R . s o l a n i  by  t h e s e  f o u r  s t r a i n s  i n  t h e s e  c o n d i t i o n s  c a n  b e  a c c o u n te d  f o r  

by  t h e  p r o d u c t i o n  o f  g a s e o u s  p r im a r y  m e t a b o l i t e s ,  p a r t i c u l a r l y  o f  CO^ and  

t h a t  d i f f e r e n c e s  i n  t h e  am ounts  o f  t h e i r  a c t i v i t y  c a n  b e  a c c o u n t e d  f o r  by  

d i f f e r e n c e  i n  t h e  r a t e  o f  p r o d u c t i o n  o f  t h e s e  m e t a b o l i t e s .
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FIGURE 34 A EFFECTS OF TRICHODERMA. ACTIVE AND HON-ACTIVE SPECIES OH LINEAR GROWTH OF 
R. s o l a n i  ON THE SECOND DAY (LEFT) AND SEVENTH DAY (RIGHT) AFTER PAIRING
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(b )  G.L .C. MALYSIS OF HEAD SPACE GASES’FEOM'ALL THE'OTHER'AVAILABLE

STRAINS OF TRICHODERMA IL  STANDARD CULTURE CONDITIONS,AND COMPARISON 

OF THEIR CONTENT WITH THEIR'RECORDED ACTIVITY.

METHODS

T h re e  r e p l i c a t e  c u l t u r e s  o f  e a c h  o f  t h e  t e s t e d  s t r a i n s  w ere  s e t  up  

on m a l t  a g a r  i n  Roux b o t t l e s  w i t h  Suba r u b b e r  c a p s ;  s a m p le s  w ere  t a k e n  

and  a n a ly s e d  by  s t a n d a r d  G.L .C. t e c h n i q u e s  w i t h i n  t h e  f i r s t  2h h o u r s  o f  

a s s e m b ly ,  and  a f t e r  7 and  l 4  days  o f  i n c u b a t i o n .  A s e c o n d  e x p e r im e n t  

was s e t  up i n  p r e c i s e l y  t h e  same way e x c e p t  t h a t  t h e  Roux b o t t l e s  w ere  

f i t t e d  w i t h  c o t t o n  wool p l u g s .

RESULTS

The r e s u l t s  i n  s e a l e d  b o t t l e s  a r e  r e c o r d e d  i n  a p p e n d ix  t a b l e  ( 1 2 A ) 

and  sum m arised  i n  t h e  t e x t - f i g u r e  ( 35 )• The r e s u l t s  o f  t h o s e  i n c u b a t e d  

i n  c o t t o n  wool p lu g g e d  b o t t l e s  a r e  g iv e n  i n  a p p e n d ix  t a b l e  ( 12B ) ,  and  

sum m arised  i n  t e x t - f i g u r e  ( 36 ) .

CONCLUSION

T h is  s u rv e y  h a s  n o t  r e v e a l e d  t h e  p r e s e n c e  o f  any m e t a b o l i t e  o t h e r  

t h a n  t h e  e x p e c t e d  p r im a ry  ones  i n  t h e  e x p e c t e d  r a n g e  o f  c o n c e n t r a t i o n s .

T h e re  a r e  s u b s t a n t i a l  d i f f e r e n c e s  i n  t h e  amounts p ro d u c e d  by  t h e  

d i f f e r e n t  s t r a i n s ;  t h e  d i f f e r e n c e  b e tw e e n  t h e  r e c o r d  f rom  s e a l e d  c u l t u r e  

and  from  t h e s e  f i t t e d  w i t h  c o t t o n  wool p lu g s  a r e  l i k e l y  t o  r e l a t e  t o  t h e  

r a t e  o f  f o r m a t i o n  i n  t h e  f i r s t  few days  o f  i n c u b a t i o n .

D enn is  & W e b s te r  do n o t - g i v e  enough i n f o r m a t i o n  o f  e x p e r i m e n t a l  

v a r i a t i o n  i n  t h e i r  work t o  p e r m i t  d e t a i l e d  c o m p a r iso n  o f  t h e  r e s u l t s  b u t  

t h e r e  i s  a  s u b s t a n t i a l  amount o f  a g re e m e n t  b e tw e en  t h e  r e l a t i v e  a c t i v i t y  

w hich  t h e y  r e p o r t  i n  t h e i r  T a b le  1 ,  and  t h e  d i f f e r e n c e  i n  am ounts o f  CO^ 

p ro d u c e d  by  t h e s e  s t r a i n s .

T h is  g e n e r a l  f i t ,  and  t h e  f a c t  t h a t  no e v id e n c e  o f  any o t h e r  r e a c t i o n s  

h a s  b e e n  r e v e a l e d ,  s u g g e s t  t h a t  f u r t h e r  e x a m in a t io n  w ou ld  n o t  be  l i k e l y  t o  

b e  p r o f i t a b l e .
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AN INVESTIGATION OF THE DIFFERENCES BETVIEEN THE BIOLOGICAL 
EFFECTS OF CULTIVE GASES FROM THE REPRESENTATIVE SPECIES OF 

TRICHODERMA ON ERWTNTA spp.
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LITERATURE REVIEW

A p p ro x im a te ly  200 s p e c i e s  o f  p l a n t  p a th o g e n i c  b a c t e r i a  h av e  b e e n  

r e c o g n i z e d .  G e n e r a l ly  t h e y  o c c u r  i n  o n ly  f i v e  f a m i l i e s ,  i n  t h r e e  o r d e r s ,  

and  t h e y  a r e  r e p r e s e n t e d  by  s i x  g e n e r a :

Pseudom onas (90  s p e c i e s ) ,  Xanthomonas ( 6 0 ) , E f w in ia  and  ( P e c t o b a c t e r l u m ) ( I T ) , 

C o r y n e b a c te r iu m  ( l l )  , A g r o b a c te r iu m  ( T ) ,  and  S t r e p to m y c e s  (2 )  (B uddenhagen ,

1 9 6 5 ; C r o s s e ,  I 9 6 8 ; S t a r r  & C h a t t e r j e e ,  1 9 7 2 ) .

E r v i n i a  W inslow e t  a l . , i s  a  p a r t i c u l a r l y  i n t e r e s t i n g  genus  o f  

b a c t e r i a l  p h y t o - p a t h o g e n s  w h ich  a r e  w i d e ly  d i s t r i b u t e d  t h r o u g h o u t  t h e  

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

t h e  b a s i s  o f  i t s  d i s e a s e - p r o d u c i n g  a b i l i t y  i n  p l a n t s  B e rg e y  e t  a l . ( 1 9 3 9 ) j 

g i v e s  t h e  g ro u p  t r i b a l  r a n k i n g ,  E r w i n e a e , i n  t h e  f a m i ly  E n t e r o b a c t e r i a c e a e .

O th e r  m a jo r  c h a r a c t e r s  o f  t h e  g ro u p  a r e : -

s h o r t  r o d s  p e r i t r i c h o u s l y  f l a g e l l a t e d .  G r a m - n e g a t iv e ,  do n o t  fo rm  s p o r e s ,  

t h e i r  i n d i v i d u a l  c e l l s  may c o n t a i n  i n d i g o i d i n e ,  f a c u l t a t i v e  a n a e r o b e s ,  

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

se ldom  a c i d  and  g a s .  T h e i r  s h a r e d  s e n s i t i v i t y  t o  a  g ro u p  o f  b a c t e r i o 

p h a g e s  and  t o  b a c t e r i o c i n  ( a n t i - E r w i n i a  s e r a )  s u g g e s t s  a  common r e l a t i o n s h i p .  

T h e re  a r e  how ever  b i g  d i f f e r e n c e s  b e tw e e n  some o f  t h e  b a c t e r i a  w h ich  can  be  

i n c l u d e d  i n  t h e  g ro u p .  I n  p a r t i c u l a r  W aldee (19^5 )  h a s  p r o p o s e d  t h a t  t h e  

s t r o n g l y  p e c t o l y t i c  s t r a i n  w h ich  c a u s e  s o f t  r o t  d i s e a s e s  s h o u ld  be  s e p a r a t e d  

i n t o  a  new genus  P e c t o b a c t e r i u m . T h ese  b a c t e r i a l  s o f t - r o t s  o c c u r  m ost 

commonly on v e g e t a b l e s  and  some a n n u a l  o r n a m e n ta l s  t h a t  h av e  f l e s h y  s t o r a g e  

t i s s u e s ,  ( E l r o d ,  1 9 ^ 2 ;  A bo-E l-D ahab  & E l - G o o r a n i , I 96U; C h a t t e r j e e  &

G i b b i n s , 1 9 7 1 ;  W hite  & S t a r r ,  1 9 7 1 ;  S t a r r  & C h a t t e r j e e ,  1 9 7 2 ;  E r s k i n e ,

1 9 7 3 ;  S h in d e  & L u l te z ic ,  197^)*

They c a u s e  s e r i o u s  d i s e a s e s  o f  c r o p s  i n  t h e  f i e l d ,  i n  t r a n s i t  and 

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

o t h e r  b a c t e r i a l  d i s e a s e  ( A g r io s  I 9 6 9 ) . When t h e  s o f t - r o t  b a c t e r i a  e n t e r  

wounds o r  a r e  o t h e r w i s e  b r o u g h t  i n  c o n t a c t  w i t h  p a re n c h y m a to u s  c e l l s  (Adams, 

1 975 )5  t h e y  f e e d  and  m u l t i p l y  a t  f i r s t  on t h e  l i q u i d  r e l e a s e d  b y  t h e  b ro k e n  

c e l l s  on t h e  wound s u r f a c e  o r  on l i q u i d  i n  t h e  i n t e r c e l l u l a r  s p a c e s .
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I n o c u l a t i o n  i s  f o l l o w e d  b y  r a p i d  m u l t i p l i c a t i o n  o f  t h e  b a c t e r i a  w h ich  

p r o d u c e  i n c r e a s i n g  am ounts o f  p e c t o l y t i c  ( a  p e c t i n - m e t h y l - e s t e r a s e , p e c t i n -  

t r a n s - e l i m i n a s e 3 and  a p o l y  m e t h y l g a l a c t u r o n a s e )  a n d ,  i n  l e s s e r  q u a n t i t y ,  

c e l l u l o l y t i c  enzymes (Wood, 1951s 1955 and  I 96O; F r iedm an  & C e p o n is ,  1 959 ;  

W alton  & C a p p u i  n i , 1 9 6 2 ) . The p e c t o l y t i c  enzymes b reakdow n t h e  p e c t i c  

s u b s t a n c e s  o f  t h e  m id d le  l a m e l l a  and  o f  t h e  c e l l  w a l l  and  c a u s e  m a c e r a t io n  

o f  t h e  t i s s u e s .  The c e l l u l o l y t i c  enzymes c a u s e  p a r t i a l  b reakdow n and 

s o f t e n i n g  o f  t h e  c e l l u l o s e  o f  t h e  c e l l  w a l l s .  As a  r e s u l t  o f  t h e  a c t i o n  

o f  t h e s e  and  o t h e r  enzymes w a t e r  f rom  t h e  p r o t o p l a s t s  d i f f u s e s  i n t o  t h e  

i n t e r c e l l u l a r  s p a c e s ;  t h e  c e l l s  p l a s m o l y z e ,  c o l l a p s e  and  d i e  (K ra g h t  & 

S t a r r ,  1 9 5 3 ;  S t a r r  & M oran, I 9 6 2 ) .  A c id  p r o d u c t i o n  by  E . c a r o t o v o r a  i n  

h o s t  p l a n t  i s  a n o t h e r  f a c t o r  i n  v i r u l e n c e  (F r ie d m a n  and  C e p o n i s ,  1961-0 •

The m ost i m p o r t a n t  b a c t e r i u m  on many f l e s h y  p l a n t s  and  v e g e t a b l e s  i s  

B a c i l l u s  (P e c t o b a c t e r i u m ) c a r o t o v o r a  ( J o n e s  L .R . )  w h ich  was f i r s t  

d e s c r i b e d  by  J o n e s  i n  I 9 OO. E r w i n i a  ( P e c t o b a c t e r i u m ) a t r o s e p t i c a  (v an  

H a l l ) 5 h a s  b e e n  d e s c r i b e d  a s  t h e  o r g a n i s m  commonly a s s o c i a t e d  w i t h  t h e  

b l a c k - l e g  d i s e a s e  o f  p o t a t o  ( P e ro m b e lo n ,  1 9 7 2 ,  1975) an d  E r w in ia  

( P e c t o b a c t  e r iu m ) a r o i d e a e  (T o w n se n d ) ,  w i t h  t h e  s l im y  d e c a y  o f  v a r i o u s  

t r o p i c a l  and  s u b - t r o p i c a l  c r o p s ,  o r  c r o p s  groi-m i n  g r e e n  h o u s e s ,  s u c h  as  

t o m a to e s .  Graham & Dowson ( I 9 6 0 ) r e p o r t e d  t h a t  t h e s e  o rg a n is m s  h av e  b e e n  

d i f f e r e n t i a t e d  from  E . c a r o t o v o r a  on t h e  b a s i s  o f  t h e i r  c a p a c i t y  t o  u t i l i z e  

v a r i o u s  s u g a r s .  B e c a u s e  o f  t h e i r  m o r p h o l o g ic a l  s i m i l a r i t y  t h e r e f o r e ,  

same a u t h o r s  p o i n t e d  o u t  t h a t  t h e i r  i s  some q u e s t i o n  as  t o  w h e th e r  t h e s e  

t h r e e  b a c t e r i a  s h o u ld  b e  d e s i g n a t e d  a s  d i f f e r e n t  s p e c i e s  o r  v a r i a n t s  o f  a 

s i n g l e  s p e c i e s  w h ic h  i s  t h e  P e c t o b a c t e r i u m  c a r o to v o r u m . T h is  s p e c i e s  i s  

d i v i d e d  i n t o  f o u r  s u b - t y p e s :  P . c a r o to v o ru m  i t s e l f  ( o r ,  more s t r i c t l y  ,

P . c a ro to v o ru m  v a r .  c a r o to v o r u m ) , P . c a ro to v o ru m  v a r .  a t r o s e p t i c u m ,

P .c a r o t o v o r u m  v a r .  a r o i d e a e  an d  P . c a r o t o v o r u m  v a r .  c h r y s a n t h e m i . I n  I n d i a ,  

H in g o r a n i  & Addy (1953)  r e a c h e d  e s s e n t i a l l y  t h e  same c o n c l u s i o n s ,  t h e y  

r e c o g n i z e d  two s p e c i e s ,  E r w i n i a  c a r o t o v o r a  and  E . a t r o s e p t i c a  and  c o n s i d e r e d  

E . a r o i d e a e  as  a  n o n - g a s  f o rm in g  s t r a i n  o f  E . c a r o t o v o r a .  I t  h a s  b e e n  fo u n d  

a l s o  t h a t , E . c a r o t o v o r a  and  E . a r o i d e a e  p r o d u c e  a c i d  on e t h a n o l  a g a r ,  

w h e re a s  E. a t r o s e p t i c a  does  n o t  (M assey ,  192^) ; B u r k h o ld e r  & S m i th ,  1 9 ^ 9 ;  

Dowson, 19 5 7 ;  M a lco lm son , 1959)* E c h a n d i  e t  a l , ( 1 9 5 7 ) ,  fo u n d

t h a t  E . a r o i d e a e  p r o d u c e d  H^S a b u n d a n t l y  w h e re a s  t h o s e  o f
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E . c a r o t o v o r a  p ro d u c e d  l i t t l e  o r  n o n e .  They r e g a r d e d  E. a . ro id e a e  as  a  

v a l i d  member o f  t h a t  s p e c i e s  b e c a u s e  o f  i t s  p r o d u c t i o n  o f  h y d ro g e n  

s u l p h i d e ,  i t s  s t r o n g  groivth  a t  Uo^C, and  i t s  c o m p le te  l a c k  o f  gas  fo rm in g  

a b i l i t y  on c a r b o h y d r a t e  s u b s t r a t e s .  S t u d i e s  on t h e  b i o c h e m ic a l  r e a c t i o n s  

u s e d  f o r  s e p a r a t i o n  o f  s o f t - r o t  c o l i f o r m s  a r e  c a r r i e d  o u t  by  many 

i n v e s t i g a t o r s  an d  r e v ie w e d  by  Graham ( 1 9 6 4 ,  1 9 7 2 ) .

The c h a r a c t e r s  o f  t h e  s o f t - r o t  b a c t e r i a  ( P e c t o b a c t e r i u m , W aldee) 

and  t h e i r  d i f f e r e n c e  f rom  E r w i n ia  a m y lo v o ra  ( B u r r i l l )  W inslow  e t  a l . , an d  

E r w i n ia  t r a c h e i p h i l a , a s  d e s c r i b e d  b y  s e v e r a l  i n v e s t i g a t o r s  a r e  sum m arised  

i n  t h e  f o l l o w i n g  t a b l e : -

P e c t o b a c t e r i u m  sp p . E .a m y lo v o ra E . t r a c h e i p h i l a

1 . F a c u l t a t i v e  s a p ro p h y te -

2 . P ro d u c e  p e c t o l y t i c  
enzymes which"'degrade: 
m id d le  l a m e l l a  o f  
h o s t®  •

3 . The m i n . , optimum and 
max. tem p , f o r  t h e i r  
g row th  i n  c u l t u r e  a r e  
2°C , 25°C , 37°C , r e s 
p e c t i v e l y .

4 . Grew w e l l  i n  t h e  d e p th  
o f  s h a k e  c u l t u r e  a s  
w e l l  a s  a t  t h e  s u r f a c e

5 . C e l l s  a r e  r o d - s h a p e d  
2 .2 5  y ioKg X 0 .7 5  y: 
d iam .

6 . O ccu rs  s i n g l y  o r  i n  
c h a in s  and  a t  tem p , 
o f  27^ 0 . o r  h i g h e r  
fo rm  much l o n g e r  
r o d s  and  a l s o  
f i l a m e n t s .

7 . Each r o d  h a s  2 t o  6 
p e r i t r i c h o u s  f l a g e l l a

1 . S t r i c t  t o  l i v i n g  p l a n t s

2 . D e s s i c a t e  i n f e c t e d  
t i s s u e  ( b l i g h t s )  
o f  o r c h a r d  t r e e s .

3 . Optimum t e m p e r a t u r e  
f o r  t h e i r  g ro w th  i n  
c u l t u r e  i s  25“ 26°C.

4 . Grew m ost p r o f u s e l y  
a t  t h e  s u r f a c e  o f  
t h e  s h a k e  c u l t u r e  .

5 . C e l l s  a r e  r o d - s h a p e d  
1 . 5  y l o n g  X 1  y w id e ,  
l o n g e r  fo rm  o f  up t o  
35 y h a v e  b e e n  o b s e r v e d  
i n  c u l t u r e s .

6 . O ccu rs  s i n g l y  b u t  
p a i r s  o r  c h a in s  o f  
3 t o  4 b a c t e r i a  a l s o  
e x i s t .

7 . The b a c t e r i u m  p o s s e s s e s  
f l a g e l l a  o v e r  i t s  
e n t i r e  s u r f a c e .

1 .  Same a s  a m y lo v o ra  .

2 .  C ause  w i l t i n g  o f  
c u c u r b i t s  and  
c lo g g i n g  v a s c u l a r  
t r a c t .

3. Same a s  a m y lo v o ra  .

Grew m o s t l y  a t  t h e  
s u r f a c e  o n l y .

C e l l s  a r e  r o d - s h a p e d
1 .7 5  y l o n g  X  0 . 6 y d i a .  
I n  young  ( 4 - 5 - d a y - o l d )  
c u l t u r e s ,  many o f  t h e  
b a c t e r i a  a p p e a r  
c o c c o i d ,  w i th  d iam . o f
1 .5  y.
O ccu rs  s i n g l y ,  l o n g e r  
c h a i n s  may b e  p r e s e n t .

Each  c e l l  h a s  4 -8  
p e r i t r i c h o u s  f l a g e l l a .
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T hese  c h a r a c t e r s  and  some o t h e r s  hg,ve .b een  .r e p o r t e d  b y  many 

i n v e s t i g a t o r s  (Wood, 1 9 5 1 , 1 9 6 0 ; G regg , 1952 ;  Graham, 1958 ( a ) ,  1 9 6 4 ,

1 9 7 2 ;  C r o s s e ,  1 9 5 9 ;  B u r k h o l d e r ,  I 96O; B i l l i n g  e t  a l . ,  I 96I ;  B iL lâ n g  & 

B a k e r ,  1963 ;  Voros & Goodman, I 9 6 5 ; W elson & D ic k e y ,  19 7 0 ;  S h in d e  & 

L u k e z ic ,  1974 ;  S c h r o th  e t  a l . ,  1 9 7 4 ;  S t a n g h e l l i n i  & M e n e le y ,  1 9 7 5 ) .

Most s t u d i e s  on t h e s e  p h y to p a t h o g e n ic  b a c t e r i a  i n  t h e  s o i l  h a v e  b e e n  

p ro m p te d  b y  t h e  d e s i r e  t o  c o n t r o l  d i s e a s e  r a t h e r  t h a n  t o  e l u c i d a t e  t h e  

e c o lo g y  o f  t h e  c a u s a l  o rg a n is m s  ( C r o s s e ,  I 9 6 8 ) .

The work w h ich  h a s  b e e n  done on t h e s e  shows t h a t  t h e r e  i s  a  b i g  

d i f f e r e n c e  b e tw e e n  t h e  s u r v i v a l  o f  t h e  " s o f t - r o t "  s p e c i e s  and  t h a t  o f  t h e  

o t h e r s .  Many w o rk e rs  h a v e  i s o l a t e d  p h y t o p a t h o g e n ic  b a c t e r i a  from  s o i l  

u s i n g  a  r a n g e  o f  s e l e c t i v e  m ed ia  c o n t a i n i n g  p e c t i n ,  sod ium  p o l y p e c t a t e  

o r  c r y s t a l  v i o l e t  p e c t a t e s  (E c h a n d i  e t  a l . , 1 957 ;  M i l l e r  & S c h r o t h ,  1 9 7 2 ;  

G uppels  & Kelm an, 1 9 7 4 ;  Webb, 1974 ) .

K e r r  (1953) an d  Graham (1958a)  i s o l a t e d  them  from  a  v a r i e t y  o f  S c o t t i s h  

s o i l s  u s i n g  a  d i r e c t  p l a t i n g  techn iqL ue . I t  h a s  b e e n  s u g g e s t e d  h o w e v e r ,  

t h a t  t h e s e  i s o l a t i o n s  a r e  p r o b a b l y  f rom  f ra g m e n ts  o f  p l a n t  o r  a n im a l  d e b r i s  

i n  t h e  s o i l  (L e a c h ,  1 9 3 0 ;  Tamimi & B a n f i e l d ,  I 9 6 9 ) .  V o ro n k e v ic h  ( I 96O, 

1 9 7 3 ) c o n c lu d e d  more p o s i t i v e l y  t h a t  t h e  s o f t - r o t  s p e c i e s  p e r s i s t  i n  

d e c a y in g  p l a n t  r e s i d u e s ,  b u t  t h a t  t h e y  a r e  u n a b le  t o  s u r v i v e  once  t h e s e  

r e s i d u e s  h a v e  b e e n  f u l l y  decom posed .

The o t h e r  s p e c i e s  o f  E r w i n i a  h a v e  b e e n  fo u n d  t o  d e c l i n e  m ore r a p i d l y  i n  

s o i l .  T h is  i s  t o  be  e x p e c t e d  from  t h e i r  g r e a t e r  d e p e n d en c e  on b u r r y  h o s t  

t i s s u e .

E .a m y lo v o ra  h a s  b e e n  fo u n d  t o  d e c l i n e  r a p i d l y  t o  u n d e t e c t a b l e  l e v e l s  

i n  f i v e  weeks i n  u n s t e r i l i z e d  s o i l  and  i n  8 weeks i:: l l i z e d  s o i l  i n

t h e  l a b o r a t o r y .  The r e s u l t s  showed t h a t  loam  and c ^ a y  w ere  m ore f a v o u r a b l e  

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

v e r y  l i t t l e  o r g a n i c  m a t t e r  (A rk ,  1 9 3 2 ) .  By u s i n g  t h e  above  m ethods  o f  

d i r e c t  p l a t i n g ,  and  i n o c u l a t i o n  o n to  s e n s i t i v e  f r u i t s ,  Thomas & P a r k e r  (1933)  

fo u n d  t h a t  some s p e c i e s  f a i l e d  t o  o v e r w i n t e r  i n  n a t u r a l  s o i l s .  T h e se  and  

o t h e r  s i m i l a r  s t u d i e s  a r e  r e v ie w e d  by  S c h r o th  e t  a l . ( 1 9 7 4 ) .
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• E . t r a c h e i p h i l a , t h e  c u c u r b i t  w i l t i n g  p a th o g e n  do es  n o t  s u r v i v e  f o r  

l o n g  i n  t h e  s o i l ,  b u t  o v e r w i n t e r s  w i t h i n  t h e  body  o f  cucum ber b e e t l e s  

w h ic h  t r a n s m i t  t o  s u c c e e d in g  c r o p s  (Rand & C a sh ,  1 9 2 0 ;  B u r k h o l d e r ,  I 9 6 0 ) . 

T h e se  b a c t e r i a  h o w e v e r ,  v a n i s h  v e r y  r a p i d l y  i n  d r y  s o i l  b u t  t h e y  p e r s i s t  

f o r  l o n g e r  i n  w a t e r  l o g g e d  s o i l s  ( L e a c h ,  1 9 ^ 0 ) .

I t  h a s  b e e n  s u g g e s t e d  t h a t  s u r v i v a l  o f  t h e s e  " s h o r t  l i v i n g "  b a c t e r i a

may be  a f f e c t e d  b y  i n t e r a c t i o n s  w i t h  t h e  o t h e r  s o i l  f l o r a .  Lee  ( 1 9 2 0 )

found, t h a t  t h e y  may r e m a in  v i a b l e  a lm o s t  i n d e f i n i t e l y  i n  s t e r i l e  s o i l s ,

and  some i n c r e a s e d  i n  num ber. T h i s  c o u l d  .a ls o  e x p l a i n  t h e i r  b e t t e r  

s u r v i v a l  i n  s o i l s  w i t h  low  m o i s t u r e  c o n t e n t s ,  o r  i n  s o i l s  h e l d  a t  low  

t e m p e r a t u r e ,  t h a n  i n  m o i s t e n e d  warm s o i l s  (Graham , 1 9 5 3 ;  N e ls o n  & S e m en u ik ,  

1 9 6 3 ) .  F o r  t h e s e  r e a s o n s ,  t h e i r  d e c l i n e  i n  s o i l s  h a s  b e e n  a t t r i b u t e d  t o  

t h e  a c t i v i t i e s  o f  a n t a g o n i s t i c  m ic r o - o r g a n i s m s .  P a t r i c k  (1954 )  i s o l a t e d  

a  g r e a t  num ber o f  a n t a g o n i s t s  f ro m  v i r g i n  s o i l s  and  c l a i m e d  t h a t  t h e r e  was 

some c o r r e l a t i o n  b e tw e e n  t h e  s e n s i t i v i t y  o f  t h e  p | i y to p a t h o g e n i c  b a c t e r i a  

t o  t h e s e  o r g a n is m s  and  t h e i r  a b i l i t y  t o  s u r v i v e  i n  t h e  s o i l .  The a u t h o r  

fo u n d  t h a t  E . t r a c h e i p h i l a  was t h e  m o s t  s u s c e p t i b l e  t o  t h e  a n t a g o n i s t i c  

a c t i o n  o f  t h e  s o i l  m i c r o f l o r a .  He n o t e d  t h a t  E r w i n i a  a t r o s e p t : c a  an d  

E . c a r o t o v o r a  h a v e  v e r y  d i f f e r e n t  a n t i b i o t i c  s p e c t r a  from  E r w i n ia  a m y lo v o ra  

and  t h e  E . t r a c h e i p h i l a . Two y e a r s  l a t e r ,  P rid liara  e t  a l . (3 956) fo u n d  

t h a t  E . c a r o t o v o r a  and  E . a r o i d e a e  w e re  t h e  m ost t o l e r a n t  t o  S t r e p to m y c e s  

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

T h e re  h a v e  b e e n  few  s t u d i e s  o f  t h e  e f f e c t s  o f  a u t h e n t i c  v o l a t i l e  

m e t a b o l i t e s  on E r w i n i a  s p e c i e s ;  th o u g h  t h e r e  a r e  many r e c o r d e d  t h e  s tu d y  

o f  t h e  e f f e c t s  o f  CO^ i n  p a r t i c u l a r  and  s o i l  b a c t e r i a  i n  g e n e r a l  e . g .

Gray & W a l l a c e ,  1 9 5 7 ;  S t o t z k y  & G oes ,  1965s 1 9 6 6 ;  W e l l s ,  1 9 7 4 ;  N i e l s o n ,  

1964, h o w e v e r ,  c o n c lu d e d  t h a t  e x p o s u r e  t o  up t o  20^ o f  CO2 had  
no e f f e c t  on t h e  r a t e  o f  d e c a y  o f  p o t a t o  t u b e r s  i n f e c t e d  w i t h  
E. a r o i d e a e  , E. a t r o s e p t i c a  o r  E. c a r o t o v o r a .
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I I .  2. EXAMNATIQN OF THE EFFECTS ON MEASURABLE VISIBLE GROWTH IN AGAR 

CULTURE .

A b r i e f  p r e l i m i n a r y  i n v e s t i g a t i o n  was made b y  m e a s u r in g  g r o s s  

m a c ro s c o p ic  e f f e c t s  on " s t r e a k  i n o c u l a e "  i n  a g a r  s u r f a c e s .  I t  was 

a p p r e c i a t e d  t h a t  t h i s  c ru d e  t e c h n i q u e  c o u ld  r e v e a l  o n ly  g r o s s  i n h i b i t o r y  

e f f e c t s ;  i f ,  h o w e v e r ,  t h e  r e s p o n s e s  w ere  s u f f i c i e n t l y  s e n s i t i v e  i t  w ould  

be  a s im p le  and  q u ic k  m ethod  and  i t  w ou ld  p e r m i t  d i r e c t  c o m p a r is o n  w i t h ,  

t h e  w ork on f u n g i .  I t  seem ed s e n s i b l e  t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  

b e f o r e  d e v e lo p in g  more e l a b o r a t e  w ork .

MATERIALS & METHODS

Two ml o f  an  aq u e o u s  s u s p e n s i o n  o f  c e l l s  from  a  4 - t o  5"d6-y o l d  c u l t u r e  

o f  t h e  b a c t e r i a l  s p e c i e s  b e i n g  exam ined  was s p r e a d  e v e n ly  o v e r  t h e  s u r f a c e  

o f  a  P e t r i  d i s h  p l a t e  'o f  B o u i l l o n  A gar and  l e f t  on t h e  l a b o r a t o r y  b e n c h  f o r  

a  few m in u te s  - u n t i l t h e  f r e e  l i q u i d  h a d  b e e n  a b s o r b e d .  The a g a r  was t h e n  

s l i c e d  t o  g i v e  b l o c k s  m ean ing  o f  (35 mm lo n g  x 15 nrni w ide  x 3 mm d e e p ) ,  

and t h r e e  r e f e r e n c e  l i n e s  w ere  drawn w i t h  a s t e r i l e  i n o c u l a t i n g  lo o p  on t h e  

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

b l o c k s  u s e d  i n  any t e s t .  The b l o c k s  w ere  t h e n  p l a c e d  on a  g l a s s  s t r i p

and  i n s e r t e d  i n t o  Roux, b o t t l e s  ( F i g u r e  3 7 ) .  The Roux b o t t l e s  c o n t a i n e d  

0 . 5 " !  ml o f  d e i o n i z e d  w a t e r ,  s u p p le m e n t  t o  k e e p  t h e  a tm o s p h e re  a t  100% R.H. 

and  t o  p r e v e n t  d r y in g  o u t  t h e  g a s .  They w ere  t h e n  a t t a c h e d  t o  7 ~ d .ay -o ld  

T r ie h o d e rm a  c u l t u r e s  on 2% m a l t  a g a r  i n  t h e  n o rm a l way f o r  p a i r e d  a s s e m b l i e s  

( S e c t i o n  I . 3 . c .  ) ,  o r  f i t t e & i t h  se rum  c a p s  t h r o u g h  w h ic h  known am ounts o f  

t e s t  m a t e r i a l s  w ere  i n t r o d u c e d  by  t h e  s t a n d a r d  t e c h n i q u e  f o r  t e s t s  o f  

a u t h e n t i c  m e t a b o l i t e s .  T h re e  i n o c u l a t e d  a g a r  b l o c k s  w ere  s e t  up  i n  e a c h  

o f  t h e s e  Roux b o t t l e s  f o r  e a c h  t r e a t m e n t ;  s u b s e q u e n t  g ro w th  on t h e  r e f e r e n c e  

l i n e s  was com pared  w i t h  t h a t  on t h e  same number and  a rrangem .en t  o f  r e p l i c a t e  

b l o c k s  i n  c o n t r o l  a s s e m b l i e s  c o n t a i n i n g  a i r  o r  p a i r e d  w i t h  Roux b o t t l e s  

c o n t a i n i n g  u n i n o c u l a t e d  2% m a l t  a g a r  ( F i g u r e  2 ) .  A f t e r  e x a m in a t io n  

s c r a p i n g s  from  t h e  i n o c u l a t e d  s u r f a c e  on w h ich  no g ro w th  w'as v i s i b l e  w ere  

t r a n s f e r r e d  t o  s l o p e s  o f  B o u i l l o n  a g a r ;  and  any  g ro w th  on t h e s e  s lo p e s  

d u r i n g  7 days  f u r t h e r  i n c u b a t i o n  i n  n o rm a l  a i r  was r e c o r d e d .  A l l  c u l t u r e s  

w ere  i n c u b a t e d  a t  24^0 i n  t h e  d a r k .
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RESULTS

The r e s u l t s  a r e  r e c o r d e d  i n  a p p e n d ix  t a b l e s  IUA t o  lU 0 . I n  

t h e s e  g ro w th  i s  r e c o r d e d  by  eye  on a  s c a l e  from  0 = no v i s i b l e  g ro w th  

t o  3 ^ groT-rth e q u a l  t o  t h e  maximum p r o d u c e d  i n  c o n t r o l  c u l t u r e s  a t  

t h e  end o f  t h e  e x p e r im e n t .  A l l  c u l t u r e s  w ere  i n c u b a t e d  and  exam ined  

d a i l y  f o r  J d a y s .  Ho c h a n g e s  w ere  s e e n  i n  any  c u l t u r e  a f t e r  t h e  l 4 t h  

day . The groi-Tth i n  t h e  s u b c u l t u r e s  made from  t h e  s c r a p i n g s  t a k e n  from

u n i n o c u l a t e d  s u r f a c e s  on t h e  7t h  day  i s  shown i n  t h e  f i n a l  colum n.

D i s c u s s i o n  AHD CONCLUSION

The t e s t s  w i t h  t h e  T r ic h o d e rm a  c u l t u r e s  (A ppend ix  13) d i d  n o t  

r e v e a l  any  e f f e c t s  on b a c t e r i a l  g ro w th .  They do n o t ,  h o w e v e r ,  show 

t h a t  no su ch  e f f e c t s  w ere  p r e s e n t ;  i n  p a r t i c u l a r  t h e y  do n o t  m ea su re  

any  q u a l i t a t i v e  e f f e c t s  w h ic h  may h a v e  d e v e lo p e d .  I t  was a p p r e c i a t e d  

t h a t  some o b v io u s  r e f i n e m e n t s  c o u ld  make t h e  t e c h n i q u e  m ore i n f o r m a t i v e ;  

e . g .  more r i g o r o u s l y  c o n t r o l l e d  an d  l e s s  d e n s e  i n o c u l a e  m ig h t  r e s u l t  i n  

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

d i f f e r e n t  t r e a t m e n t s .  An econom ic way t o  e x p lo r e  t h i s  p o s s i b i l i t y  

seem ed t o  d e te r m in e  t h e  d e g r e e  t o  w h ic h  c o n c e n t r a t i o n s  o f  m e t a b o l i t e s  

known t o  be  commonly p r e s e n t  above  T r ic h o d e rm a  c u l t u r e s  a p p ro a c h e d  t h e  

i n h i b i t o r y  l e v e l  r e q u i r e d  t o  p r e v e n t  v i s i b l e  c o lo n y  d e v e lo p m e n t  i n  t h e s e  

c o l o n i e s .

The r e s u l t s  o f  t h e s e  t e s t s  sum m arised  i n  t e x t  t a b l e  6 s u g g e s t  t h a t  

t h e  c o n c e n t r a t i o n s  r e q u i r e d  f o r  b a c t e r i o s t a s i s  a r e  s u b s t a n t i a l l y  h i g h e r  

t h a n  t h o s e  fo u n d  i n  T r ic h o d e rm a  c u l t u r e s .  I n  a p p e n d ix  t a b l e s

l^iA t o  ik 0 t h e  l a s t  colum n i n d i c a t e s  t h e  v i a b i l i t y  o f  b a c t e r i a  a f t e r  

s u b c u l t u r i n g  t o  f r e s h  m ed ia  i n  a i r .  The r e s u l t s  i n d i c a t e  t h a t  t h e  

b a c t e r i c i d a l  c o n c e n t r a t i o n s  a r e  l i k e l y  t o  b e  v e r y  much h i g h e r  t h a n  t h o s e  

r e c o r d e d  i n  t e x t  t a b l e  6 .

I t  was c o n c lu d e d  t h a t  f u r t h e r  d e v e lo p m en t  o f  t h i s  t e c h n i q u e  i s  

u n l i k e l y  t o  b e  a  p r o f i t a b l e  u s e  o f  e f f o r t .



87

y
•H

co
(U• H  cd
§.7l
o  ’H 0) 

P  a 
cd

CD -p 
P  ■
O H  
cd

r û

(H

p
MO o
h 5I—j CJ
'd . •rd H

•H
O  cd 
•H Ü

•H P- 0)
O  CO 
-p O

Pfp -P 
(U cd

•H H
â
(Dh 0) 

cd
co (D p Tj 
O -H

Cd cd 

-P H
§
o
o u
 ̂ > 

a  o
a

•H 9  
P  cd

H

co
CD
-P•H Tj 
H  (U 
O -P 
O  co 
cd CD 
-P -1-3 
(ü

P P P P P
•H •H •H •H •H >
cd cd cd P 0

LT\ î>
H H O LTN rH r-iO O o CVJ en "6%

Cî< cH cH cd O
o H •H o • H d •H o ■H en
H H r-| H H
A A

d d d d rH 0
a a a a a a

p
0

nd
O
.p0
•H

p p p p p > P
•H •H •H •H •H E4
cd cd UA cd Cd 0 >

O <H
O iH O H o H LP\ rH en rH O

o
O H cd o ci' O d o a ' en w
H •H •H •H •H 0
A H H rH H A

D 9
p
ü
0

> p
P P P p p•H • H LTN •H •H •H > ACd cd O cd LT\ cd 0

O O o OJ m «H
H H _H O O

O H o O o en
rH D* (H cd a ’ M
A •H • iH •H 'H A 0

H rH rH H W
0
hO

P P P P P > ü
•H •iP •H "H •H 0
Cd cd Cd Cd 0 > A

H 0
O H O H O rH LT\ rH vo H '&9. 1

O td
O H cd O cH O cd o cd en 0
H *H •H •H «H 0

H H H rH A X
A

d d d d d P
a a a a a •H
p p p p p fp

• H • H •H •H •Hcô cd Cd cd 0 >
O

H H H H rH > A
rH

O O a ' O Cjl LA cd en cd w
•H •H •H ■H o p

O H H O rH O r—1 o H en o
r-| • H

d d d d d A 4-3
A a a a a a 0

P
P
P
0
ü
P
O
O

CD
td

cd r>5
X aCD

P r t cd r ~ i
CD
Rd T ~\ CD m H 1— 1 n ’m(D H •H H H P H O 0

r-i O P H cd O O O aO q O P> O P O H o
rP a CD 0 rP CX] en II
-P O a o q O q O P CD o
(D 3— ) cd cd cd L J 0

1___1 o i_J 0



PART I I .3

EXAI'IEHATION OF THE EFFECTS ON GROWTH AND 

SURVIVAL IN SOIL



88

I I . 3 EXAMINATION OF THE EFFECTS ON GROWTH AND SUl^VIVAI, IN SOIL.

INTRODUCTION

From t h e  a u t h o r ' s  p r e v i o u s  w ork w i t h  t h e s e  b a c t e r i a  and  from 

c o n s i d e r a t i o n  o f  t h e  r e p o r t s  i n  t h e  l i t e r a t u r e  r e v i e w ,  i t  seemed 

a p p r o p r i a t e  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  T r ic h o d e rm a  v o l a t i l e s  on 

r e p r e s e n t a t i v e s  o f  t h e  two e c o l o g i c a l  t y p e s  i n  t h e  g e n u s .  E . t r a c h e i p h i l a  

and  E . a r o i d e a e  w ere  c h o s e n  as  c o n v e n ie n t  r e p r e s e n t a t i v e  o f  e a c h .

I t  was a l s o  a p p a r e n t  t h a t  t h e  i n t e r a c t i o n s  w ould  be  l i k e l y  t o  be 

a f f e c t e d  s u b s t a n t i a l l y  by  t h e  medium on w h ic h  t h e  b a c t e r i a  w ere  grown.

A c o m p re h e n s iv e  i n v e s t i g a t i o n  o f  a l l  t h e  i n t e r a c t i o n  w ou ld  n o t  b e  p o s s i b l e  

w i t h  t h e  t im e  and  l a b o u r  a v a i l a b l e .  F u r th e r m o r e ,  i t  seem ed s e n s i b l e  t o  

s t a r t  w i t h  a  l i m i t e d  i n v e s t i g a t i o n  t o  s e e  w h e th e r  new i n f o r m a t i o n  o f  

s i g n i f i c a n t  g e n e r a l  i n t e r e s t  was l i k e l y  t o  b e  i n v o lv e d .

From p r e v i o u s  w ork  i t  seem ed m ore l i k e l y  t h a t  any  e f f e c t s  w hich  we 

c o u ld  i d e n t i f y  w ou ld  be  due  t o  t h e  l i b e r a t i o n  o f  common p r im a r y  m e t a b o l i t e s .  

T h is  d e t e r m i n a t i o n  w ou ld  b e  a  u s e f u l  s t e p  i n  t h e  d e v e lo p m e n t  o f  k n o w le d g e ,  

b u t  i t s  n a t u r e  w ou ld  n o t  b e  a  good j u s t i f i c a t i o n  f o r  m a jo r  s p e n d in g  o f  

p u b l i c  money.

Hence a  s im p le  i n v e s t i g a t i o n  was c a r r i e d  o u t  on t h e  same g e n e r a l  l i n e s  

a s  w ere  u s e d  f o r  t h e  above  work w i t h  a s s a y  f u n g i .

METHODS

The f o l l o w i n g  m ed ia  w ere  u s e d : -

( a )  a  m ixed  g a r d e n  loam . T h is  was c o l l e c t e d  a s  a  s i n g l e  sam p le  from  

a e r a t e d  p l o t  i n  t h e  U n i v e r s i t y  g ro u n d  a t  G a rscu b e  E s t a t e ,  G lasgow , 

N.W. The w i d e r  sam ple  u s e d  i n  t h e  i n v e s t i g a t i o n  was c o l l e c t e d  a t  

one  t i m e ,  a i r  d r i e d ,  m ixed  t h o r o u g h l y  and  p a s s e d  th r o u g h  a No. 8 

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

r e q u i r e d ' .

(b )  a  f i n e  g r a i n  c l a y ,  s u p p l i e d  by  t h e  Glasgow S c h o o l  o f  A r t s .

( c )  an  a c i d  w ashed  s a n d ,  s u p p l i e d  by  M e ss r s .  H opk ins  & W i l l i a m s .
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(d )  B o u i l l o n  a g a r .  As d i s c u s s e d  i n  t h e  G e n e ra l  Methods^ l . a .

The s o i l  c u l t u r e s  w e re  p r e p a r e d  h y  p l a c i n g  50g o f  a i r  d r i e d  s o i l  i n  a  

Roux, b o t t l e ,  and  a d d in g  t h e  maximum amount o f  d e i o n i s e d  w a t e r  t o  s a t u r a t e

t h e  s o i l  w i t h o u t  l e a v i n g  f r e e  w a t e r  on t h e  s u r f a c e .  T h is  was

o f  t h e  o r d e r  o f  20 m l. A gar c u l t u r e s  w ere  p r e p a r e d  by  a d d in g  TO ml o f  

B o u i l l o n  a g a r  t o  a  Roux b o t t l e .  The b o t t l e s  w ere  p lu g g e d .a n d  a u t o c l a v e d  

a t  120°C f o r  one h o u r .

F iv e  ml o f  an aq u eo u s  s u s p e n s i o n  o f  c e l l s  from  a  4 - t o  5“ d a y ~ o ld  c u l t u r e  

o f  E r w i n i a  s p e c i e s  u n d e r  t e s t  was ad d ed  t o  e a c h  c o o le d  f l a s k  and  t h e  c o n t e n t s  

o f  t h e  b o t t l e  w i t h  s o i l  w e re  sh a k e n  t o  d i s t r i b u t e  t h e  i n o c u l a e  as  e v e n ly  as  

p o s s i b l e  t h r o u g h  t h e  medium. The same s u s p e n s i o n  was u s e d  f o r  e a c h  f l a s k

i n  any  one t e s t .

The e f f e c t s  o f  c u l t u r e  g a s e s  w e re  exam ined  b y  j o i n i n g  t h e s e  s o i l  o r  

a g a r  c u l t u r e s  w i t h  T - d a y - o l d  c u l t u r e s  o f  T r ic h o d e rm a  s p e c i e s  on m a l t  a g a r  

i n  s t a n d a r d  p a i r e d  a s s e m b l i e s .

The e f f e c t s  o f  a u t h e n t i c  m e t a b o l i t e s  w ere  exam ined  b y  a l l o w i n g  known 

am ounts  t o  v o l a t i l i z e  i n  t h e  b o t t l e  b y  t h e  s t a n d a r d  s i n g l e  Roux b o t t l e

t e s t s  ( c f .  G e n e ra l  M ethods ,  l . b .  ) .

T e s t  c u l t u r e s  and  c o n t r o l s  w ere  s e t  up  i n  t r i p l i c a t e  i n  e a c h  c a s e  

and  t h e y  w e re  i n c u b a t e d  i n  t h e  d a r k  i n  an  a i r  c o n d i t i o n e d  room a t  2^^C ,

70- 80% R.H. 5 ml s a m p le s  o f  h e a d  s p a c e  g a s e s  w ere  t a k e n  b y  g a s  s y r i n g e  on 

t h e  day  o f  a s s e m b ly  and on t h e  T th  d a y ,  and  a n a l y s e d  by  t h e  s t a n d a r d  G .I ' .C . 

t e c h n i q u e .

A f t e r  i n c u b a t i o n  t h e  num ber o f  v i a b l e ,  b a c t e r i a l  c e l l s  i n  e a ch  c u l t u r e  

was e s t i m a t e d  b y  s h a k in g  1 gram  o f  t h e  c u l t u r e  medium i n  9 ml o f  d e i o n i z e d  

w a t e r ,  m aking  s e r i a l  d i l u t i o n  o f  t h e  s u s p e n s i o n  i n  w a t e r  an d  p l a t i n g  o u t  

s a m p le s  o f  a p p r o p r i a t e  d i l u t i o n  on B o u i l l o n  a g a r  p l a t e s .  The num ber o f  

c o l o n i e s  on t h e  p l a t e s  w ere  c o u n te d  a f t e r  t h e y  h a d -  b e e n  i n c u b a t e d  a t  2^°C 

f o r  ^8 h o u r s  i n  t h e  d a r k .
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RESULTS

The r e s u l t s  o f  t h e  r e p l i c a t e  i n v e s t i g a t i o n s  o f  t h e  e f f e c t s  o f  c o m p le te  

c u l t u r e  g a s e s  on b a c t e r i a  a r e  g iv e n  i n  a p p e n d ix  t a b l e s  ( 15A t o  1 5 R ) • The 

r e s u l t s  o f  t h e  r e p l i c a t e  i n v e s t i g a t i o n s  o f  t h e  e f f e c t s  o f  a i r / g a s  m ix t u r e s  

o f  a u t h e n t i c  m e t a b o l i t e s ,  i n  t h e  r a n g e  o f  c o n c e n t r a t i o n s  a t  w h ich  t h e y  

a r e  fo u n d  i n  c u l t u r e  g a s e s ,  a r e  g i v e n  i n  a p p e n d ix  t a b l e s  ( i6A  t o  i 6 h ) .

The r e s u l t s  a r e  su m m arised  i n  t e x t  t a b l e  ( 7 )•  The c r i t i c a l  

c o m p a r is o n s  o f  t h e s e  e f f e c t s  a r e  made i n  t e x t  f i g u r e s  ( 38 and  39 ) and  

t e x t  t a b l e s  ( 8 an d  9 )•  A ppend ix  t a b l e s  ITA an d  I 7B g i v e  t h e  r e s u l t s  

o f  an  i n v e s t i g a t i o n  o f  t h e  c h a n g e s  i n  c o n c e n t r a t i o n  o f  known m ix t u r e s  o f  

a u t h e n t i c  a c e t a l d e h y d e  an d  CO^ d u r i n g  s t o r a g e  above  s t e r i l e  s o i l s  and  a g a r .  

T h e se  a r e  sum m arised  i n  t e x t  f i g u r e s  Uo an d  U l .

DISCUSSION AMD CONCLUSION

The r e s u l t s  i n  a l l  r e p l i c a t e s  a r e  so  c l o s e l y  s i m i l a r  i n  a l l  i m p o r t a n t  

r e s p e c t s  t h a t  t h e  c o r r e l a t i o n s  a r e  o b v i o u s l y  s i g n i f i c a n t  w i t h o u t  f u r t h e r  

m a t h e m a t ic a l  a n a l y s i s .  The i n c o n s i s t e n c y  i n  some r e s u l t s  w i t h  E x p t s .  I l l  

do n o t  seem t o  b e  s u f f i c i e n t l y  l a r g e  t o  a f f e c t  t h i s  d e c i s i o n .

From t e x t  t a b l e  ( T )> t e s t s  I  an d  I I  t h e  r e c o r d e d  i n h i b i t i o n  o f  b o t h  

b a c t e r i a l  s p e c i e s  i s  g r e a t e r  i n  a s s e m b l i e s  w i t h  T . v i r i d e  1 t h a n  i n  t h o s e  

w i t h  T . l o n g i b r a n c h i a t u m  WBC 4576 . T h is  i s  c o n s i s t e n t l y  so f o r  a l l  t e s t s  

and  m ed ia  u s e d .  The d i f f e r e n c e s  i n  am ounts o f  CO^ p ro d u c e d  b y  t h e s e  s p e c i e s  

c o u ld  a c c o u n t  f o r  t h i s  d i f f e r e n c e  ( t e x t  f i g u r e s  38 and  3 9 )•  D i f f e r e n c e s  i n  

t h e  am ounts o f  e t h a n o l  p r o d u c e d  may a l s o  c o n t r i b u t e  a p p r e c i a b l y  t o  t h e  

e f f e c t s  a g a i n s t  E . a r o i d e a e  b u t  n o t  t o  t h o s e  a g a i n s t  E . t r a c h e i p h i l a ; none 

o f  t h e  o t h e r  m e t a b o l i t e s  exam ined  seem l i k e l y  t o  h av e  c o n t r i b u t e d  a p p r e c i a b l y  

t o  any i n h i b i t i o n  o f  e i t h e r  s p e c i e s .  I t  i s  l i k e l y ,  h o w e v e r ,  t h a t  q u i t e  

s m a l l  d i f f e r e n c e s  i n  e n v i r o n m e n t a l  c o n d i t i o n s  m ig h t  r e s u l t  i n  some o f  them  

p l a y i n g  a  h i g h e r  p a r t  i n  some i n t e r a c t i o n s .

S i m i l a r l y  t h e  d i f f e r e n c e s  i n  s e n s i t i v i t y  o f  t h e  tw o b a c t e r i a l  s p e c i e s  

t o  c a rb o n  d i o x i d e  c o u ld  a c c o u n t  f o r  d i f f e r e n c e s  i n  r e s p o n s e  t o  T r ic h o d e rm a  

c u l t u r e  g a s e s  on a l l  t h e  m ed ia  t e s t e d  ( t e x t  t a b l e  8 ) .

From t e x t  t a b l e  (9 )  i t  a p p e a r s  t h a t  many more v i a b l e  c e l l s  w ere  

r e c o v e r e d  from  c u l t u r e s  on loam  t h a n  on c l a y  o r  s a n d  and  many m ore w ere  

o b t a i n e d  from  a g a r  c u l t u r e s  t h a n  f rom  loam . I n  many c a s e s  t h e  s m a l l e r
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v i a b l e  p o p u l a t i o n  c o r r e l a t e s  w i t h  t h e  lo w e r  amount o f  i n h i b i t i o n  w i t h  t h e  

p r e s e n c e  o f  t h e  T r ic h o d e rm a  c u l t u r e  g a s e s  and  o f  t h e  a u t h e n t i c  C O ^ /a i r  

m i x t u r e s .  T h is  was n o t  s u f f i c i e n t l y  c o n s i s t e n t ,  so  t o  b e  u n e q u iv o c a l  

e v id e n c e  o f  t h e  p o p u l a t i o n  i n  t h e  l e s s  f a v o u r a b l e  g ro w th  m ed ia  b e i n g  l e s s  

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

c o m p a r is o n  o f  r e c o r d  o f  i n h i b i t i o n  o f  E . t r a c h e i p h i l a  by  30% CO^ and  t h e  

v e r y  h ig h  num bers o f  s u r v i v i n g  c e l l s  i n  t h e  c o n t r o l s  does  n o t  f i t  t h i s  

h y p o t h e s i s .  I t  may b e ,  h o w e v e r ,  t h a t  t h i s  i s  an  optimum n u t r i t i v e  

c o n d i t i o n  f o r  i n h i b i t i o n  and  t h a t  t h e  loam  s o i l  p r o v i d e s  an  e n v iro n m e n t  

n e a r e r  t o  t h i s  t h a n  t h a t  p r o v i d e d  by  t h e  o t h e r  s o i l s  and  b y  t h e  a g a r .

From t e x t  f i g u r e s  4o an d  4 l  i t  a p p e a r s  t h a t  t h e r e  i s  a  d i f f e r e n c e  i n  

t h e  amount o f  s o r p t i o n  o f  t h e  m e t a b o l i t e s  by  t h e  d i f f e r e n t  s o i l s  and a g a r .  

The g r e a t e s t  s o r p t i o n  was shoira b y  c l a y  and  a g a r ,  i n  w h ich  l e a s t  i n h i b i t i o n  

was m e a su re d .  T h i s  r e l a t i o n s h i p  i s  n o t  c o n s i s t e n t l y  s i m i l a r  t o  t h e  o t h e r  

m é d i a s ,  h o w e v e r .  T h e re  i s  a p p a r e n t l y  more s o r p t i o n  by  loam  t h a n  by  s a n d ,  

b u t  more i n h i b i t i o n  by  loam  t h a n  s a n d .  I t  may b e ,  h o w e v e r ,  t h a t  t h e r e  i s  

an  i n t e r a c t i o n  h e r e  b e tw e e n  r e d u c t i o n  o f  g a s  c o n c e n t r a t i o n  and  i n c r e a s e  i n  

i n h i b i t i v e  l e v e l  o f  t h e  loam .
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F igure 38 A. E f f e c t s  o f  T .v ir id e  1 ( l e f t )  and T .lon g ib ran ch iatu m  WBC 1)5T6 

( r ig h t )  on growth . ‘ s u r v iv a l o f  E rw in ia tr a c h e ip h i la  on 

7 th  daj' a f t e r  p a ir in g .
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F igu re 38 B. Range and mean o f  amounts o f  i d e n t i f i e d  gaseou s m e ta b o lite s  

(a c e ta ld eh y d e  ^  , aceton e  ^  , e th a n o l $  and CÔ  J  ) found  

in  t e s t  a s se m b lie s  on th e  Tth day a f t e r  p a ir in g . + = Mean.
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F igure 38 C. E f fe c t s  o f  maximum c o n c en tr a tio n s  o f  i d e n t i f i e d  gaseou s

m e ta b o lite s  found in  T .v ir id e  1 ( l e f t )  and T. longibranch iatu m  

WBC (r ig h t )  -  p a ired  a sse m b lies  on E. t r a c h e ip h i la .
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Figure 39 A. E f fe c t s  o f  T. v ir id e  1 ( l e f t )  and T . longibranch iatu m  WBC 1*576 ( r ig h t )  

on growth and s u r v iv a l o f  Erw inia aro id eae  on 7 th  day a f t e r  p a ir in g

Figure 39 B. Range and mean o f  amounts o f  id e n t i f i e d  gaseou s m e ta b o lite s

(a ce ta ld eh y d e  ^  , aceto n e  Y , e th an o l ^  and CÔ  J  ) found 

in  t e s t  a s se m b lies  on th e  7th  day a f t e r  p a ir in g . + = Means.
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Figure 39 C. E f fe c t s  o f  maximum co n c en tr a tio n s  o f  id e n t i f i e d  gaseou s m e ta b o lite s  

found in  T .v ir id e  1 ( l e f t )  and T .lon gib ran ch iatu m  WBC 1*576 ( r ig h t ) -  
p a ired  a ssem b lies  on E .a ro id ea e .
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Figure Uo Changes in concentration of volatiles of authentic 
acetaldehyde (O.Ol ml liquid/litre air) in test 
assemblies of agar, loam, clay, and sand compared 
to dry air; expressed as % of concentration of each, 
present immediately after the assemble.
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as % of concentration.of each, present immediately 
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THE DEVELOPMENT OF A SIMPLE APPARATUS USED TO AERATE CULTURES WITH 

mom  CONCENTRATIONS OF CO /AIR MTXTURES.

INTRODUCTION :

From p r e v i o u s  work i n  t h i s  d e p a r tm e n t  and  e a r l i e r  e x p e r im e n t s  i n  

t h i s  i n v e s t i g a t i o n  i t  seem ed l i k e l y  t h a t  c a rb o n  d i o x i d e  w ould  be  fo u n d  

t o  p l a y  a  b i g  p a r t  i n  t h e  i n t e r a c t i o n s .  I t  a l s o  seem ed l i k e l y  t h a t  

t h e  i n v e s t i g a t i o n s  w ould  i n v o l v e  some d e t e r m i n a t i o n  o f  t h e  r a t e  a t  w hich  

t h e  c o n c e n t r a t i o n  i n  an  a s s e m b ly  b u i l d  up t o  an i n h i b i t o r y  l e v e l .  The 

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

c o n s i s t e n t  c o n c e n t r a t i o n s -  t h i s  w ould  n o t  be  p o s s i b l e  i n  t h e  s im p le  s e a l e d  

a s s e m b l i e s ,  a s  t h e  b u i l d  up t o  COg th r o u g h  r e s p i r a t i o n  o f  t h e  a s s a y  c e l l s  

w i l l  p ro d u c e  a  c o n t i n u o u s l y  i n c r e a s i n g  c o n c e n t r a t i o n  d u r i n g  t h e  t e s t .

Hence i t  seemed n e c e s s a r y  t o  d e v e lo p  a  r e f l o o d i n g  sy s te m . The same 

p ro b le m  w o u ld ,  o f  c o u r s e ,  h av e  b e e n  i n v o lv e d  i f  any o f  t h e  o t h e r  p r im a ry  

m e t a b o l i t e s  w ere  shown t o  b e  p ro d u c e d  i n  any s i g n i f i c a n t  i n h i b i t o r y  

c o n c e n t r a t i o n .

The a p p a r a tu s  w h ich  was d e v e lo p e d  i s  shown i n  a p p e n d ix  f i g u r e  ( 1 ) .

The d e v e lo p m en t  o f  t h i s  a p p a r a t u s  i n v o lv e d  t h e  f o l l o w i n g  i n v e s t i g a t i o n s ,  

u s i n g  20^ COp v o lum e / volume o f  a i r  s p a c e  m ix tu r e  t h r o u g h o u t .

( a)  U n i f o rm i ty  o f  movement o f  g a s e s  t h r o u g h  m a n i f o ld  o u t l e t s  from  t h e  

a p p a r a t u s .

I n  t h e  e a r l y  v e r s i o n  o f  t h e  a p p a r a t u s  t h e  o u t l e t  o f  C o n t a in e r  'A ' 

was f i t t e d  w i t h  a  m a n i f o ld  from  w h ich  i t  was hoped  t o  a e r a t e  s e v e r a l  

Roux b o t t l e s  s im u l t a n e o u s l y .

To t e s t  t h e  u n i f o r m i t y  o f  movement o f  gas  m ix t u r e  t h r o u g h  t h e  

o u t l e t s  from  t h i s  m a n i f o ld  a  20% C O p /a i r  m ix tu r e  was made i n  uhe  c o n t a i n e r ,  

a  s i n g l e  Roux b o t t l e  was t h e n  a t t a c h e d  t o  e a ch  o f  f i v e  o u t l e t s  o f  t h e  

m a n i f o l d ,  t h e  a p p r o p r i a t e  t a p s  w ere  opened  and  f i v e  l i t r e s  o f  t h e  m ix t u r e  was 

d i s p l a c e d  th r o u g h  t h e  Roux b o t t l e .  The b o t t l e s  w ere  t h e n  s e a l e d  and  t h e

amount o f  CO,  ̂ i n  e ach  was m e a s u re d  by  3 r e p l i c a t e  C. L. C. a n a l y s i s .  T h is  

e x p e r im e n t  was r e p e a t e d  f o u r  t i m e s .  The r e s u l t s  a r e  g i v e n  i n  t a b l e  ( 1 )



109

E m p i r i c a l  o b s e r v a t i o n  o f  t h e  r e s u l t s  sho^vm t h a t  t h e r e  a r e  u n a c c e p t a b l e  b i g  

d i f f e r e n c e s  b e tw e e n  t h e  am ounts o f  CO^ i n t r o d u c e d  i n t o  t h e  b o t t l e s .  T h e re  

i s  no i n d i c a t i o n  o f  any c o n s i s t e n t  r e l a t i o n s h i p  b e tw e en  t h e  p o s i t i o n  o f  a  

b o t t l e  on t h e  m a n i f o ld  u s e d  and  t h e  r e l a t i v e  amount o f  CO^ d e l i v e r e d  i n t o  

i t  i n  r e p l i c a t e  e x p e r i m e n t s .  The d i f f e r e n c e s  b e tw e e n  r e a d i n g s  f o r  b o t t l e s  

a r e  o b v i o u s l y  v e r y  much b i g g e r  t h a n  t h e  s m a l l  d i f f e r e n c e s  fo u n d  i n  G .L .C . 

m easu rem en ts  o f  r e p l i c a t e  s a m p le s  from  b o t t l e s .

I n  s u c c e e d in g  e x p e r im e n t s  g a s  m ix t u r e s  w ere  made up s i m i l a r l y  and  

one l i t r e  b a t c h e s  w e re  p a s s e d  s u c c e s s i v e l y  i n t o  s i n g l e  b o t t l e s  a t t a c h e d  

t o  t h e  m a n i f o ld .  The b o t t l e s  w ere  s e a l e d  and  t h e i r  CO^ c o n t e n t s  w ere  

d e te r m in e d  as  ab o v e .  The r e s u l t s  a r e  g iv e n  i n  t a b l e  ( 2 )..

E m p i r i c a l  o b s e r v a t i o n  shows t h a t  t h e  d i f f e r e n c e s  b e tw e e n  am ounts o f  CO^ 

i n t r o d u c e d  i n t o  t h e  b o t t l e s  was s u b s t a n t i a l l y  r e d u c e d ,  b u t  t h a t  t h e  

d i f f e r e n c e s  b e tw e e n  th em  was s t i l l  u n a c c e p t a b l e  h i g h .  Two p o s s i b l e  

c a u s e s  o f  t h i s  i r r e g u l a r i t y  w ere  t h e n  exam ined .

( i ) The u n i f o r m i t y  o f  t h e  m ix t u r e  o f  g a s e s  p r e p a r e d  i n  t h e  c o n t a i n e r .

Gas m i x t u r e s  w ere  made by p a r t i a l l y  e v a c u a t in g  t h e  c o n t a i n e r  and  

r e t u r n i n g  i t  t o  a tm o s p h e r i c  p r e s s u r e  by  t h e  a d d i t i o n  o f  a u t h e n t i c  00 ,̂ 

( B r i t i s h  Oxygen Com pany). T horough  m ix in g  o f  t h e  c o n t e n t s  was t h e n  

e f f e c t e d  by  r o t a t i n g  t h e  p a d d le  a t  TOO r . p . m .  f o r  a p p r o x i m a t e ly  30 m in u te s .  

S u c c e s s i v e  1 l i t r e  b a t c h e s  o f  m ix t u r e  w ere  t h e n  d i s p l a c e d  i n t o  a  Boux 

b o t t l e  a t t a c h e d  s u c c e s s i v e l y  t o  t h e  o u t l e t  by  t h e  i n t r o d u c t i o n  o f  m e a s u re d  

vo lum es o f  w a t e r  from  r e s e r v o i r  ’b ' .  T h re e  r e p l i c a t e  sa m p le s  w ere  t a k e n  

f o r  e a ch  b o t t l e  f o r  G .L .C . a n a l y s i s .

T a b le  ( 3 ) g i v e  t h e  r e s u l t s  o f  G .L .C . a n a l y s e s  o f  s u c c e s s i v e

sam p les  from  t h e  s t i r r e d  c o n t a i n e r ,  and  com pares  them  w i t h  a n a l y s i s  o f  an  

u n s t i r r e d  c o n t a i n e r  ( W i n c h e s t e r ) .  I n  s u c c e e d in g  e x p e r im e n t s  gas  m ix t u r e s  

w ere  made up s i m i l a r l y ,  u s i n g  same c o n t a i n e r  ( c . f .  t a b l e  k ) .  From 

t h e  e m p i r i c a l  o b s e r v a t i o n  i t  was c o n c lu d e d  t h a t  s t i r r i n g  p r o c e d u r e  i s  a  

u s e f u l  i n c r e a s e  i n  h o m o g e n e i ty  o f  t h e  m ix t u r e  i n  t h e  t im e  a v a i l a b l e .  I t  

was a l s o  n o t e d  t h a t  t h e  c o n c e n t r a t i o n  o f  CO^ i n  t h e  m ix t u r e  d i d  n o t  f a l l  

o f f  o r  i n c r e a s e  c o n s i s t e n t l y  w i t h  t h e  a d d i t i o n  o f  s u c c e s s i v e  f r e s h  vo lum es 

o f  w a t e r  t o  t h e  c o n t a i n e r .  T h i s  i n d i c a t e s  t h a t . t h i s  s im p le  m ethod  o f



110

d i s p l a c i n g  t h e  m ix t u r e  i s  a  s a t i s f a c t o r y  one f o r  o u r  p u r p o s e s ;  t h e  

c o n c e n t r a t i o n  o f  CO^ i s  n o t  n o t i c e a b l y  a f f e c t e d  by  i t s  d i f f e r e n t i a l  

s o l u b i l i t y  i n  t h e  s u c c e s s i v e  am ounts o f  w a t e r .

( i i )  The amount o f  f r e s h  m ix t u r e  r e q u i r e d  t o  r e p l a c e  t h e  a i r  

c o n t a i n e d  i n  Roux b o t t l e  by  t h e  s y s te m  u s e d .

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

fo u n d  was a s s e s s e d  b y  p a s s i n g  o n e ,  tw o and  t h r e e  l i t r e  vo lum es o f  a  

s t a n d a r d  m ix t u r e  i n t o  a  s e r i e s  o f  Roux b o t t l e s  a t t a c h e d  s i n g l y  and  

s u c c e s s i v e l y  t o  t h e  c o n t a i n e r .

The r e s u l t s  ar.e r e c o r d e d  i n  t a b l e  ( 5 ) . E m p i r i c a l  s t u d y

shows t h a t ,  a s  was t o - b e  e x p e c t e d ,  t h e r e  i s  o n ly  e r r a t i c  and  p a r t i a l  

r e p l a c e m e n t  by  r e f l o o d i n g  w i t h  1 l i t r e .  T h re e  l i t r e s  p r o d u c e d  a  

s a t i s f a c t o r i l y  c o n s i s t e n t  r e p l a c e m e n t  m ix t u r e .

(b )  E f f e c t  o f  s u c c e s s i v e  a e r a t i o n  on t h e  b u i l d  up o f  CQp i n  a  c o n t a i n e r .

I t  i s  a p p a r e n t  f rom  ( i i )  above  t h a t  100% r e p l a c e m e n t  o f  g a s e s  w i l l  

n o t  be  p r o d u c e d  by  t h i s  s y s te m . The e f f e c t  o f  t h e  p r e s e n c e  o f  t h e  s u c c e s s 

i v e l y  r e s i d u a l  002 i n  b u i l d i n g  up t h e  f i n a l  c o n c e n t r a t i o n  a f t e r  s u c c e s s i v e  

r e p l a c e m e n ts  was t e s t e d  by a e r a t i n g  a  s i n g l e  Roux b o t t l e  a  num ber o f  

t im e s  and  m e a s u r in g  t h e  c h a n g e s  i n  00^ c o n c e n t r a t i o n  p r o d u c e d .

The r e s u l t s  a r e  g iv e n  i n  t a b l e  ( 6 ) .  E m p i r i c a l  o b s e r v a t i o n

shows t h a t  t h i s  f a c t o r  i s  u n l i k e l y  t o  make more t h a n  a  t r i v i a l  c o n c e n t r a t i o n

t o  e x p e r i m e n t a l  e r r o r .
CONCLUSION

From t h e s e  i n v e s t i g a t i o n s  f o l l o w i n g  p r o c e d u r e  was e v o lv e d .

( a )  The m ix t u r e  was made up and  s t i r r e d  f o r  30 m in u te s  a t  TOO r . p . m .

(b)  B o t t l e s  w ere  a e r a t e d  i n d i v i d u a l l y  from  a  s i n g l e  o u t l e t ,

( c )  3 l i t r e s  o f  m ix t u r e  was p a s s e d  t h r o u g h  e a c h  b o t t l e  a t  e a ch  a e r a t i o n .
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R e s e r v o i r  'B

Vacuum pump

M a n o m e t e r

CO,

[ > < 1

Roux " b ottle

F ig u r e  1 D iagram  o f  a p p a ra tu s  u se d  t o  a e r a t e  Roux " b o ttle s  

w ith  s ta n d a r d  C O ^ /a ir  m ix tu r e  (X = t a p ) .
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T a b le  1 H e ig h t s  o f  G .L .C . p e a k s  (mm) p ro d u c e d  by  CO^ i n  s a m p le s  o f
g a s e s  t a k e n  from  f i v e  Roux b o t t l e s  a e r a t e d  s i m u l t a n e o u s l y  
from  a  m a n i f o ld  i n  t h e  s t a n d a r d  a p p a r a t u s .  One l i t r e  
C O g /a i r  d i s p l a c e d  by  a l i t r e  w a t e r .

G.L.C. EXPERIMENT NUMBER
. l e s a m p l in g

no. I II III IV

1 19 IT 15 18
2 18 15 l 4 15
3 19 15 l 4 15

IS 19 16 l 4 16

1 19 18 10 15
2 18 18 12 l 4
3 18 19 12 15

IS 18 18 11 15

1 IT 8 8 22
2 IT 8 8 20
3 15 9 9 20

IS l 6 8 8 21

1 14 10 20 9
2 l 4 10 22 9
3 l 4 11 22 8

IS l 4 10 21 9

1 11 12 11 9
2 10 9 8 9
3 12 9 10 8

IS 11 10 10 9

and Range 1 5 .6 6 +3 .3 4
"5  • 66 1 2 .5 3 1 6 .4 T 

“ 4 .5 3
1 3 .0 0

+9
-5 13 . '13

■t8 ,

- 5 .
' 2T
T4

9 .2 3 8 1 6 . 26T 23.T14 2 3 ..352
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T a b le  2 G .L .C . p ea k  h e ig h t s  (mm) p r o d u c e d  b y  CO sa m p le s  o f  
g a s e s  ta k e n  from  f i v e  Roux b o t t l e s  a e r a t e d  s i n g l y  
from  a m a n ifo ld  in  t h e  s ta n d a r d  a p p a r a tu s .
One l i t r e  C O ^ /a ir  d i s p la c e d  b y  a  l i t r e  w a te r .

Roux
b o t t l e

G .L .C .
sa m p lin g EXPERIMENT NUMBER

n o . n o . I I I I I I IV

1 13 18 IT 12
I 2 13 18 17 12

3 lU 19 IT 12

Means 13 18 17 12

1 22 26 18 21
I I 2 20 25 18 20

3 19 25 18 20

Means 20 25 18 20

1 20 24 29 20
I I I 2 21 24 28 20

3 21 24 28 20

Means 21 24 28 20

1 21 20 18 18
IV 2 23 21 18 19

3 20 20 17 19

Means 21 20 18 19

1 20 20 17 18
V 2 21 19 17 18

3 20 19 16 18

Means 20 19 17 18

Mean and Range 1 9 -2 0 +4 . 4 t
- 3 .5 3 1 9 -5 3 +9 .4 7

- 3 .5 3
1 7 .8 0 + 2 .2 0

- 5 . 8 0

8 .2 4 8 .1 2 2 1 .1 2 2 .7 4
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T a b le  3 T e s t  t h e  c o n s i s t e n c y  o f  CO  ̂ c o n c e n t r a t io n s  a t  d i f f e r e n t  l e v e l s  
o f  t h e  m ain c o n t a in e r  w h ereb y  t h e  p a d d le  had  and n o t  b een  
o p e r a te d  a t  e a c h  e x p e r im e n t . One l i t r e  C C g,/air a l s o  d is p la c e d  
by 1 - 1 .  H20 on e a c h  r e p l i c a t e  t r e a t m e n t .

A e r a t io n  
n o .

G. Lj. C• 
sa m p lin g  
n o .

U n s t ir r e d  W in c h e s te r  
E xp erim en t Number

I  I I I I I

s t i r r e d  c o n t a in e r  
E xp erim en t Number

I  I I I I I

I
1
2
3

18
18
19

18
18
18

IT
16
16

19
19
19

20
20
20

20
19
19

Means 18 18 16 19 20 19

I I
1
2
3

15
15
16

l 4
14
l 4

16
16
16

18
18
18

20
20
20

19
19
19

Means 15 14 16 18 20 19

I I I
1
2
3

16
18
19

15
15
l 4

14
13
14

18
19  
19

20
20
20

20
20
20

Means 18 15 14 19 20 20

IV
1
2
3

l 4
13
14

13
1 4 
12

18
18
18

20
20
20

20
20
20

20
20
20

Means 14 13 18 20 20 20

V
1
2
3

16
15
15

13
1 4 
13

12
13
12

20
20
20

20
20
20

20
20
20

Means 15 13 12 20 20 20

VI
1
2
3

18
18
18

12
12
12

11
12
12

20
20
20

20
20
20

20
19
19

Means 18 12 12 20 20 19

V II
1
2
3

13
14  
13

18
18
18

19
19
19

18
19  
19

20
2 0 .
20

20
20
20

Means 13 18 19 19 20 20

V III
1
2
3

l 4
13
1 2

15
13
13

1 2
12
1 2

18
18
18

20
20
20

20
20
20

Means ' 13 l 4 12 18 20 20

IX
1
2
3

18
16
l 4

12
12
13

10
12
11

18
18
18

20
20
20

20
20
20

Means 16 12 11 18 20 ' 20

X
1
2
3

14 
13
15

11
1 2
12

16
16
16

18
18
18

20
20
20

20
20
20

Means l 4 12 16 18 20 20

Mean and r a n g e l 4 .6 0 +4 . 40 _Q n g + l « 17 
- 3 . 6 0  ^®-®^-0 .8 3 20 + 0 .0

- 0 . 0

4 . 39 4 .9 2 7 .6 2 0 .7 6 0 .0 0 .1 8
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T a b le  4 T e s t  t h e  c o n s i s t e n c y  o f  CO^ c o n c e n t r a t i o n s  a t  d i f f e r e n t  
l e v e l s  o f  t h e  m ain  c o n t a i n e r  w hereby  t h e  p a d d le  h a d  and
n o t  b e e n  o p e r a t e d .  One l i t r e  
H20 on e a ch  a e r a t i o n  r e p l i c a t e .

C O g /a i r  d i s p l a c e d  by  1 l i t r e

onx 
o t t l e  
e r a t i o n  
0 .

G .L .C .
s a m p l in g  
from  e a c h  
b o t t l e

U n s t i r r e d  c o n t a i n e r  
E x p e r im e n ts

I  I I

s t i r r e d  c o n t a i n e r  
E x p e r im e n ts

I  I I
1 19 26 20 22

I 2 18 24 21 21
3 16 25 20 21

Means 18 25 20 21
1 20 19 20 23

I I 2 18 ■ 19 21 23
3 19 19 20 " 22

Means 19 19 20 23
1 25 15 23 23

I I I 2 25 16 20 - 20
3 25 l 6 20 20

Means 25 l 6 21 21
1 ■ -26 24 IT 22

IV 2 25. 24 IT 22
3 26 24 19 22

Means 26 24 18 22
1 15 20 20 20

V 2 16 20 20 21
3 16 21 20 21

Means l 6 20 20 21
1 23 18 20 19

VI 2 24 IT 21 20
3 23 18 19 20

Means 23 18 20 20
1 20 22 20 21

V II 2 20 20 21 21
3 20 20 19 22

Means 20 21 20 21
1 21 21 20 18

V I I I 2 20 20 20 20
3 20 20 21 20

Means 20 20 20 19
1 21 18 20 20

IX 2 19 19 20 21
3 20 20 20 21

Means 20 19 20 21
1 20 19 20 19

X 2 22 21 21 IT
3 20 20 21 20

Means 21 20 21 19

an  and  Range 20-8 20.2 +12 0 .0 20.8
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T a b le  5 G .L .C . peak  h e i g h t  (imn) p ro d u c e d  by  CO^ sa m p le s  o f  g a s e s  t a k e n
from  s i x  ro u x  b o t t l e s  c o n t a c t e d  m ain  c o n t a i n e r  w ere  a e r a t e d  s i n g l y ,  
by  a d d in g  1 ,  2 and  3 l i t r e s  H20 r e s p e c t i v e l y  t o  d i s p l a c e  same volume 
o f  C O g /a i r  from  e a c h  r e p l i c a t e  b o t t l e .

G. L. C * E x p e r im e n t  Number
K I TT ITT
t i e s a m p l in g L i t r e s  o f  H20 added L i t r e s  o f  H20 added L i t r e s  o f  H20 addedn o . 1 2 3 1 2 3 1 2 3

1 18 22 29 19 25 30 18 23 30
I 2 18 22 29 19 25 30 18 23 30

3 18 22 29 19 25 30 18 23 30

ean s 18 22 29 19 25 30 18 23 30

1 17 22 29 19 26 30 18 ■ 23 30
I I 2 18 22 29 • 19 26 30 18 23 30

3 18 22 29 19 26 30 18 23 30

[eans 18 22 29 19 26 30 18 23 30

1 18 25 28 19 25 30 18 25 30
I I 2 18 25 28 19 25 30 18 25 30

3 18 25 28 19 25 30 18 25 30

leans 18 25 ‘ 28 19 25 30 18 25 30

1 18 25 29 19 25 30 18 23 29
IV 2 IT 25 29 19 25 30 18 23 29

3 18 25 29 19 25 30 18 23 29

leans 18 25 29 19 25 30 18 23 29

1 18 25 29 18 25 29 18 24 30
V 2 18 25 29 19 24 29 18 24 30

3 18 25 29 19 24 29 18 24 30 ...  _

ieans 18 25 29 19 24 29 18 24 30

1 19 24 29 19 24 30 18 24 30
VI 2 18 24 29 19 24 30 18 24 30

3 18 24 29 18 24 30 19 24 30

4eans 18 24 29 19 24 30 18 24 30

D,n and ra n g e 1 8 .0 0 23.83 28.83 18.88 2 4 .8 8 29.83 18.05 23.66 2 9 .8 3

+1 +1.1T +0.1T +0 .1 2 +1 .1 2 +0.1T +0 .9 5 +1 .3 4 +0.1T
-1 " 1 .8 3 " 0 ,8 3 -0.88 ~0 .88 “ 0 .8 3 - 0 . 0 0 - 0 . 6 6 - 0 . 8 3

A1 0 . 0 1 .9 1 0 .1 4 7 0 .1 0 4 0 .1 0 4 0 . i 4t 0 .0 5 5 0.582 0 . i 4 t
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T a b le  5 E f f e c t s  o f  r e f l o o d i n g  p r o c e s s  on G .L .C . peak  h e i g h t s  w hich
p ro d u c e d  by  COg sa m p le s  o f  g a s e s  t a k e n  from  s i x  r o u x  b o t t l e s
a e r a t e d  s i n g l y  d i r e c t l y  from  t h e  f e r m e n t e r .  T h re e  l i t .
m ix tu r e  p a s s e d  t o  d i s p l a c e  an  o l d  C O g /a i r  m ix t u r e  i n t o  e a c h  
r e p l i c a t e  b o t t l e .

X G.L.C. R e f lo o d in g t im e s
t i e s a m p l in g

no. 1 s t 2nd 3 r d 4 t h

1 30 30 32 30
I 2 30 30 32 30

3 30 30 32 30

leans 30 ' 30 32 30

1 30 30 31 30
I I 2 30 30 31 30

3 30 30 32 30

leans 30 30 31 30

1 30 31 30 30
I I I 2 30 31 30 30

3 30 31 30 30

feans 30 31 30 30

1 29 30 29 29
IV 2 29 30 29 29

3 29 30 29 29

«leans 29 30 29 29

1 30 30 30 30
V 2 30 30 30 30

3 30 30 30 30

Vleans 30 30 30 30

1 ' 30 30 30 30
VI 2 30 30 30 30

3 30 30 30 30

Means 30 30 30 30

eans and r a n g e 29.83 IT
83 : o : i 6 30.38 + 1 .68  

- 1.38 29.83 IT
83

2
J o. i 4t o. i Ht 1 0T5 o, i 4t

O



a p p e n d ix  I I

TABLES OF RESULTS RELEVANT TO 

PARTS I  AND I I



(D

I
(/]

■g

§t
"P TZi
g g:

•H
I—t

A

d  
•H

0 tH 
H O

rCj

I
g

•H
(H

g

m t—
4 J  LO,

g " "JH ü

•H

’cd
A

g

I
<u

1d

'«d

0

1 
1
I
• 0%

t
ta
ta

OJ LT\ o  
co co co
II II
CM LT\ OJ 
CO 0 3  CO

M M X
OJ ITvCO 

OO CO ^ -

O  CO CO 
VD LP» \ 0

Il II II
O  co  _=r
VD LO VD

XXX
o  co  o
VD lOVO

LO LO H  
en nn_=)-

Il II II
VD LO c o  m en_:d-
XXX

LO LO H  
on on_:o-

o  O  c o  
co <M H

Il II II
o  H  c o  
co CM H

XXX
o  Onco 
CM H  H

LO LO LO 

Il II II
LO LO V D  

XXX
LO LO LO

H H H
H H

M

nd N
LU P

-P +5 bû
•H cd P tn

H H P
P -P O P

LU
a
O

P
r> 1

P G P
■H • H O
Cd LU
A P CM'—

CM
CO

O
VD

t -
en

ON
H

t— - = f  ^  
t —  t —

Il II II
C—.d- 
C— Ir— C-“

XXX
t — t —

Il II II

XXX
LO^ j- 
l O  LO LO

en  0 \  o \  
en  CM CM

Il II II
en  cïN o  
en CM en

XXX
en  On ov  
en  CM CM

en  o
I—i H

Il II
en  o
r H H  

X X 
en  o

LO LO LO 

Il II II
LO LO LO 

XXX
LO LO LO

M  H  H

â
>  eu

T j  ‘ H  
LU !h 
?H «H
d
P l Ert

O
en

cd H  
o

5

' s
M

O O O 
c o  c o  co

Il II II
CM o  o  
c o  CO co

XXX
ON H  O  
C— co  co

LO LO LO 
LO LO LO

Il II II
O  LO LO 

VD LO LO

XXX
O  LO LO 
LO LO LO

CO OO CO
en en en

Il II II
o  c o  CO 

_=!- en en

XXX
VD c o  co  
en en  en

H  o  o  
CM CM CM

Il II II
H  o  o
CM CM CM

XXX
H  O  O  
CM CM CM

LO LO LO 

Il II II
LO LO LO

XXX
LO LO LO

J—! I—L I—I 
H  H

t
f : P O
+3
•H g W
> rC!

•H g
"p w P
LU p P> S
P o P VD

•H H •H t—
P rP LO
Pc B O

O
c o

?

LT\

8

p
o

•H
"cd

■âl
H  CO ■̂5 ,

118



p P
p ta

•H ta
JP P
(J
P f :
P p
P •H

P ■d
•H
bC •H
P P
O P

H P
f t

EH rd
-d P
P f-i
P ■H

P
1—1 f t

P P
>d •H
•H
P •H

•H P
f> P

1—1
P Og P

P P
fd •H
o P

r î O
a P

•H O
P o

N
•riIp

o f t

ta ftp O
P
d rp

g -g
d o
o p

bD
"d
H P
o P
1 P

P
p •iH

■d tH
OJ P

O
<Po vo
ta
P LOo ^p<P O
tp

pft
p

p

Td
P

"ë•p

I
■3
0

§
S

1 
I
I

I
I

ITS i f \  U \  \0
II II II

QD OO O n 
VO r -  e -

XX X
OJ m H VO e- c—

o  o  o
VO LO LO

O J OJ e o  
VO LO LO

XX X
CO ON CO lO^ ^

ON on b -
cn on

II II II

v o v o On
..H- on

X X X

CM O v o
on on

O  On OJ 
OJ H  OJ

II II II

OJ o  ^  
OJ OJ (3J

XX X
CO CO O  
H  rH OJ

LO LO VO 

II II II 

LO LO VO 

XX X 
LO LO VO

H  H  tH

jp  P  P  

•H 1d P  ^

'd  o  H  P  
P  O P  P  fn P a P 

• H *H O  
P  P  O  
f t  P  OJ — '

LO LO LO
v o  VO VO

Il II II

CM LO LO LO LO o
Ir VD VÛ VD VO 1—1

X X X

LO LO LO
VO VÛ VO

LOV O LO
_d- ^  _d-

II II II

on LO V O LO LO \s \
u o ^  -H" -H- -H" Y

X  X X

LOV O LO
^  ^

CO O  CO
CM on CM

Il II II

O CO H  c o ON CO
-H" CM on CM CM Y

X X X

c o  o  c o
CM on CM

c o  c o t—
H  rH H

Il II II

O CO c o în - c o o
CM rH rH H rH Y

X X X

c o  OO t—
H  H H

LO LO LO

Il II II
H

LO LO LO LO LO •H
f t

X X X
LO LO LO

H  H H
H H

H

ta
P  H

rP o
P  H P  P
•H O pta >  P ta •H  p

P p p  o
P -d  -H p •H  O
P p  p p P

S p  -H s •H  f t
•H  ï> P  O
P  • P
f t  EH H  -feS.

COt— t— t—
II II II

c n ^  on  
c— c— t ~

XXX
cn  ^  on  t— t— t—

o  o  o
LO LO LO

II II II

XXX
o  o  o
LO LO LO

L O ^  LO
c n  on on

II II II
LO ^  LO
o n  on  c n

XXX
L O .H - LO
on on  c n

H  o  o  
CM CM CM

II II II

rH O  O  
CM CM CM

XXX
H O O 
CM CM CM

LO LO LO 

II II II

XX X

MUM

rP 4
P  P  
•H p

«0 til 
p  p
p  

•H H

ft H

U

g
m
Pg

P
p
QJ

P VD S
•H t -
P
U P -

on
0 -

o
LO

o
CM

VO
I

on

Y

•H +) 
-P cd 
•H

CQil
o

. 3  " 
a  .S'S
p  p  
M  CO "tA

119



'd «d (u p p 
'cd

iH f t

(D d
n j
♦H

•H

U
g  

1—1
p G
s co

p p
" d -rH
o d

P o
ü -p

* rH o
P O

EH LSI
•tHft P

O K

ta ft
p O

8 P

? 1
ü

« d
M

U
P
d

P •iH
■d rH

ft
d
O

O
VÛ

ta t —
HH LO

S g

pq

bOd

pft
8

?

I
•d<u
"cd

"ë

;
wcd
%

g

3
O

H

iiCQ
<

LO O  O
0 3  OO CO

Il II II

LO O  O  
CO CO CO

XXX
VO O  O  
c o  CO co

LO VD CO H CM CM
VÛ LO LO LO LO LO

II II II II II II
LO t — OO O H P - CM
VÛ LO LO VD LO LO LO

X X X X X X
LO LO OO H O CM

VÛ LO LO LO LO LO

ON On O 00 CM rH
CO CM CO co co 00

II II II II II II
rH O O co -d- - d CM

00 co co co co CO

X X X X X X
c o co o 00 o H
co CM co C l co en

m  t— cr\ 
CM H  rH

Il II II

^  OO ON 
CM rH H

XX X
CM On 
CM rH rH

LO LO LO

Il II II
LO LO LO

XXX
LO LO LO

H  M  M  
H  M

"d P
P p P
P -P bO
•iH P P
> rH rH

«d
P P O
O H p

p O P P
P d S d

•rH • H O
P ■ bs. oft CM

O
CM

O  H  O  
VÛ VO VÛ

Il II II

O  OO O  
v o  VD VD

X X X
o  o  o  
VD vo VD

CO ON ON 
iH rH rH

Il II 11
ON O  C?N 
rH CM rH

XXX
1 ^  ON q  
rH rH CM

LO LO LO 

Il II II
LO LO LO

XXX 
LO LO LO

S h
• H
> LU

_  P
" d  *Hp p

f t  EH

o C—
vo CM

!

CM co
LTV

Y

CM
en en

1

O N
r—1 LTN

1

rH
LTN • rH

f t

ta
P  1—1

G
d  P

ta o  p
d •rH  d
p p  o
p • H O

P  ,
•rH  f t
P  O
d
H  bS.

LO LO LO 
VD VO VO

Il II II
LO LO LO 
VÛ VO VD

XXX
LO LO LO 

VO VO VÛ

Il II II
^  LO^ 
LO LO LO

XXX
-d- p- p- 
LO LO LO

LO
' f l  m  co

Il II II
t— VÛ LO 
CO CO CO

XX X
V Û  DJ LO  
co  co  co

o  c  o
CM CM CM

Il II II

O  H  O  
CM CM CM

XX X
O O O 
CM CM CM

LO LO LTN 

Il II II
LO LO VO  

X X X  
LO LO LO

hH H  H

p d CJ
p P
• H d Uî

•H g
«d b l
p d P
P O P VO

•rH r-H •rH b -
P P
f t  EH û p -

120
LTNVO

on

r-î



g
•rH

g

p <ü
p to

•H (n

S

cd

■S
d •rH

. 'S
d

ht ■H
d d
o P
H P

EH
f t
d

d p
P d
P

*P
H f t

P d
d
•rH

•rH

d

V
•rH

H
p O
d

W

p P
d ■H
G d

P O
Ü p

• H o
d o

EH tq
•H

f t p
O f t

01 f t
O

•g g
Y 1
CJ

d
w

H d
O P1 P
c ? d
p •rH

d H

f t
g

o
VO

co C—
p UN

g g

d
'pft
8
ed

I
-dp

"ë
fdp
P

i

’-d  .

I
u  OJ

I
"d

I

â

I

o  o  OJ 
oo  c o  co

Il II II
o  H  cn 
CD oo  co

XXX
o  o  H  
CO oo oo

OJ o  H  
v o  vo  vo

Il II II
p -  o  <M 
v o  vo  vo

XXX
o  o  H  
v o  v o  vo

ON m  t— 
cn_^t- cn

Il II II
v o  vo  co  
p -  p -  cn

XX X
CM o  VD
cn_d- en

O ON OJ
CM H CM
II II II
OJ O P -
OJ OJ CM
X X X

co 00 O
1—1 1—1 CM

LPi u n  tCN 

Il II II 
un LTN un 

XXX 
un un un

H  H  H

_  "d d  
p  p  p  p p bO 
•H p  P

d
P
d

&

S 2

O 
CVl ^

t— c— c—
IN- t>-

II 1 II
E -

H c -  b -  tr- b“ UN
OO t "  t— t— 1

X X X

C- b— t -
b— b— b—

UN v o  UN
UN UN un

Il II II

1—1 un t— UN UN O
VO un UN UN un Y

X X X

UN UN un
UN un un

UN UN un
c n  c n  en

Il II II
o UN UN un cn

p en  en  en en
Y

X X X

UN en  UN
cn  cn  m

t— b— OO
rH t—1 1—1

Il II II
o b -  t-O O b - UN
CM r H r H r H (H Y

X X X

b -  t— CX3
t—1 i—1 rH

UN UN UN

Il II II
H

UN UN un UN UN •rH
f t

X X X

UN un UN

H  H  H
H  H

M

P
P  rH

P O
P  H d  d
• r j O P

01 ^  P 01 •H d
d d P  O
p d  •H P •H CJ
p p  d P P
S d  •H S •rH f t

•rH P  O
P  • d
f t  EH H  ^

ON O ON
co b—

II II II
ON o ON
b~- CO b -

X X X
ON O ON
b - CO b—

oo Onco 
UN un un

Il II II
c o  O  oo  
un VO un

XX X
oo ONCO 
un UN un

UN UN UN
cn cn cn

Il II II
UN v o  un 
cn cn cn

XXX
un un un 
cn cn  en

o  o  o
OJ OJ OJ 

Il 11 II
o  r-j o
OJ OJ CM

XX X
O O O 
CM OJ OJ

UN UN UN

Il II II
UN UN UN

XX X 
UN un un

M

^ -a 
d  bh| 
p  d  
d  o

•H I—I

A EH ir \

On CM
b— 1

c o
UN UN

1

UN en
en Y

o rH
CM ■rHft

H
UN •rH

. 5

01
P  rH

O
d  d
O P

01 •H d
d p  O
P •H o

j j p
S •H ft

P  o
d

H  Wr.

, 121



p p
p ta

• H co
P P
ü
g P
p w
d • H

P -P
• H

U
d d
O P

r-i P
f t

Eh
d

d P
d d
p ■ H

P
H f t
P d

d ' H
• H
d

-ri d
!> P

H
p O

«
p P

d • H
o d

p o
o p

• H CJ
d o

EH tq
■H

f t P
o K
m f t
P O
d
d P

E t
Y O
CJ d

bû
d
rH d
O P
1 P
h d
P ■H

V
H

VO d
o

f t
o

vo
co

p UN
V  p
p
f t O
f t
H

g,
8
?

I
'g
tap

d

I
CJ

p
S  co  

d

I

I

LTN o  O  
OO ONCO

Il II II
UN o  o  
OO OnoO

XXX
UN o  o  
o o  O n c o

e n  o o  O  
v o  v o  VÛ

Il II II
en  en  H

VD v o  VÛ

XXX
e n  e n  O

VD VD v o

UN UN UN en CM CM
en en en CM CM CM

II II II II II II
UN UN v o UN en CM en
en en en en CM CM CM

X X X X X X
UN UN UN en CM CM
en en en CM CM CM

v o  v o  UN 

Il II II
c -  v o  VD 

XXX
VD V O  UN

" H HH

d d
P P P
P P M
•H P P
> H H
d

d P O
o

■ë
d

p o P
d d G d

■H • H o
P o
f t CM

UN
OO

cd cd 8 VÛ o o v o

II II II II II II
CM CM o rH ÎH- c o v o
CM CM CM CM

X X X X X X
O O O v o OO v o
CM CM CM

VÛ

UN U N  UN 
UN  UN UN

Il II II
UN UN VD 
UN UN UN

XXX

ON O  CM enp p
Il II II

ON H  CM 
e n p  P

XX X
O n o  CM 
e n  p  p

UN UN UN 

Il II II
UN UN UN

XXX
UN UN UN

H  H  H

p
p rH

p
d

d •H
p d
d •rH

*rH
p
f t  EH

O

t — UN UN
b -  t —  b -

II II II
UN
en b -  UN UN VD H
1 t — Ê"* b— b - Y

X X X

o o  e n  p -
UN  UN UN

II 1 II
UN
en o o  r n p - UN rH
1 UN UN UN UN Y

X X X

oo e n p -
UN  UN UN

CM ON o
en  CM en

Il II II
O p

t r - CM ON H en 1—1

V
en  CM en 1

X X X
CM ON ON
e n  CM CM

CM O n o
CM' H  CM

Il II II
o

CM o  o CM UN
V û CM CM CM 1

' X X X
CM ON O
CM H  CM

UN UN UN

Il II II
b - b -
Y UN UN V O UN

Y
X X X

UN UN UN

H  H  M
H  H

H

w w
p  rH 1 p  rH

O P  d O o
d  d P  P M d  d
o  p •H  d g p o  p

•H  d W P d • H  d
p o •H P p  O
• H ü d  bC , p •H  ü
P  . P  d P p
•H f t d  O P VD •H f t
P  O •H  rH •H b - p  o
d P  . p UN d

H  ^ f t  eh CJ p H

122



p P
p P

•rH p
P P
0
d P
p m
d • rH

P d
•H

tj£ •H
d d
0 P
P p

f t
EH

d
d p
d d
p •rH

P
P f t
a> d

d •rH
•rH
d •iH

•iH d
> P

P
P 0
g en
P P

d • r i
0 d
P 0
u p

•rH CJ
d 0

EH CH
•rH

f t P
0 f t
tn f t
p 0
d
d P

■gp
Y 0
0 d

bO
d
P d
0 P
1 P

d
P •H

d p

vo d
0

f t
0

vo
cn b -
P UN
0  ^
p
f t 0
f t
M

CM 0  0
0 0  CO CO

Il II II
CM 0  p

0 0  CO CO
c o

X X X

hO CM 0  0
d CO CO CO

•H
d

•H
P
f t

d CM 0  0
P VÛ VO VD

P
f t Il II II
P  VO

p -  0  0
ta VO VO VÛ
>>
P X X X

d
0 0 0

d VD VÛ Nû
p

P
P

p
tn

P
P

d
p P  P  b -
8 e n p  e n

M Il II il
cd ^
03 VÛ e n  0 0
n e n  p  e n

- o X X X
g e n  0  VÛ

e n  p  e n

u
0)
p

•rH
d

S 0  0  ON
d CM CM p
0

p Il II II
0  CM
0 0 0 0

CM CM CM
d
P X X X
p
G 0 0  ON

d
(MCM P

d
P

Is
Î 6W ft m

î

UN UN m 
Il II H

UN UN UN 

XXX 
UN UN UN

M H  H
" M

P P'g 8

g  Y
d  o

îjD 
P  P

0 0 0
VD VD VÛ

II II 11
0  ' VO

P 0 C 0 VO CM
CO VD VD VO 1

X X X

0 0 0
VD VD VD

P U N P
e n e n e n

II II II

p p U N P p P
VD e n e n e n e n - f

X X X

p U N p
e n e n e n

0 0 0
CM CM CM

II II II
b - 0 0 0 0 VÛ
e n CM CM CM CM f

. X X X
0 0 0
CM CM CM

0 0 0
P H P

II II II
0 0 0 0 0 0
CM 1--1 P P P

X X X

0 0 0
p 1—1 p

UN UN UN

II II II
p

UN UN UN UN *H
f t

X X X
UN UN UN

H P P
P P

P

w
d  P

r d 0
P P d  d
• H 0 p

tn X P tn •rH d
d d P  0
P d • rH •H  0
p p d p P

S d •rH S •rH f t
•rH > P  0
P d
f t  EH P

On rH VO 
b- 0 3  t—

Il II II

On OJ 
t— CD

XX X
On P  VO
t—co b—

UN UN UN 
UN UN UN

Il II II

XXX
UN UN U-t 
UN UN UN

UN UN UN
en on en

Il II II
UNVO LN
en en en

XXX
UN UN UN
en en en

On o  co
rH CM rH

Il 11 II

0 \  H  CO 
I—I CM P

XXX
On o  co  
[—I CM I—I

UN UN UN

Il II II
UN UN UN 

X X X
UN UN UN

H  M H  
M H  

H

p  •ft B P

ON
L'

Y

un 0
UN

Y

UN
e n UN1

ON
P 1

P
UN •rH

%

CO
cd H

0
d  d
0  p

CO •H d
d p  0
«J • rH 0
P P
S •rH f t

P  0
d

P  ^

123



w
OJ

•tH
P
rOG

•R <u
(d w

•H ta
r d 3
ü
d r d
3 ta
d •H

rO d
•H
b£ •rH
d d
o -P

p QJ
f t

EH
d

d D
d d
3 •rH

ce
P ft
OJ d

d •rH
•rH
d ■rH

• H d
3

P
cd o
G tû
OJ cd

d •rH
o d

r d O
ü rP

•rH CJ
d O

EH M
•rH

f t r d
O K
m f t
eu O

8 r d
R -g
Y P
CJ

8 )
d
P d
O ce
1 QJ
t>N d
ce
T p

CO d
oft

o
V D

CQ 1 ^
•P U N
O  Peu

f t Oft
H g

A
P
eu
P
rO
ce

EH

■Hd
‘8ft
8

d  VD

dp
ta
•ë
•ë
d
p

cd
p  pG

o
Y
p  OJ

g
G
fd

|ë
m

oo c o  ON 
o o  c— t—

Il II II

oo ON ON 
CO b— t—

XXX
oo CO ON 
CO b -  b—

VD c o  ON 
VD LfN UN

Il II II

VD CD On vo UN UN

X X X
VD OO ON 
VD UN UN

VO OO CO O O O
c o CM CM CM CM CM

II II II II II II

v o c o o o r—1 O t—! r—100 CM CM 00 CM CM CM

X X X X X X
VD o o CO O O ONOO CM CM CM CM P

UN UN UN 

Il 11 II

UN UN UN

XX X
UN UN UN

H  H  H  
H  H

d d
r d QJ ce
- P - p bo
• H ce ce
>

Y - p Y
d o d
QJ o
d d G d

■H • H o
ce d o
f t d CM

OOO

UN O O O o o
CM CM CM P p p
II II II II II II

vo O O CM ' O o o
CM CM CM CM P p p
X X X X X X

UN o O o o o
CM CM CM p p p

b— p  ^

Il II 11
t—vo b-t— b— b—
XXX

b— 00 00 b— b— t—

oo  b -  co  
P  P  p

Il II II

CO co O
p  p  U N

XXX
o o  b-VD  
P  P  P

UN UN UN 

Il II II

UN UN UN

XX X
UN UN UN

H  H  H

d
+5 p
•rH
> 0 )

d
d •rH
QJ d
d

•rH i>
ce
f t  EH

UN
b - VO

1

co t—1
p

Y

Q UN
CM CD

1

o UN
P UN

1

P
UN •rH

Ëq

cn
d  P

o
d  d
o  -p

•H d
- p  O
•H ü

O ,Q
S •H f t

d  O
d

p

o  CO un 
CO b— oo

Il II II

o  CO o  co b -  ON

XXX
o  oo  o
CO b -  OO

b -  UN On 
P  P  P

Il II II

b -  U N  a i  
P  P  UN

XXX
b -  UN VD 

p  p  p

O  ON P  
CM P  OJ

Il II II

O  ON 00  
CM p  CM

XXX
O  ON O  
CM P  CM

ON OO 
P

Il II il

P  O n OO 
P  P
XXX

p  ON oo 
p  p

UN UN UN 

Il II II

UN UN UN

XXX
UN UN UN

H  H  
H

rd d ■p 3
'g g
d  bO  
o  d

•3 3
ft EH

VD
t —
UN
P

b -
P

P

co
CM
I

T

0
UN
1

tn
d ce
O

d
p
o

d O d
en O • H • p
d • H - P d
ce ■p ce O
QJ • H P üS d G f t•rH

d •rH O
d - P

H tn  ^

124



be 'H

p f t

<L) d
d
■H

• H

d • H
*rH d

cd
P

cd o
p «J
m cd

d • H
o d

d O
D • p

• H ü
d O

EH

f t
O

N
•rH

w f t
(ü O

8 d
R t
" ë o
D

d
W)

P d
O cd
1 03

b d
cd ■H

V P

c o

f t
g

O
V D

03 b—
-P UN

5
O

bOd•Hd
ft
8
S

I
'g
■p

t
Y
ü

I

I

I
OJ

CM o O UN UN
OO o o OO b - b - b -

II II II II II II
P o P 1—1 UN UN
GO 0 0 OO C O b - b - b -

X X X X X X

O o O UN UN UN
co CO CO b- b - b -

o CD o CD p CM
vo VD vo P p P

II II II II II II
o UN o 1—I CD p CM

VD vo VD V D P p P

X X X X X X
o CM O CD P CM

t—  O N C O  
CD CD CD

Il II II
C O  VO O  
C D P  p

XXX
V O  CM V O  
CD CD CD

O  CO O  
CM H  CM
Il II II

°  H  Cv)
XX X
O  co  O  
CM H  CM

VO UN UN

Il II II
t - V D  VD 

XX X 
vo UN UN

H  H  H  
H  H

d  dd O Cd
P> +3 bO 
"H cd cd r—s

d  D H  d  
D O cd 4-3 d a G d 

•H 'H  O 
Cd d  -&Q. U  
f t  d  CM ^

ON
H

Il II
UN UN UN 
CD CD CD

XXX
UN U N  UN 
CD CD CD

CM CM CM 
H  H  H
Il 11 II
CM CM CM 
(H P  H
XXX
CM CM CM 
P  P  P

UN UN UN 

Il II II
UN UN VD 

XX X  
UN UN UN

H  H  H  
M H

IP O 
d  

d  -H 
<L) M

f t  EH

UN
b - b -

1

CD O
P CD

1

UN
CD

?

CM b—
P CD

1

P
UN • H

K

co
cd P

o
d  d
o  +3

W • H  d
d p  o
3 • H  U
o d

S • H  f t
d  o
d

H

Il il 11
UN UN UN
b -  t— b—
XXX

UN UN UN 
b— b— b—

CM CM CM
UN UN UN

Il II II
CM CM CM 
UN UN UN

XXX
CM CM CM 
UN UN UN

UN V D  UN 
CD CD CD

Il II II
U N V O  UN 
CD CD CD

XXX
UN VD UN 
CD CD CD

CÎNVD t— 
P  P  P
Il II II
O  VD GO 
CM p  p
XXX

CJn V D  V D  
P  P  P

UN UN UN 

Il II II
U N V O  v o  

XXX
UN UN UN

" HH

•̂■3
d  b f  
O  d  
d  O 

Pcd 
f t  EH

VO
b—
UN

P

b -
P

T

en
cd P

II
■a °
H

125



cn
01

' H
P
d

+ 3 S
cd d>

• H en
d en
ü cd

S d
d en

d •iH
■H P

tj£
d • H
o d

p ■P
<U

EH f t

p P
d OJ
cd d

*ïH
P cd

P i
<u

P d
• H • H

d
• H • H
>

i
d p

o
en

d)
P cd
o • H

d d
ü o

• H p
d CJ

EH o
LSI

f t • H
O d

en
LU f tIlo o

bO

d

œ t— 
p  LA

ft o

'd
a
s
êcd VD

iw a  
<

!
EH

CM t- o  co 0 3  (O
Il II II

P  t— H  co co 03
X X X

o  b -  o  03 co co

O  P  CO 
VD VO LA

Il II II
O  P  O  
VD VD VD

X X X
O  P  VO 
VO VD LA

CM t— CO 
CD CD CM

Il 11 II
LA CO O  CD CD CD
X X X  

O  VD b -
CD CD CM

d
0)

P

i•HP
l>ï oo O VD
§ P CM P

1—I Il II II
O CM
O ON O b -

p  CM p

g XXX
(UG CO o  voP CM P

1

•ë
d

p
•H

. s A  A  A
p  p
d Il II II

H
A  A  A

XXX
A  A  A

" K

p d
d QJ cd
p P W

• H Cd cd> Y P
P
O

p ü Y d
QJ o P
d d G d

■H • H O
Cd d ■feS. u
P i 3 CM

CDOO

OOH

LA VD LA 
OO CO CO

Il II II
VÛ VD l a  
CO CO CO

XXX
lA V D  LA 

OO CO CO

LA CM O  
LA LA LA

Il II II
LA CM O
LA LA LA

XXX
A  CM O  A A A

O O O CD (D CD
Il II II
O O O CD CD CD
XXX
O O O CD CD CD

VD CO P  P  H  rH
Il II II
t— OO VD 
P  P  P
XXX
VO oo (D 
p  P  P

A  A  A  

Il II II
A  A  A  

XXX 
A  A  A

P  H  H

d
p P

• r i
| s QJ

P
P • H
a i d
d • H

• H t>
cd
P i  EH

Aco

VO
p

s

VD
I

Y

d td

CD 0 3  o  
b - V D  t—

Il II II
CD OV P  
b - V D  b -

XXX
CD CO O  b— VD b-

A  O  CO 
A p  p

Il II 11
A  O  oo
A P  p

XXX
A  o  oo
A p  p

O
CD

II II II

R Y
X X X

O
CD 8

CM VD 
P  P

Il II II
O  CD VD 
P  P  P
XXX

o  CM VD 
P  P  p

A  A  A  

Il II II
A  A  A

XXX
A  A  A

O P 1
d O d d a

d O d p cd
gO • H P • H d

* ri + 3 d > d
p cd o • H
• H P o P bC
d a QJ d p
• H G f t d O cd v o
d • H o • H P • H b -
d p cd d A

H en Isa , Pi EH CJ p -

O VD
b - Y

03 p
d - CM

1

A CM
CM Y

CD oo
P Y

p
• rH

A 5

en
cd p

o
d  d
o  p

en • H  d
d p  oa • H  OSi ds • H  f t

d  o
d

H

126



rd TJ
9 S
I—I cd 

A

cd

1
•p a o

w ,0) <tH

ifnd bO

\ o

ZI—1
o 
10+Î if\ 
4-1 O

a

g
d  \D

1
&H

O  O  LT\ 
CO CO CO

II II II
O  O  CO 
CO CO CO

MMX
o  o  oo
CO CO CO

CM o  cn
VO VD VO

II II II
^  O  LTV 
VO VD VO

X X X
O  O  CM 
VO VO VO

CO VO VO CO on m
II II II
CO VO l'on CO on
XX X

OO VO VOon CO on

H  Ch ON 
CM H  H
II It II

CVI 0 \  CTV 
CM rH I—I

XX X
O  (Tv Ov 
CM H  H

i rv  LTV ICV 

II II II
VO l A  LTV

XX X
LTV LTV LTV

H  H  M

rd IH
41 0)

âp *p
‘H cd aJ

Y p Y
nd Ü fH m
(D o d p
U o a d

*H •H O
cd oA CM

c—on

o  O v O  
CO t— OO

II II II

o  o  o
0 0  GO CO

XXX
o  O v  o  
CO C— CO

VO VO VO 
lA  LA LA

II II II

VO VO CO 
LA LA LA

XX X
VO VO _d- 
LA A  l a

Aon on on
II II II

-d- Aon on on
XXX

-d -  _d- Aon CO on

CM CM 
H  H  H

II II It
CM ̂  on 
fH rH rH

XXX
CM ^  CM 
rH rH rH

A A A
II II II
A A A
XXX
A A A

H  H  M

1 '^> QJ
Td -H QJ h
-a'ÇA Eh

O
CO

CO
rH

- d -  v D  o n
C O  C O  O O

II II II

- z f  V O  - H" P

Y
C O  C O  0 0 C O

X X X

P -  V O  CM
C O  C O  C O

O v c o  C O
A A A

II. II II

o CJV O  o o C O

7 *
A  V O  A A

X X X

O v  V O  C O
A A A

t —  A _ = } -
C O  C O  C O

II II II

o o t - V O  ^ A
1 C O  C O  CO C O

X X X

t — - P  p -
C O  C O  o n

O v
r H  r H  r H

II II II

A O v  0 - , . ^ t ~ -
CO r H  r H  r H r H

X X X

O v  t — p -
r H  r H  r H

A A A

II II II
r H
*rH A A A A

X X X

A A A

M  H  HM  M
H '

m d
d  r H I o

O P  d CO
d  d p  d W d
O  P • H  d d O

■ H  d |2  P d • rH
P  O • r i p P•H Ü P  tlC g ■ H
p  , ÇU d p P
• H  4 h , d  O d V O • H
P  O ‘ r i  1— 1 • H t- P
d d  . P A PM  ̂ A  EH O P - M

A
I

A

Y

§ 2P
. 3 %

127



p

CO
d

• H

d <D
■ H UiP
Ü cd
§
d C/Î

•^ 3h£
d • H
o d

r H P
0)EH pH

P p
d d
d d

r H d

P
A

d
• H ■ H

d
• H "rH

!> d

d
d

p

1

o
CO

d
o • rH

p d
Ü o

• rH p
d CJ

EH o
4 h • rH
o
CO
d 4 h

b O

p P
CJ o

d

Y d
1 d

f>J d
d d

p • H
1 i H

CM
r H d

4 h
O

o

CO
V O
t "

p A
a  p

C J

g

pH

bO
d

* d

' d
A

Sî

w

I
r d
0)

p

I

u

Id
<

I
d

O  CM H0\CO OO
II II II

O  P  rH  
O v CO CO

XXX
O  O  H  
O v  CO  CO

P  CM O  
VO \ D  V O

II II II
P  P  r H  
VO  VO V O

XXX
p  O  O v  
VO V O  A

CO CM rH
CO 0 0  CO

It II II
A p  H  
CO CO CO

XXX
CO O  H  
CO CO CO

CO CO CO 
CM CM CM

II II II
CO V O  CO 
CM CM CM

X X X
CO O  CO 
CM CM CM

A A A  
II II II
A A A
XX X
A A A

d

: g p bO 
d  d

P
o o

C O
CM

A A A
O O  C O  OO

II II II
V O  A  A
CO OO OO

XXX
A A A  

CO OO C O

A  IfV  OO 
V O  A  A

II II II
A  A  OO 

V O  A  A

XX X
A  A  CO  

VO A  A

A  A  O  
CO CM CO

II II II
A  A  O  
CO CM CO

XXX
A  A  O  
CO CM CO

A  A  O  
CM H  CM

II II II
A  VO O  
CM H  CM

XXX
A  A  O  
CM H  CM

A A A
II II II
A A A
XXX
A A A

H  H  H  
H  H  

H

p
p H
•rH

> d
P

P •rH
d d
d • H

• rH >
d
A  Eh

A
CO

V O
I

C O

Y

d  o
O  »rH 

■H p  
P  d  
■HII
H  CQ ^

A A A  
C O  CO OO

II II II
A A A  

C O  OO CO

X X X

A A A
OO CO CO

CO P  VO 
A A A

II II II
OO P  VO 
A A A

X X X

CO p  VO 
A  A  LTV

V O  p  A  
CM CM CM

II II II
t - P  V O  
CM CM CM

X X X

VO P  p  
CM CM CM

O O O 
CM CM CM

II II II
H  O  O  
CM CM CM

X X X
O O O 
CM CM CM

A A A  
II II II
A A A
X X X
A A A

O  b£ 
d  d  
d  o

•rH rH 
d  •A EH

VO
L—
A

P

A
CM

CO
H

d  d

d  §  g
O ' d p

§
Y “ 

3 . 9 %

128



p

8d
P

I
EH
P  P
S ï
P d 

A

Y

II
I P

vo
h -

OJ 
P
A  
O
m

d ^  A O

CO

bO
d

g ,

g
d  Vû

I
P
d

3
P

I
■3
O

a
p

I

I

OJ A  p  
CO QO CO

Il II II
OJ A  OJ
CO CQ QO

X X M
OJ A  . p  
CO OO OO

O O P  
VD v o  VÛ

Il II II

*3 \o Y
X X X
o  Ov p
vo A . V D

v o O v OO
CO 0 0 0 0

11 II II
V D O o o
OO p 0 0

X X X
MO O v CO
CO OO oo

Il II II
o  OJ OJ 
OJ OJ A

X X X
o  p  OI
W OJ OJ

A  A  A  

Il II II
A  A  A  

X X X  
A  A  A

p d
jd d d
p p bO
•H d d

> p p w
d P o d

p o P d d
d O d P d
d d a d g

• H • H o
d V 5 . o
A CM

CO
OO

O
\ o

Y

O  OJ O  
CO CO CO

Il II II
O P  O 
CO CO CO

XXX
O O O 
OO CO OO

t— O Vû 
P  A p

Il II II
b -  O  VD 

P  A p

XXX
D— O

O b—p  
CO CO CO

Il II II
O  b - P  
CO CO CO

XXX
O
CO CO CO

o  o  o
OJ OJ OJ

Il II II
o  o  o
OJ OJ CM

XXX
o  o  o
CM CM OJ

A  A  A  

Il II II 
A  A  A

XXX 
A  A  A

P
P P
•cH
> d

P
P •H
d d
d •H

•H !>
d
A  EH

P
CO

Y

CO o
P

Y

P p
OO

Y

o
CM A

1

P
A ♦H

CO
d  P

o
d  P
o  p

W •H d
d p  o
d •H ü
d rO

g •H <+H
p  o
d
H

oo CO VD 
CO OO 00

Il II II
OO cr\ 1^ 
CO oo  00

XXX
CO oo  Vû 
C O  oo  CO

g  P  Pl—  t "  b —

Il II II

XXX

CM CM o  
P  P  P

Il II II
CM OJ O  
P  P  P

XXX
CM CM o  
P  P  P

A  A  A  
CM CM CM

Il II II
A  A  A  
CM CM CM

XXX
A  A  A  
CM CM CM

A  A  A

Il II II
A  A  A

XXX 
A  A  A

H

p d O
p d
•H d> P

•H
p b£
d d P
d o d VO

•H r-J ■H b -
d p A
A  EH CJ P

b -
CO A

+

O
b - P

+

P
P OO

+

A Ov
CM p

+,

p
A • H

ÎP

CO
d

P
d o
o d

•H p
m p  d
d d o
d p  ü
d pl

g
. 9 %
p
CQ '69.

129



<u
•H

I

p pa £
p  d
s "  

M
V  'd

d

t
o3
gp 
CJ
o

p  
o
Y
• H

4-1 
O
W 
d) 44

PP  bO

h
' d  - H

VD 
W b -  
p  A

4 h  o

OiH

• H
d

'd
A

gd VD 
wt
p
0)
Y
p

p
d

d  p

a

A

!

o \  o \  p
CO CO CO
Il II II

A  ON A  
A  CO OO
XX X

b -  A  O  
CO OO CO

P A O  
vo vo Vû

Il II II
A  A  O  
VO VO VO
XX X

P A O  
VO VO Vû

I ^ C O  P  
OO m  ro
Il II II
ON OO P  
00 OO OO
XX X

A O O  P  
OO OO OO

CO o  o  
A  00 A
Il II II
O O P  
00  oo  A

XX X
vo o  o
A  00 A

A  A  A  
Il II II 
A  A  A

XX X
A  A  A

P P M

rd d
p d d
+J P bO
•H d d
> P P
P

P -P O
CJ P d

d O d
d d a d

•H * H o
d ■69. U
A A

vo
oo

A
VO

vo
A

o  o  o
CO CO CO

Il II
p  o  oo 
oo oo GO
XX X

o  o  CO 
CO CO b -

o  o  o
A  A  A

Il II II
O O P  
A  A  A
XXX

o  O  t~
A  A p

A  A  A  
00 OO OO

Il II II
A  A  CO 
00 OO OO

XX X
A  A  oo
OO 00 00

ON ON ON 
P  P  P
Il II II
O  o  o \
A  A  p
X X X

ON ON ON
P  P  P

A  A  A  
Il II II

A  A  A

X X X
A  A  A

P  P  P  
P  P

P
P  P
•H

w >  d
d r-d
d P  "H
d d  d
g d  "H

• ri >
d  •
P j p

O
CO

S

A
OO

A  A  A
CO OO OO
Il II II
A  A  A A

p CO CO OO CO Y
* X X X

A  AND
CO CO CD

A  OO OO
A  A  A

Il II II
p A  00 OO P p
A A  A  A A H
’ X X X

NO on OO
Ü'N A  A

NO P* A
00 OO OO

Il II II
P P P  NO A P
• H 00 OO 00 OO •H

!=;
X X X

NO P p
00 00 00

A  p  o
A  A  A
II 1 II

P A  p  O A A
A A  A  A A Y
' X H X

A  P O
A  A  A

A  A  A
Il II IIP p

•H A  A  A A ■H
p; 5

X X X
A  A  A

P  P  P
P  P

p

to tn
d  P 1 d  P

o P  d o O
d  d +3 d d  d
o  +3 •H d O 43

•H d > P ta *rH d
-p o ■ H d 43 0
•H CJ rd  bc d •H CJ
p d  d +3 d p  .•H P d  o d NO g •rH 44
P  O •r-l p ' H P P  0
d d  • p A dp  1S9. f t  p o p p  ■69

130



"d rd
:  g
p  d

rp
I I
4h 
O

d 4h
N ;p  p

!iF:
o  "

NO W P  +3 A
44 O
5 g

CiJ
A

<UI

d

' da
9S
rt
Y
%
%

3

0)

&î

%

3I
Y
01
I

I1

o  o  A
CO OO QO

Il 11 11
O P  CO 
CO o o  CO

X X X
o  o  A
CO CO CO

O  ON P  
NO A  NO

Il II 11
O  P  A  

NO NO NO

XXX
o  p  o

NO A  NO

p p NO P CO O
en en A A A A
II II II II II II
P P P P P CO Oen en A A A A A
X X X X X X
p t— A P OO O
en en A A A A

8 cd S

II il 11
p p O
A A A
X X X

C \ 1—1 O
p A A

A N D  A  

Il 11 II
A N O  NO 

X X X  
AnÔ lA

fl ' S 9 
• d  -a S’
'  ■a « d  
■g S I  £
. 5.5 8 %
a ; % g

a

o
NO

A  A N O  
CO P  P

Il II II
P  NO NO 
0 0  P  P

X XX
O  P  NO 
OO P  P

A  O  A  
P  P  P

Il II II
NO p  A  
P  P  P

XXX
p  o  A  
P  P  P

A  On P  
P  P

Il II il

XXX
A  ONP- 
P  P

A  A  A

Il II II
A  A  A

XXX 
A  A  A

' - ' HR

I -> d rd
*d -r4
d  d

■ 3 ' ^
f t  EH

O A A
On CO oo

Il II II
CO O P  p A
P On A A A

X X X
O A A
(Et\ A  A

A O O
A  A  NO

Il II II
A o A O O p
P en A A A A

X X X
A O O
A  A  A

P (ON A
P  A A

Il II II
A p A ON A ON
A

Y p  A A A

X X X
O ON A
p  A A

A O ON
P A p

Il II II
A o CO O  o \ o \
P -y p  A p P

X X X
A  O ON
p A P

A UN ITN

Il II II
p

A • H A A A A
g

X X X
A A A

P P M
P P

p

M d
d P 1 O
_  O 41 g o
d d P d d
o -p •H d o

W •H d > P m •H
d -p o •H d p
d ■d ü rd b£ d •H

jy P d d -p d 43
g •H 44 d O d A g ■H

41 O •H p ♦H t - 41
d d * 41 A d
P ^ f t  p OP P

y

A+

•H P  

% §

. 9 %

131



S

p

" a
cü <u

♦H en
4 1 en

a d
S 41
d en

4 3 • H
• H r d

• H
O d
P

<u
P f t

nd rd
G 0)
d d

P *d

rS
ft
G

• H • H
d

• H • H
!> G
d

d
P1O
en

d
O • H

4 1 G
O o

• H + 3
d a

P o

P
N

• H
O

â

ï ï p
o

•P 41

u O

rd w

g b

b eu
d G

r d •ri
1 P

A
p G
p
o

O

m
A  
t—

+ 3 A
ü  P

( g O

5

Y 
%
d A<U
SI
Y
p

d

I
■go

A

tàU1
<

p  onA  On A  A
Il II II

p  A  A  
O n ON A

XX X
p  b - A  
ON A  A

A  A  O  
A  A  A

Il II II
A p  O  

A  A  A

XX X
O O O 

A  A  A

en A o A A A
en en en (M 04 OJ
II II II II II II
A A o en A t - A
en en en en OJ OJ OJ
X X X X X X

(M A O A en A
en en en (M OJ OJ

O O O
OJ (M (M

II II II

P O O
OJ OJ OJ

X X X
o o o04 04 OJ

A A A

II II II
A A A

X X X
A A A

' - ' RR
H

. a g  Î3
a  a  S ’' - -
^  a  4 , 3
g  s ad o a G
• H  ‘ H  o  d G ■69 o  

f t  d  A  — '

OON

A  A  A  
A  A  A

Il II II
A  b -  A  

A  A  A

XX X
A P  A  

A  A  A

O  ON O n 
A p  p

Il II 11
o  A  O n 
A  A p

XXX
O  b -  ON 
A p  p

A  A  A
H  H  H

Il II II
A  A  A  p  P P
XXX

A  A  A  
P  P  P

A  A  A  

Il II II
A  A  A

XX X 
A  A  A

P P M
'-'R

41
P  P

en • H
G \î (U
d P
d P  *H

g eu d
d  'r t

• H  f>
d  ■
f t  P

O n
P

A
P

A  A  A
CO CO CO

Il II II
A A  A  A A A

Y A  A  A CO 1
X X X

A  P  A
A  A  A

A  A P
A  A  A

Il II II
o A  t— P A O

Y A  A  A A P
X X X

A  P  P
A  A  A

O O O
A  A  A

Il II II
P O O O

Y A  A  A A
T

X X X
O O O
A  A  A

O O O
04 CM 04

Il II II
A O O O O P
04 OJ OJ CM OJ
1 s

X X X
o  o  o
04 OJ OJ

A  A  A

II 1 II
p p
•H A  A  A A •H
l2i S

X X X
A  A  A

P  P  P
P  P

P

en en
d  P _  1 d  P

o 41 G O O
G d P  d G d
o  p •H d en O P
•H G 15 43 G •H G
P  o • H d P  O
• H  o P  bC d •H ü
43 0) Gl P g 43 ,
•H p d  O d A •ri P
41 O •H P •H b - 41 O
G d  . 41 A G
P  '69 f t  P ü P P  '69

132



g

d  
QJ * H 
p  
4

t ; acd 4)
• H to
43 d
Ü d
§ 4lU d43 ■H

Y
P

G • H0 d
iH P

QJ
54 f t

1
P
01
d

•H
p
(U

p
'd

‘H
•H •H
>

8

I

p0
d

p d0 •H
41 G
u 0

•H P
d o

P 0
N

P »rj0
m

a
(U p
b 0
p 43
Ü

E
p
p

bO

0 d1 d
g 0)
d G

P •H
Y

P
p
p

g
0

A
d b—
p A

5
M

0

UD

-g
i

I
p0
Y
m

Id
P

E1

!

O A O 
CO CO CO

II II II
O  A  O  
CO CO oo

XX X
O  A  O  
CO CO CO

O  H  OJ A A A
II II II

O  OJ A  A A A
XX X

O  O  OJ A A A

CO ON A  A A A
II II II

A  O  A  
A p  A

X X X
A  ON A  A A A

d0)■4̂

i• Hnj 0  01 0
O J 0 4  O Jg

G 11 II II
0 O J

P 0  p  p
0 O J O J  O Ja XXX
g 0 0 0

a O J  0 4  0 4

1

t
p
" H A A A
>  p

• r J II II II
p
G A  A  A

M
X X X

A A A

H H H H H

41 'g d
P -P bO
•iH d> Y P Y
P Ü p d
QJ 0 a P
d G G

•H •H 0
d •69 Uft 0 4

OJ
A

0 0 0 A  A  0
A  A  A A  A  A

Il II II Il il II
P  0  0 0 O J A  A  0 A

A  A  A A 1 A  A  A CO
YX X X X X X

0 0 0 A  A  0
A  A  A A  A  A

O O P O J 0  ON
A  A  A A  A  A

Il II II II 1 1
O O P 0 A p  0  ON 0 O J
A  A  A A P A  A  A A 1
X X X X X X

O O P 0  0  O n
A  A  A A  A  A

ON O J  A A p  A
A  A  A A  A  A

Il II II Il II II
0  O J  A A A  p  A A

P  A  A A A A  A  A A CD

X X X X X X '

A  0 4  A p  p  A
A  A  A A  A  A

0  A  A A  O J  0
0 4  r H  P O J O J  0 4

Il II II Il II II
0 4  A  A A P A  O J 0 O J
0 4  p  p P Y 0 4  0 4  0 4 O J

X X X X X X +

A  A  A 0 4  0 4  C3
P  P  p O J O J 0 4

A  A  A A  A  A

Il II II Il II 1
A  A  A A p A  A  A A •Y

• H gX X X g X X X
A  A  A A  A  A

P P M P P M
P  P P  P

P P

d
d d  d
d  1—1 1 0 p

4 1 _  0 P  G 0 G  0
P  P G  d P  d G  0 d
‘ H 0 P 'H  d 0 • H  p

>  OJ d • H  G >  P d •rH p  G
P  0 ■H G P  d  0

P  >H • H  ü P  b£ d • H  r j  0
QJ d Q) P QJ G P 0 ^  P
d  " H g • H  p d  0 d A g • H a «M

P  > 43 0 •ri p • H b— p  - H  0
d  . G d  • P A p  pft EH P  '5 9 f t  P V p p  0 3  ■69

1 3 3



tn
QJ

•H
P
P

4̂ a
d Q)

■H tn
rd m
y d

g P
d w
P •H
*H P
bO
G •H
0 d
P P

<D
EH f t

P P
G Q)
d d

• H
P d

f t
OJ
P G
•H • H
d

•H •H
> G

d
d P
P 0
d en
<U
P d
0 •H
P G
Ü 0

•H P
d ü
p 0

N
f t •H
0
tn
(U f t

U
0

p P

Y #
0 0

d
p bO
p
0 d
t d
g QJ
d G
P •H
1 P

0 0
P G

0
f t
0

A
m b-
P A
ü P
0)

f t 0
f t
H g

H

P

Q)
P
P
d

P

Y
*dft
g
S

I
p<u
YP

%
P0)
G
d
0

rd

I
'i H

t iw
<

P  0  A A  A  A A  A  A
0 0  0 0  b - A  A  A b -  b -  b—

Il II 11 II 1 II Il II II
A  0  A A A  A  b - A A A  A  A A A
A  A b— A  A  A A Y b ”  t— t— b - 1

X X X X X X X X X
0  0  A A  A  A A  A  A
A  A  b - A  A  A t— t— t—

A P  A A  A  CM t ^ A  A
A  A  A P  p  P A  A  A

Il II II II 1 II II 1 1
0  . A  0 0 A  A  A A A b -  A  A A
A  A  A A P  P  P P CM A  A  A A

?
X X X X X X ' X X X

A  0  A A  A  0 b— A  A
A  A  A P  P  P A  A  A

OJ 0  0 A  A  0 A  0  A
A  A  OJ CM CM CM A  A  CM

Il II II II 1 II Il II II
CM P  0 t— A  A  CM A A  0  A 0 P
A  A  OJ CM CM CM CM CM b - A  A  CM A 1—11 +
X X X X X X X X X

CM b -  0 A  A  A A  0  A
A  OJ OJ CM CM P A  A  CM

CM A  0 0  A  0 CM 0  0
P  P  P P  P  P P  p  P

Il II II Il II II Il II II
CM b -  0 CM 0  A  CM CM P CM 0  P p
p  p  p P P  P  P P ■H p  P  P P A

g 1
X X X X X X X X X

CM A  0 0  A  0 \ CM 0  0
P  P  P p  p P  P  P

A  A  A A  A  A A  A  A

Il II II 11 II II II 1 II
A  A  A A A  A  A A P A  A  A A P

• H •H
X X X X X X g X X X g

A p  A A  A  A A  A  A

P  H  H P H P P  P  P
H  H H  H 1—1 1—1

H H p '

tn
G d  d

P  d d  P 1 0
P  QJ d rG 0 P  G a G
p  p  bD P  P G d P  d G 0
H d  d  .— • •H 0  P •H d 0  • H
| ï  P  P çn >  QJ • H  G >  p to •H P

P  P  0 G p P  0 •H a G p  d
P  0  p  d d p  -H •H CJ P  b£ G d *H p
QJ 0  d  P P QJ d P P QJ G p QJ p  g
d  G a  G g d  -H g •H f t d  0 d A g •H a
H -H 0 •H i> rG 0 •H p •H b - p  «H
d G "69 U d • G d • P A G p
f t  p  CM f t  P P  9 9 f t  EH 0 p - p  tn

1 3 U



p

B

P
Y
%ft
' P 

QJ d
"i

G
• H

rp 
' d  
' >

IP O
Y
• H

5
ft
o  
w
QJ f tlî

5II
CO

A  
tn  b -  p  A
ft CJ>
5 g

B

bD
G

• H
d

' dft
g

d  A  

tnt
P
QJ

Y
P
en

td
P
QJ

G

d  ^

a

I
p

p

I
I

OJ

| s
U)
CO

I

P  0 \  p  
CO b -  A

O  A  ON 
A  b“  b -

Il II II II II II
(M O  P  
CO CO CO

o
A

O J  A  ON 
A  b -  b -

A
b - A

X X X X X X

O  A  P  
o o  b -  C O

A  A  ON 
b — C— b—

O  A  O  
A  A  A

A  O  O J 
A  A  A

Il II II Il II II
P  A  p  

A  A  A Y
A  O  P  
A  A  A

O J
A

A

Y
X X X X X X

O  A  O  
A  A  A

O J o  o  
A  A  A

A  O  CO 
A P  A

A  O  O J 
A  A  A

Il II II
A  O  0 \  
A P  A

A
A

Il II II
A  O J P  
A  A  A

A

Y

X X X X X X

A  O  C O  
A P  A

A  A  O  
A  O J  A

CD  b— O n 
P  P  P

A N O  N O  
P  P  p

Il II II
A  A  ON 
P  P  P

A
P

II II II
A N O  b -  
P  P  p

v o
iH

r—l

Y

X X X X X X

A  b -  ON 
p  p  p

A  A  A  
P  P  P

A  A  A A  A  A

Il II II Il II II
A  A  A A A  A  A i r , p
X X X X X X g

A  A  A A  A  A

" R R
H

" H :
H

P  d  
P  QJ d  
p  p  b û  
• H  d  d  '— ~

%  s a *

. 5 . 3  8  g
d  G  9 9  CD ft G  O J ^

1

: g p
• H> QJ

P  • H  
QJ d

f t  EH

m

M

d  P

g |
• H  G

Y  8

Y  f t  
4  o

p  9 9

p -  O J  p -  A A A
Il II II

A  O J p  
A  A  A

X X X
O J O J P  

A  A  A

O J A  A  
A  A  A

Il II
A  A  (Tn 

A  A  A

X X X

A  A  A  
A  A  A
Il II II

b - A  A  
A  A  A

X X X
A  A  A
A  A  A

b - A  A  P P P
Il II II

b - A  A  
P  p  P
XXX

b -  A  A  
p  p  P

A  A  A

Il II II
A  A  A  

XXX
A  A  A

H

P G o
P d
■H d

>
Y aP bC

QJ p
d O d A

• H p '  H b-
d P A
P t  EH ü P

A
A

O
A

A
P

" Y

A
I

Y
g

tn
d  d

G o
O  * H

p  Y
P  Y  •H a ft
• S ï  °
p  en 9 9

135



p  p

a £
p  ‘d ft
P

*d
Y

d

§p
o■N 

•H

QJ f t

Hi
s
ft 
m c—

P  A  

f t  C_)

5 g

Y 
1
g
Y
d  A

I
■S
Y
Y
Y

Y  

g1
g

Y

Y

I
Y
CJI
1

' i

OJ

I

I
OJ

Y

A  A  A  
A  A  A
Il II II

A  b -  On 
A  A  A

X X X
A  A  OJ 
A  A  A

CM OJ O  
A  A  A

Il II il

CM OJ CM 
A  A  A

X X X
OJ CM A  
A  A  A

CM O  CM 
A  A  CM

Il II II
OJ O  A  
A  A  CM

XX X
CM O  O  
A  A  OJ

CM CJ\ O  
P  P

Il 11 11

a s s
XX X

CM ON o  
P  P

A  A  A

Il II II

A  A  A  

X X X
A  A  A

P  O d

Y Y
^ Y p  Y 
'g 8 Y Yd G a G 
• d  - H  o  
d  G 9'9  O  
f t  3  CM

A
A

%

Il II II

P  A  A  
A  b -  t—

XXX
P  A  A  
A  t—

A  P  p  
P  P  P

Il II II

A  P  p  
P  P  P

XX X
A  p  p  
P  P  p

A  A  A  
CM CM CM

Il II II
t— A  A  
OJ CM CM

XX X
A  A  A  
CM OJ CM

q q  q
P  p  P

Il II II

XXX
q  o o
P  P  p

A  A  A  

Il II II

A  A  A

XX X
A  A  A

g
-p P
■H
> QJ

P
P • H
Q) d
d •ri

• H
d
f t  B

A
b -

A
P

A
OJ

O
P

m  A  A
A  A  A

Il II II

A  A  A A

°? A  A  A CO Y
X X X

A  A  A
A  A  A

A  A p
A  A  A

Il II II
A
OJ A  A p A o
1 A  A  A A Y

X X X

A  A P
A  A  A

A  A  A
CM OJ OJ

Il II II

P A  A  p A (H

Y
CM OJ OJ CM Y
X X X

A  A  A
CM CM CM .

P  p  O
rH P  P

Il II II

p O  O  O P o
•H p  p  p P p
g +

X X X

A  OJ o
p  p  p

A  A  A

Il II II
P p
•H A  A  A A •H
g g

X X X

A  A  A

P  P  H
H  P

P

m
M d  d
d  P 1 o P

O P  G o G O
G d P  d £ 9 G O d
O, P • d  ^ g O "H P

•H G >  P M •H p  G
P  O •H p  d  O
•H O P  M •H p  o
P  , QJ G p QJ P  S
• H  f t d  O d A g • H  a f t
P  O •H p ' «H B - P  'H  O
G d  • P A G P

P  9 9 f t  B CJ P P  en 9 9

136



g
8 

• H
p
p

p a
d QJ

•H m
P M
CJ d

P
d tn

P

' m
p

G • rH
O d

P P
OJ

EH f t

1

P
QJ
d

•rH
rH

<D

d
Pt

mi G
•H

Y •rH
G

1
d
Y
tn

QJ
P d
O •H

P G
CJ O

•H P
d CJ

EH o
H

f t •rH
O Y
m
QJ ftu o

p p

Y t
CJ E

p
p

bO

o d
1 d
g 0)
d G

P •H
P

CM
f t

§
o

A
Ui b-

P A

8 - ^

5
O

bO

■a
a
s
Yd

I
P0)
Yp

p

I
a
CJ

S

1I
CM

ca

O  A  P CM A  CM
A A A C— b -  t —

II II II II II II
O  A  CM CM CM A  CM
A A A A b -  t -  b -

X X X X X X

O  A  O CM O  CM
A A A b -  b -  b -

O  O  CM P  p  ON
A A A UN U N p

II 11 II It II II
O  O  A P P  A  ON

A A A A UN U N p

X X X X X X

O  O  CM p  O  ON
A A A UN U N p

O  P  P O  CM O
A A A A A A

II II II II 1 II
O  P  A A O  CM O
A A A A A A A

X X X X X X

O  p  CM O  CM O
A A A A A A

O  ON O A  ON A
CM P  CM P  P  P

II II II It II II
O  ON O O A  ON A
CM P  CM CM P  P  P

X X X X X X

O  O n O A  ON A
CM P  CM P  P  P

UN LTN LTN

II II II II II II
A  U N A UN UN UN UN

X X X X X X

UN UN UN UN UN UN

H  P  H P P M
M  M P  P

H p

P  d
P  QJ d jG
P  p  bû P  P
rH d  d  r - . tn •H
>5 rH P G >  QJ

P  P  O d P
P  CJ P  d QJ P  •H
QJ O d  p g QJ d
d  G a G d  -H
rH •H O •rH i>
d  G 9 9  O d  •
Pt P  CM---- Pt EH

CM
tr-

O
A

H

g

CO
H

A
I

d P

g I
P  o
• H  CJ

Y CH
YH 99

A  O  O  
OO 0\00

II II II
t— A  O  
A  0\C0

XX X
A  A  O  A A A

II II II
P O PA A A
X X X

P  A P  
A A A

O  CM C7\ 
A  A  CM

II II II
O  P  On 
A  A  CM

X X X
O  O  ON 
A  A  CM

O  P  I—1 
CM CM CM

II II II
O  CM CM 
CM .CM CM

XX X
O O O 
CM CM CM

A A A  
II II II
A A A
XXX
A A A

JG G O
P d
4 H d tn
> p

•H g §
p b£ QJ
QJ G P g
d O d A

•rH P •rH b -
d 43 UN
Pt  EH Ü P

A
A

O
A

O

Y

p  d o
Y
Y Y °
M  CO 9 9

137



138

T a b le  3 P eak  h e ig h t s  o f  v o l a t i l e  o r g a n ic  CQmponnds i d e n t i f i e d  i n  
g a s e s  ab ove 7 - d a y - o ld  p u re  c u l t u r e s  o f  tw o  s p e c i e s  o f  
T rich o d erm a

P eak  h e ig h t s  (mm) a t  
T .v i r i d e  1

C o n s t i t u e n t s E x p t . 
b o t t l e  
1 2

I
n o .

3

E x p t. 
b o t t l e  
1 2

I I  
n o . 

3

E x p t. 
b o t t l e  
1  2

I I I
n o .

3

E x p t. 
b o t t l e  
1 2

I
n o .

3

E x p t.  
b o t t l e  
1 2

I I
n o .

3

E x p t . I I ^ )  
b o t t l e  n o . 
1 2  3

E th y le n e 2 2 2 5 6 4 3 4 5 1 1 1 2 2 3 1 1 0

Ammonia 26 32 38 12 20 27 34 27 20 6 8 7 3 5 7 2 6 9

Ace t a ld e h y d e 36 49 23 20 4 l 62 22 31 39 20 23 27 12 2 0 27 18 26 34

A c e to n e 50 32 15 32 24 22 26 27 27 38 29 21 11 1 0 17 28 19 20

E th y l  a c e t a t e 1 2 h 7 11 12 0 1 2 1 1 2 2 1 0 2 3 4

E th a n o l 78 126 156 206 1 5 3 99 110 130 149 68 57 46 54 60 72 60 54 48

n -p r o p a n o l 2 2 2 2 3 4 3 2 2 1 1 1 1 3 3 2 1 1

I s o - b u t a n o l 5 5 h 2 3 4 3 4 6 1 1 1 2 1 1 1 2 3

M eth a n o l 10 13 16 2 9 15 14 12 10 9 12 15 3 1 0 17 6 9 1 2

Carbon d io x id e Uo 38 36 4o 44 47 48 39 30 21 26 31 30 25 20 26 28 30

O xygen 70 63 65 60 64 68 70 65 61 i 70 70 75 72 74 76 70 79 73

7t h  day
T. lo n g ib r a n c h ia t u m  VJBC 4576

(a )  A l l  p eak  h e ig h t s  w ere  m easu red  a t  a t t e n t u a t i o n  5 x  10  f o r  f i r s t  8 com pounds
a t  a t t e n t u a t i o n  50  x  1 f o r  e t h y l e n e ,  and  a t  1 /3 2  f o r  CO  ̂ and 0 ,

(b )  E ach e x p e r im e n t c o n s i s t e d  o f  t h e  e x a m in a t io n  o f  3 r e p l i c a t e  s e a l e d  Roux 
b o t t l e s  f o r  ea ch  fu n g u s ,  a s  show n.
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T a b le  kA R ecord  o f  g row th  o f  R h .iz o c to n ia  a o la n i  c o l o n i e s  in  

t e s t  a s s e m b l i e s  m easured  e v e r y  d ay  f o r  7 d ays a f t e r  
i n o c u l a t i o n  and e n c lo s in g  w ith  known c o n c e n t r a t io n s  
o f  a u t h e n t ic  e t h y l e n e .

E th y le n e 1 s t  d ay  * D a i ly  o b s e r v a t io n s  o f  c o lo n y  d ia m .( mm)
(m l / I . a i r ) A ssem b ly GLC p ea k

u s e d N o . h e ig h t  (mm) 1 2 3 4 5 6 7

N i l I 6 30 50 77 104 120 135 160
I I 5 28 50 75 104 120 135 1 5 8

I I I 2 29 50 74 10 3 118 131 155

Means 4 29 50 75 i o 4 119 13 4 158

I 9 32 52 78 11 0 125 143 1 7 0
0 .0 0 1 I I 8 29 52 75 10 6 125 l 4 o 167

I I I 10 31 52 73 100 118 1 3 6 16 3

Means 9 31 52 75 105 123 l 4o 167

S t im u la t io n  a s
% o f  c o n t r o l +7 -fit N i l •fi +3 +5 +6

I 360 30 52 77 104 120 137 1 6 2
0 .0 1 I I 2 9 0 32 52 76 104 120 135 1 6 2

I I I 322 29 50 74 106 124 1 3 9 164

Means 324 30 51 î '6 105 121 137 1 6 3

S t im u la t io n  a s
% o f  c o n t r o l +3 +2 +1 +1 +2 +2 +3

I 3200 29 51 75 100 115 130 155
0 .1 I I 3440 31 53 76 105 122 143 165

I I I 2 5 8 0 30 54 77 10 5 125 l 40 16 0

Means 3073 30 53 76 103 121 1 3 8 1 6 0

I n h i b i t i o n  o r
S t im u la t io n  a s +3 +6 +1 - 1 +2 +3 +1
% o f  c o n t r o l  .

I 37400 27 50 76 104 120 13 6 1 5 8
1 ,0 I I 37000 28 52 76 1 0 6 124 139 1 6 2

I I I 36800 28 52 77 105 125 l 4o 165

Means 37 0 6 7 28 51 76 105 123 138 1 6 2

I n h i b i t i o n  o r
S t i m u la t io n  a s - 3 +2 +1 +1 +3 +3 +3
^ o f  c o n t r o l

^A ttenuation was 50 x 1.
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T a b le  4b R ecord  o f  grow th  o f  R h iz o c to n ia  s o l a n i  c o l o n i e s  in  
t e s t  a s s e m b lie s  m easu red  e v e r y  day f o r  T d a y s  a f t e r ,  
i n o c u l a t i o n  and e n c lo s in g  w it h  known c o n c e n t r a t io n s  
o f  a u t h e n t ic  ammonia.

Ammonia
(m l l i q . ,  / I .  a i r )  
u se d

A ssem b ly
No.

1 s t  day  
GLC p ea k  * 
h e ig h t  (mm)

D a ily  o b s e r v a t io n s  o f  

1 2  3 4

c o lo n y

5

diam

6

(mm)

7

N i l I 0 .0 25 46 68 97 135 165 1 9 0
C o n tr o l I I 0 .0 26 51 74 102 i 4 o 170 196

I I I 0 .0 27 53 74 103 138 1 7 0 197

Means 0 .0 26 50 72 101 138 168 194

I 0 .0 25 50 72 100 136 170 196
0 .0 0 1 I I 0 .0 2 b 51 74 103 139 171 198

I I I 0 .0 25 52 75 105 l 4 o 172 200

Means 0 .0 25 51 74 103 138 171 198

I n h i b i t i o n  o r
S t im u la t io n  a s -4 +2 +2 . 4-2 N i l +2 +2
% o f  c o n t r o l

I 1 27 54 77 105 139 172 1 9 0  '
0 .0 1 I I 1 25 52 73 100 138 171 200

I I I . 1 27 55 80 110 142 176 205

Means 1 26 54 77 105 l 4o 173 198

S t im u la t io n  a s
% o f  c o n t r o l N i l +7 +7 -f4 -t-2 4-3 -f2

I 300 20 50 78 108 138 171 200
0 .1 I I 295 5 48 66 100 135 168 189

I I I 308 10 43 65 102 135 168 1 9 0

Means 301 12 47 70 103 136 169 1 9 3

I n h i b i t i o n  o r
S t im u la t io n  a s “ 55 -6 -3 +2 - 1 +1 - 1
% o f  c o n t r o l

I 1050 5 5 5 5 5 5 5
1 .0 I I IITO 5 5 5 5 5 5 5

I I I 1130 5 5 5 5 5 5 5

Means 1120 5 5 5 5 5 . 5 5

I n h i b i t i o n  a s  
% o f  c o n t r o l - 8 l “90 -9 3 -95 - 9 6 -9 7 -9 7

* M easurem ents w ere  ta k e n  a t  a t t e n t u a t i o n  2 x  10 ^



i i i i

T able  Uc Record o f  growth o f  R h iz o c to n ia  s o la n i  c o l o n i e s  in
t e s t  a s s e m b l ie s  w i t h  known c o n c e n t r a t io n s  o f
a u t h e n t ic  a c e t a ld e h y d e .

A c e ta ld e h y d e  
(ml l i q . / I . a i r )  

u s e d
A ssem bly

No.

1 s t  day
c o l .  p e a k  
d iam . h e i g h t  
(mm)  (mm) '

7t h  day
c o l . 
d iam . 

(mm)

p e a k
h e i g h t
(mm)

lU th  day
c o l .
diam .
(mm)

p e a k
h e i g h t
(mm)

N i l
C o n t r o l I

I I
I I I

10
8
9

iHo
131
130

200
180
185

Means 1 13^ 188

0 .0 0 1

Means

I
I I

I I I

11
9
9

60
70
78

133
138
135

38
35
35

10 69 135 36

180
196
182

186

15
16 
20
17

S t i m u l a t i o n  o r  
I n h i b i t i o n  as  
% o f  c o n t r o l

+11 +1 “1

lUo
130
130

180
175
182

132
133
138

200
168
166

0 .0 0 5 I I
I I I

178 133 179Means

I n h i b i t i o n  a s  
% o f  c o n t r o l N i l N i l "5

I 6 300 130 260 176 100
0 .0 1 I I 9 260 128 220 180 125

I I I 7 290 131 250 175 110

Means 7 283 130 2U3 177 112

I n h i b i t i o n  a s  
% o f  c o n t r o l -2 2 -3 - 6



142

Table  4d Record o f  growth o f  R h iz o c to n ia  s o l a n i  c o l o n i e s
in  t e s t  a s s e m b l ie s  w ith  known c o n c e n t r a t io n s  o f
a u t h e n t ic  a c e to n e .

Ac e to n e
------------------------------ -------------------—

1 s t day 7t h  day l 4 t h  day
(ml l i q . / I . a i r ) Assem bly c o l . p e a k c o l ., p e a k c o l . p e a k

u s e d No. diam . h e i g h t diam . h e i g h t diam . h e i g h t
(mm) (mm) (mm) (mm) (mm) (mm)

C o n l^ o l
I 8 2 138 2 180 3

I I "8 1 130 2 177 2
I I I 10 1 l 4 0 1 184 2

Means
..... a

9 1 136 2 180 2

I 8 60 126 30 184 10
0 .0 0 1 I I 9 42 136 21 179 11

I I I 12 68 142 35 190 18

Means 10 57 135 29 184 13

S t i m u l a t i o n  o r  
I n h i b i t i o n  a s  
% o f  c o n t r o l

+11 -1 +2

ikh
135
135

160
182
150

11 190
188
188

108
110

0 .0 0 5 I I
I I I 10

138 18910Means

S t i m u l a t i o n  ac 
% o f  c o n t r o l +11 +1 +5

0.01
I

I I
I I I

300
250
280

l 4 0
138
138

i6o
150
142

190
193
184

80
6o
92

Means 2TT 139 151 189 77

S t im u la t io n  as
% o f  c o n t r o l R i l +2 +5
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Table  1|_E Eecord o f  growbh o f  R h iz o c to n ia  s o l a n i  c o l o n i e s
in  t e s t  a s s e m b l ie s  w ith  known c o n c e n t r a t io n s  o f
a u t h e n t ic  e t h a n o l .

E th a n o l
(ml l i q . / I . a i r )  A ssem bly  

u s e d .  No.

1 s t  day
c o l .
d iam .
(mm)

p e a k
h e i g h t
(mm)

7t h  day
c o l .
diam .
(mm)

peak
h e i g h t
(mm)

lU th  day
c o l ,
d iam .
(mm)

peak
h e i g h t
(mm)

N i l
( C o n t r o l )

I
I I

I I I

110
109
111 10

200
190
206

Means

0 .0 3
I

I I
I I I

TO
80
72

110
109
108
108

50
60
50

199

189 30
185 30
186 26

Means

I n h i b i t i o n  as

Ik 108 53

N i l "2

187

-  6

29

i h o
128
1^5

167
176
188

180
180
186

220
250
2hh

I I
I I I

182 138238 177Means

I n h i b i t i o n  as
-1 7 -11 -11

I 5 580 98 230 180 230
0 .3 I I 5 520 95 220 170 200

I I I 5 550 96 250 165 250

Means 5 550 96 233
. u

172
1—

227

I n h i b i t i o n  as  
% o f  G o n t r o i ■17 -1 3 -].U
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Table  Hf  Record o f  growth o f  R h iz o c to n ia  s o l a n i  c o l o n i e s
i n  t e s t  a s s e m b l ie s  w ith  known c o n c e n t r a t io n s  o f
a u t h e n t ic  carbon d i o x id e .

COg v o l . / v o l .  
o f  a i r  s p a c e  

u s e d
A ssem bly

No.

1 s t  day 7t h  day
c o l .
diam .
(mm)

peak
h e i g h t
(mm)

c o l .
d iam .
(mm)

peak
h e i g h t
(mmi)

l U t h  day
c o l .
d iam .
(mm)

p eak
h e i g h t
(mm)

Normal a i r  
( C o n t r o l )

I
I I

I I I

110
115
111

27
29
26

198
202
200

35
36 
35

Means 7 112 27 200 35

10% I
I I

I I I

18
20
16

100
112
105

35
38
35

190
200
198

36
36
36

Meant 19 106 36 196 36

I n h i b i t i o n  as
jo o f  c o n t r o l

162
160
176

I I
I I I

166Means

I n h i b i t i o n  as  
% o f  c o n t r o l -IT

120
110
118

30% I I
I I I

116Means

I n h i b i t i o n  as
% o f  c o n t r o l -IT



1^5

T a b le  5A R eco rd  o f  g row th  o f  R h iz o c t o n ia  s o l a n i  c o l o n i e s  
i n  t e s t  a s s e m b l ie s  w ith  i n i t i a l  c o n c e n t r a t io n  o f  
0 .0 0 0 5  ml l i q u i d  a c e t a ld e h y d e  /  l i t r e  s p a c e  o f  a i r  
and w i t h  u n in o c u la te d  2.% m a lt  a g a r  u s e d  a s  c o n t r o l s ,

A ssem b ly
N o,

1 s t  d ay  GLC 
p eak  h e ig h t  

(mm)
A c e ta ld e h y d e 1

D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r  
(mm)

2 3 U 5 6 T

7t h  day GLC 
p ea k  h e ig h t  

(mm)
A c e ta ld e h y d e

T rea tm en t

I 1 20 18 38 - 6o 82 110 13 0 1I+2 5
I I 26 25 kl 68 90 115 128 1I+I+ ' 15

I I I 18 23 Uo TO 95 116 128 1I+8 6

IV lU 23 î O 68 88 115 127 150 6

V 22 20 1+0 6 t 88 120 132 155 10

M eans 20 22 1+0 67 89 115 129 1I+8 8

C o n tr o l

I 2 20 32 6o 85 110 130 152 1+

I I 1 22 1+2 70 90 115 128 151 1

I I I 2 20 1+0 68 92 115 129 155 8

IV 2 15 1+0 68 9I+ 115 130 1 5 2 5
V 2 22 1+1 67 98 120 132 1 5 3 1+

M eans 2 20 39 67 92 115 1 3 0 153 5

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+10 +3 N i l -3 N i l “1 -3



ll+6
T a b le  R e c o r d  o f  g r o w th  o f  R h iz o c t o n i a  s o l a n i  c o l o n i e s

i n  t e s t  a s s e m b l i e s  w i t h  i n i t i a l  c o n c e n t r a t i o n  o f  
0 . 0 0 1  m l l i q u i d  a c e t a ld e h y d e  /  l i t r e  s p a c e  o f  a i r  
a n d  w i t h  u n i n o c u l a t e d  2%  m a lt  a g a r  u s e d  a s  c o n t r o l s

A ssem b ly
N o.

1 s t  d ay  GLC 
p ea k  h e ig h t  

(mm)

A c e ta ld e h y d e 1

D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r  
(mm)

2 3 1 + 5 6 7

■ 7t h  day GLC 
p ea k  h e ig h t  

(mm)
Ac e t a ld e h y d e

T rea tm en t

I 60 20 38 65 90 110 128 II+6 5

I I 65 23 1+0 72 96 115 131 155  ’ 30

I I I 80 23 1+0 7 0 93 115 1 3 0 151+ 31+

IV 1+8 23 1+0 72 95 116 130 I5I+ 35

V 1+6 22 1+0 73 95 116 131 155 5

Means 6o 22 1+0 70 91+ III+ 1 3 0 153 22

C o n tr o l

I 2 20 32 60 85 11 0 13 0 15 2 1+

I I 1 22 1+2 70 90 115 128 15 1 1

I I I 2 20 1+0 68 92 115 129 1 5 5 8

IV 2 15 1+0 68 9U 115 130 152 5
V 2 22 1+1 67 98 120 132 15 3 1+

Means 2 20 39 67 92 115 130 153 1+

I n h i b i t i o n  o r
S t im u la t io n  a s +10 +3 +6 +2 - 1 N i l N i l
% o f  c o n t r o l



ll+T

T a b le  5C R eco rd  o f  g row th  o f  R h iz o c to n ia  s o l a n i  c o l o n i e s  
i n  t e s t  a s s e m b l i e s  w ith  i n i t i a l  c o n c e n t r a t io n  o f  
0 .0 0 5  m l l i q u i d  a c e ta ld e h y d e  /  l i t r e  s p a c e  o f  a i r  
and  w it h  u n in o c u la te d  2 % m a lt  a g a r  u s e d  a s  c o n t r o l s .

A ssem b ly
No.

1 s t  d ay  GLC 
p ea k  h e ig h t  

(mm)
..Ac e ta ld e h y d e 1

D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r  
(mm)

2 . 3  1+ . 5 6 7

7t h  day GLC 
p ea k  h e ig h t  

(mm)
A ce t a ld e h y d e

T rea tm en t

I 200 22 1+0 70 95 115 1 3 0 1I+5 ll+O

I I 195 21 1+0 70 96 118 131 II+6 1 3 0

I I I 180 25 ■ 1+6 72 91 112 1 2 9 1I+5 1 2 0

IV 168 26 1+6 70 90 118 1 3 8 150 1 2 0

V 166 26 1+7 71̂ 97 122 ll+O 156 115

Means 182 2h 1+1+ 71 91+ 117 I3I+ 1I+8 125

C o n tr o l

I 2 22 1+2 70 91 112 1 3 0 15 0 1+

I I 2 2k 1+6 71+ 91+ 113 120 II+5 2

I I I 1 16 31+ 68 88 100 115 II+9 3

IV 1 28 1+9 68 90 110 12 5 151 5

V 6 25 1+6 68 90 110 125 15 0 1+

Means 2 23 1+3 70 91 1 0 9 123 II+9 1+

I n h i b i t i o n  or  
S t im u la t io n  as  
% o f  c o n t r o l

+1+ +2 +2 +1+ +7 +9 -1



li+8

T a b le  5D R ecord  o f  grow th  o f  R h iz o c t o n ia  s o l a n i  c o l o n i e s  
in  t e s t  a s s e m b lie s  w ith  i n i t i a l  c o n c e n t r a t io n  
0 .0 1  m l l i q u i d  a c e ta ld e h y d e  /  l i t r e  s p a c e  o f  a i r  

and w it h  u n in o c u la t e d  2 % m a lt  a g a r  u s e d  a s  c o n t r o l s ,

A ssem b ly
No.

1 s t  day GLC 
p eak  h e ig h t  

(mm)
A c e ta ld e h y d e

D a i ly  o b s e r v a t io n  o f  
(mm)

1 2  3 1+

c o lo n y  d ia m e te r  

5 6.........  7

7t h  d ay  GLC 
p ea k  h e ig h t  

(mm)
A ce t a ld e h y d e

T rea tm en t

I 300 8 20 1+9 60 85 100 n5 2 6 0

II 250 9 22 50 62 90 110 11 9 2 5 0

III 290 10 30 55 66 91 no n 8 2I+O

IV 350 T 26 50 61 87 1 0 8 118 2 8 0

V 330 8 28 50 62 89 108 1 2 0 2 9 3

Means 30U 8 26 51 62 88 107 118 261+

C o n tr o l

I 2 8 22 1+9 65 86 108 1 2 2 10

I I 1 6 25 52 70 90 108 1 2 0 2

I I I  . 1 10 31 55 72 92 1 1 0 1 2 0 2

IV 1 10 31+ 55 70 93 115 1 3 0 2

V 1 10 33 58 72 92 115 1 3 0 2

Means 1 9 29 51+ ■ 70 91 111 121+ 1+

I n h i b i t i o n  a s -1 1 - i 2 —6 - 1 1 -1+ - 5lo o f  c o n t r o l



ll+9

T a b le  5E R ecord  o f  grow th  o f  R h iz o c t o n ia  s o l a n i  c o l o n i e s  
in  t e s t  a s s e m b l ie s  w ith  i n i t i a l  c o n c e n t r a t io n  
0 .0 5  m l l i q u i d  a c e ta ld e h y d e  /  l i t r e  s p a c e  o f  a i r .  
and w it h  u n in o c u la t e d  2% m a lt  a g a r  u s e d  a s  c o n t r o l s

A ssem b ly
No.

1 s t  day GLC 
p ea k  h e ig h t  

(mm)
A ce t a ld e h y d e

D a i ly  o b s e r v a t io n  o f  c o lo n y  
(mm)

1 2 3 U 5

d ia m e te r  

6 T

7t h  d ay  GLC 
p eak  h e ig h t  

(mm)
A c e ta ld e h y d e

T rea tm en t

I 1108 5 5 5 5 5 6 6 1000

II 1080 5 5 5 5 6 6 7 980

III 1100 5 5 5 5 6 6 7 980

IV n i l 5 5 5 5 5 5 6 970

V 1 1 2 0 5 5 5 5 5 5 5 10 0 0

Means llO U 5 5 5 5 5 5 6 986

C o n tr o l

I 1 6 2I+ 1+8 65 85 107 120 10

II 1 8 20 50 69 88 108 1 1 9 12

III 2 10 28 51+ TO 90 no 120 3

IV 1 9 25 53 T3 91 120 122 2

V 1 10 25 55 tu 95 112 1 2 5 1

Means 1 9 2h 52 TO 90 111 121 6

I n h i b i t i o n  a s  
% o f  c o n t r o l —1+1+ -T 9 -9 0 “ 93 -9I+ -9 5 -9 5
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T a b le  5F R eco rd  g ro w th  o f  R h i z o c to n i a  s o l a n i  i n  t e s t  
a s s e m b l i e s  w i t h  known c o n c e n t r a t i o n s  o f  
a u t h e n t i c  a c e t o n e

e to n e
l i q .  / I . a i r )  
s e d

A ssem bly
No.

1 s t  day  GLC 
p e a k  h e i g h t  
(mm)
Ac e to n e

D a i ly  o b s e r v a t i o n  o f  c o lo n y  
d i a m e te r  (mm)

1 2 3 1 + 5 6 7

7 t h  day  GLC 
p e a k  h e i g h t  
(mm)
A ce to n e

N i l
o n t r o l )

I
I I

I I I
IV

V

1
2
1
1
1

8
8

10
9

10

29
29
30
25
28

1+8
50
54
53
5I+

65
69
70
71 
7I+

85
88
90
90
95

107
108 
110 
112 
III+

120
119
120
125
126

1
1
1
2
2

Means 1 9 28 52 70 90 110 123 1

1 10 9 28 1+8 70 80 111 120 3
I I 22 7 2I+ 1+1+ 65 80 115 120 10

0 .0 0 0 5 I I I 20 9 25 1+8 68 80 III+ 122 6
IV 18 9 28 1+8 72 89 120 130 6

V 16 1I+ 36 52 78 95 120 132 7

Means 17 10 28 1+8 71 85 116 125 6

l i b i t  i o n  o r  
m u la t i o n  a s  
if c o n t r o l

'i-T N i l +1 • 6 +5 +2

I 60 1I+ 36 50 78 90 112 122 30
I I 1+8 8 28 1+8 7U 88 110 123 30

0 .0 0 1 I I I 45 8 28 1+8 70 83 111 120 20
IV 60 6 28 1+7 70 85 109 121 30

V 52 10 30 52 80 89 112 125 22

Means 53 9 30 53 7 I4 87 111 122 26

.m u la t io n  as  
)f c o n t r o l

N i l  +7 t 2  -*5 “ 3 "̂ 1 “1

I . 170 11 31+ 50 62 80 100 118 72
I I 169 9 33 1+6 62 80 105 120 70

0 .0 0 5 I I I 190 9 28 51 75 97 III+ 128 59
IV 165 9 30 5H 82 100 119 135 60

V 172 10 31 58 87 105 118 135 77

Means 173 10 31 52 71+ 92 111 127 68

.m u la t io n  a s  
)f  c o n t r o l +7 +11 N il +6 +2 +1 +3



151

T a b le  5G R eco rd  o f  g ro w th  o f  R h i z o c to n i a  s o l a n i  c o l o n i e s  
i n  t e s t  a s s e m b l i e s  w i th  i n i t i a l  c o n c e n t r a t i o n s  
o f  0 .0 3  ml and  o f  0 .1  ml l i q u i d  e t h a n o l / l i t r e  
s p a c e  o f  a i r .

e th a n o l 1 s t  day  GLC D a i ly  o b s e r v a t i o n o f  c o lo n y T th  day GLC
l i q . / I . a i r ) Assembly p eak  h e i g h t d i a m e te r (mm) p eak  h e i g h t

ised No. (mm) (ram)
E th a n o l 1 2 3 4 5 6 T E th a n o l

I 1 9 30 UU 6U 90 110 125 1
I I 1 10 3U 53 tu 100 120 135 1

N i l I I I 2 . 10 32 51 TO 98 120 133 1
C o n t r o l ) IV 2 10 33 50 TO 9T l l T 130 1

V 1 11 35 53 T3 100 118 130 1

Means 1 10 33 50 TO 9T I IT 131 1

I 80 9 28 kh 6o 90 111 120 60
I I TO 10 32 h9 68 96 112 130 22

0 .0 3 I I I TO 13 3.6 55 T5 100 120 130 U8
IV 92 9 28 hQ T2 100 116 130 3k

V 81 12 35 52 T2 96 116 132 28

Means T9 11 32 50 69 96 115 128 38

i h i b i t i o n  o r  
s im u l a t io n  as •3 N i l  -1

I 290 8 2h ^5 60 T8 98 120 148
I I 2T0 10 3k 50 TO 92 109 130 145

0 .1 I I I 268 12 32 50 69 94 114 130 149
IV ITO 10 32 U8 TO 98 118 134 138

V 2T0 12 32 48 69 95 115 132 135

Means 25U 10 31 48 68 91 111 129 143

i h i b i t i o n  a s
o f  c o n t r o l N i l -2
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T a b le  R e c o rd  o f  g ro w th  o f  R h i z o c t o n i a  s o l a n i  c o l o n i e s
i n  t e s t  a s s e m b l i e s  w i t h  i n i t i a l  c o n c e n t r a t i o n s  
o f  0 .3  an d  o f  1 .0  ml l i q u i d  e t h a n o l / l i t r e  s p a c e  
o f  a i r .

l a n o l 1 s t  day  GLC D a i ly  o b s e r v a t i o n  o f  c o lo n y 7 t h  day  GLC
l i q . / l . a i r ) A ssem bly p e a k  h e i g h t d i a m e te r (mm) p e a k  h e i g h t

sd No. (mm) (mm)
E th a n o l 1 2 3 U 5 6 7 E th a n o l

I k 8 20 U9 65 85 107 120 . 9
I I 1 6 20 51 69 90 107 119 8

N i l I I I 1 10 25 53 70 90 110 120 9
C o n t r o l ) IV 2 10 25 52 72 95 112 125 , 7

V 1 . 10 25 55 75 92 111 126 9

Means 2 9 23 52 70 90 109 122 8

I 557 9 23 56 70 89 109 121 3U0
I I 558 9 22 52 69 89 110 120 307

0 .3 I I I 565 8 20 50 69 90 111 12h 3h3
IV . hgo 7 20 H8 66 85 108 118 3U0

• V 561 7 19 U8 66 85 107 118 3hO

Means 546 8 21 51 68 88 109 120 33U

l i b i t i o n  as  
if c o n t r o l -11 ■3 - 2  N i l

I 982 8 20 Ho 60 82 93 102 952
I I 977 8 20 Ho 60 79 90 105 9H8

1.0 I I I 97U 8 20 H2 62 80 95 106 953
IV 985 9 20 50 65 82 9H 106 893

V 980 6 22 HH 6H 81 9H 105 950

Means 980 8 20 H3 62 81 93 105 931

l i b i t i o n  a s
) f  c o n t r o l

-11 -1 3  -1 7  -1 1  -1 0  -1 5  -1 ^



T ab le 51 R ecord o f  grow th o f  R h iz o c to n ia  s o la n i  c o lo n ie s
in  t e s t  a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  carbon  d io x id e .

COg% v o l . / v o l . D a i ly  o b s e r v a t io n  o f  c o lo n y d ia m e te r GLC p eak  h e ig h t
o f  a i r  s p a c e A ssem b ly (mm) (mm) COg

u se d No. 1 2 3 k 5 6 7 0 2 1+ 6

I 7 28 k5 72 101 125 lU 7 0 0 0 0
N orm al a i r I I 5 25 55 78 109 132 155 0 0 0 0
(C o n tr o l) I I I 7 28 51 7H 105 126 lU 6 0 0 0 0

IV 7 26 H6 73 101 1 2 1 11+3 0 0 0 0
V 7 27 50 75 10 0 125 1 5 0 0 0 1 0

Means 7 27 k9 I k 103 126 1H8 0 0 0 0

I 5 20 ko 58 78 95 1 1 0 18 17 20 l 6
I I 5 18 ho 57 78 96 1 1 2 18 19 20 20

1 0 I I I 6 22 h2 60 79 96 11 1 18 19 20 20
IV 6 18 36 56 72 9U 108 18 19 20 20

V 6 18 35 56 73 93 100 18 20 20 19

Means 6 19 39 57 76 95 108 18 19 20 19
I n h i b i t i o n  a s  
% o f  c o n t r o l - I k -30 -2 0 -2 3  -2 6  -2 5  -2 7

I 5 15 2k 35 50 61 70 28 27 25 28
I I 5 15 2k 3U 50 62 74 27 25 22 27

20 I I I 5 16 26 35 50 64 74 23 25 22 27
IV 5 lU 20 32 50 62 72 28 28 26 28

V 5 17 27 37 56 64 74 27 26 27 28

M eans 5 15 2k 35 51 63 73 27 26 24 28

I n h i b i t i o n  a s  
% o f  c o n t r o l -29 - k k -51 -53 -50 -5 0 -51

I 5 12 20 30 42 50 60 39 42 4o 39
I I 5 12 21 30 43 54 62 4l 44 4o 38

25 I I I 5 11 20 29 39 50 58 42 44 4o 38
IV 6 li+ 25 35 44 58 64 38 42 4o 37

V 5 13 19 30 4i 49 56 4o 42 42 37

M eans 5 12 21 31 42 52 60 4o 43 4o 38

I n h i b i t i o n  a s  
% o f  c o n t r o l -29 -5 6 -57 -58 -59 -59 -59

I 5 5 6 11 16 20 26 47 k9 48 50
I I 5 5 6 11 16 22 29 46 50 41 46

30 I I I 5 5 7 12 16 22 28 46 45 42 46
IV 5 5 6 13 16 22 26 45 45 45 4o

V 5 5 6 11 15 19 25 45 45 45 48 ,

M eans 5 5 6 12 16 21 27 46 47 44 46

I n h i b i t i o n  a s  
% o f  c o n t r o l -29 -8 1 -88 -84 -84 -83 -8 2
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T a b le  YA R ecord  o f  g ro w th  o f  c o l o n i e s  o f  R h iz o c t o n ia  s o l a n i  
in  t e s t  a s s e m b l i e s  m ea su red  1 ,  T & lU  d a y s  a f t e r  
i n o c u l a t i o n  and p a ir i n g  w ith  6 -d a y  - o l d  c u l t u r e s  
o f  T . v i r i d e  1  and w it h  u n in o c u la t e d  2 % m a lt  a g a r  
u s e d  a s  c o n t r o l s .

1 s t  day 7 th  day l 4t h day
A ssem b ly R , s o l a n i R . s o l a n i R .s o la n i

No. c o lo n y GLC p eak c o lo n y GLC p eak c o lo n y GLC p eak
d iam . h e ig h t  (imr ) d iam . h e ig h t  (mm ) d ia m . h e ig h t (mm)
(mm) E th a n o l (mm) E th a n o l CO^ (mm) E th a n o l COg
Mean Mean Mean

T rea tm en t

I 5 20 6 70 50 4o 110 26 0 50
I I 15 35 7 70 50 45 100 25 0 55

I I I 10 . 25 6 60 90 38 i4o 200 55
IV 10 20 5 6o 70 4o 90 250 55

V 10 18 9 65 70 4o l4o 190 55
VI 1 0 29 4 6o 6o 4o 1 0 0 230 55 '

Means 1 0 25 6 64 65 4i 113 230 54

C o n tr o l

I • 10 1 1 115 16 16 220 12 4o
I I 10 1 1 110 15 20 21 0 15 40

I I I 1 2 1 1 116 13 i 6 220 12 4o

Means 11 1 1 114 15 17 217 13 4o

I n h i b i t i o n  a s  
% o f  c o n t r o l -9 -48
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T a b le  ÎB R ecord  o f  g ro w th  o f  c o l o n i e s  o f  R h iz o c t o n ia  s o l a n i  
in  t e s t  a s s e m b l i e s  m easu red  1 , 7 & l 4 d a y s  a f t e r  
i n o c u l a t i o n  and p a ir i n g  w ith  7-d a y  - o l d  c u l t u r e s  
o f  T . v i r i d e  1 . and w ith  u n in o c u la t e d  2 % m a lt  a g a r  
u s e d  a s  c o n t r o l s .

1 s t day 7t h  day l 4t h day

A ssem b ly
No,

R .s o l a n i  
c o lo n y  
diam . 
(mm)
Mean

GLC p ea k  
h e ig h t  (mm) 
E th a n o l CO^

R .s o l a n i  
c o lo n y  
d iam . 
(mm)
Mean

GLC peak  
h e ig h t  (mm) 
E th a n o l CO^

R .s o la n i  
c o lo n y  
d iam . 
(mm)
Mean

GLC p eak  
h e ig h t  (mm) 
E th a n o l CO^

T rea tm en t

I 9 30 10 67 230 35 105 220 45
I I 8 4o 12 70 230 4o 1 0 5 225 45

I I I 10 30 10 62 24o 4o 65 270 50
IV 10 20 8 54 255 4o 70 260 50

V 8 35 10 67 250 45 100 220 4o
VI 10 30 10 67 235 4o 70 280 4o

Means 9 31 10 65 240 4o 85 246 45

C o n tr o l

I . 10 1 1 109 18 15 1 9 0 18 30
I I 10 1 2 115 15 15 1 9 0 15 30

I I I 10 1 ■ 1 120 13 15 1 9 0 12 30

Means 10 1 1 115 ■ 15 15 1 9 0 15 30

I n h i b i t i o n  a s  
% o f  c o n t r o l -10 -4 3 -5 5
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T a b le  TC R ecord  o f  g row th  o f  c o l o n i e s  o f  R h iz o c t o n ia  so lo ,n i  
in  t e s t  a s s e m b l ie s  m easu red  1 ,  7 & l 4 d a y s  a f t e r  
i n o c u l a t i o n  and p a ir i n g  w ith  8 -d a y  - o l d  c u l t u r e s  
o f  T . v i r i d e  1 and w it h  u n in o c u la t e d  2% m a lt  a g a r  
u s e d  a s  c o n t r o l s .

1 s t dav 7t h dav lU th  dav

A ssem b ly
No.

R .s o la n i  
c o lo n y  
diam . 
(mm)
Mean

GLC p eak  
h e ig h t  (mm) 
E th a n o l CO^

R .s o la n i  
c o lo n y  
d iam . 
(mm)
Mean

GLC p eak  
h e ig h t  (mm 
E th a n o l

)
COg

R .s o l a n i  
c o lo n y  
diam . 
(mm)
Mean

GLC p eak  
h e ig h t  (mm) 
E th a n o l COg

T rea tm en t

I 10 25 5 72 50 Uo 115 130 U5
I I 5 35 5 70 Uo Uo 105 135 45

I I I 10 30 8 75 50 U5 115 125 50
IV 12 25 5 70 50 U5 105 110 45

V 10 35 3 75 Uo U5 115 130 45,
VI 11 31 5 76 Uo Uo 120 120 50

Means 10 30 , 5 73 U5 U3 113 125 47

C o n tr o l

I 10 1 1 115 10 15 200 15 35
I I 10 1 2 122 10 15 200 10 35

I I I 10 1 2 120 5 15 200 5 35

Means 10 1 1 119 8 15 200 10 35

I n h i b i t i o n  a s  
% o f  c o n t r o l N i l -39 -UU
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T a b le  YD R eco rd  o f  g row th  o f  c o l o n i e s  o f  R h iz o c t o n ia  s o l a n i  i n  
t e s t  a s s e m b l i e s  m easu red  1 ,  7 & lU  d a y s a f t e r  
i n o c u l a t i o n  and p a ir i n g  w ith  6 -d a y  - o l d  c u l t u r e s  o f  
T . lo n g ib r a n c h ia t u m  WBC 4576  and w it h  u n in o c u la t e d  2% 
m a lt  a g a r  u s e d  a s  c o n t r o l s .

1 s t  day 7 th  day l 4t h day

A ssem b ly
No.

R . s o l a n i  
c o lo n y  
diam . 
(mm)

GLC p eak  
h e ig h t  (mm) 
E th a n o l COg

R . s o l a n i  
c o lo n y  
diam . 
(mm)

GLC peak  
h e ig h t  (mm) 
E th a n o l COg

R .s o l a n i  
c o lo n y  
diam . 
(mm)

GLC p ea k  
h e ig h t  (mm) 

E th a n o l COg

T rea tm en t

I 10 25 5 l6o 16 24 190 28 25
II 10 25 5 150 16 26 190 28 25

III 9 30 10 110 24 4o l60 35 43
IV 12 22 8 110 18 43 150 30 45
V 10 25 6 lUO 24 35 165 35 43

VI 10 2h 6 100 22 44 120 4o 4o

Means 10 25 . T 128 20 35 16 3 33 37

C o n tr o l

I 10 1 1 lU o 2 23 1 9 0 2 35
II 9 1 1 l 6 0 3 25 200 2 33

III 10 1 1 1 7 0 2 22 200 2 25

Means 10 1 1 157 2 23 1 9 7 2 31

I n h i b i t i o n  a s  
% o f  c o n t r o l N i l -18 -1 7
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T a b le  TE R ecord  o f  grow th  o f  c o l o n i e s  o f  R h iz o c t o n ia  s o l a n i  i n
t e s t  a s s e m b l i e s  m easu red  1 , T & l 4 d a y s  a f t e r  i n o c u l a t i o n  
and p a ir i n g  w ith  7 -d a y  - o l d  c u l t u r e s  o f  T . lo n g ib r a n c h ia tu m  
WBC U 576. and w ith  u n in o c u la t e d  2 % m a lt  a g a r  u s e d  a s  

c o n t r o l s .

1 s t  day 7t h  day l 4t h  d ay

A ssem b ly
N o.

R .s o l a n i  
c o lo n y  
diam . 
(mm)
Mean

GLC p ea k
h e ig h t
E th a n o l

mm)
COg

R .s o l a n i  
c o lo n y  
diam . 
(mm)
Mean

GLC P eak  
h e ig h t  (mm) 
E th a n o l COg

R .s o la n i  
c o lo n y  
diam . 
(mm)

Mean

GLC p eak  
h e ig h t  (mm) 

E th a n o l COg

T rea tm en t

I 10 20 7 110 4o 42 1 5 0 100 42
I I 12 20 7 1 2 5 45 35 1 6 0 100 42

I I I 10 15 1 0 120 45 34 1 5 0 100 44
IV 9 25 9 12 0 4o 35 1 2 0 120 42

V 10 ■ 22 8 115 45 4o 16 0 60 4 3
VI 1 0 20 8 1 3 0 44 32 160 65 4o

Means 10 20 8 1 2 0 45 36 1 5 0 91 42

C o n tr o l

I 10 1 1 lUo 20 18 2 1 0 5 32
I I 12 2 1 150 20 20 210 5 33

I I I 10 1 1 145 22 20 210 3 33

Means 11 1 . 1 145 21 19 210 4 33

I n h i b i t i o n  a s  
% o f  c o n t r o l - 9 -1 7 - 2 9
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T a b le  TF R ecord  o f  grow th  o f  c o l o n i e s  o f  R h iz o c to n ia  s o l a n i  
in  t e s t  a s s e m b l ie s  m easu red  1 ,  7 & l 4 d a y s a f t e r  
in o c u l a t i o n  and p a ir i n g  w ith  8 -d a y  - o l d  c u l t u r e s  o f  
T .lo n g ib r a n c h ia tu m  WBC and w ith  u n in o c u la t e d
2 % m a lt  a g a r  u se d  a s  c o n t r o l s .

1 s t  day T th  day l 4t h  day

A ssem b ly
No.

R .s o la n i  
c o lo n y  
diam . 
(mm)
Mean

GLC peak  
h e ig h t  (mm) 
E th a n o l CO

2

R .s o la n i  
c o lo n y  
diam . 
(mm)
Mean

GLC peak  
h e ig h t  (mm) 
E th a n o l COg

R .s o la n i  
c o lo n y  
diam . 
(mm)
Mean

GLC peak  
h e ig h t  (mm) 
E th a n o l COg

T rea tm en t

I 9 35 8 115 4o 35 130 70 4o
II 12 . 30 6 105 4o 35 1 3 0 70 4o

III 10 30 8 120 33 33 1 9 0 55 35
IV 1 0 35 9 105 38 30 130 45 4o
V 8 42 8 105 35 35 1 3 0 60 4 5 '

VI 8 4o 8 100 38 30 13 0  ■ 68 4o

Means 10 35 8 108 37 33 i4 o 61 4o

C o n tr o l

I 1 1 150 22 18 210 5 30
II 11 1 1 130 24 20 210 5 30

I I I 1 0 1 1 135 20 15 209 5 35

Means 11 1 1 138 22 18 210 5 32

I n h i b i t i o n  a s  
% o f  c o n t r o l - 9 - 2 2 -3 3
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T a b le 9A R ecord  o f  grow th  o f  Pyronem a d o m esticu m  c o l o n i e s  
i n  t e s t  a s s e m b lie s  m easu red  e v e r y  day f o r  T d a y s  
a f t e r  in o c u l a t i o n  and e n c l o s i n g  w it h  known 
c o n c e n t r a t io n s  o f  a u t h e n t ic  e t h y l e n e .

°2«U
1 s t  day * 
GLC p eak D a ily  o b s e r v a t io n s  o f  c o lo n y d ia m e te r  (mm)

(m l / l . a i r )  
u s e d

A ssem b ly
No.

h e ig h t  (mm) 
E th y le n e 1 2 3 4

N i l I . 1 20 105  220 230
,i( C o n tr o l ) I I 2 26 lUO 230 230

1 I I I 1 30 145  230 230

Means 2 25 130  ^27 230

I 38 32 l 40  230 230
0 .0 0 1 I I 82 30 135  230 230

I I I 58 23 125  230 230

Means 59 28 133  230 230

S t im u la t io n  a s  
% o f  c o n t r o l +12 +2 +1 N i l

I 1 9 0 34 15 0 230 230
0 .0 1 I I 182 30 135 225 230

I I I 204 28 145 230 230

Means 192 31 143 228 230

S t im u la t io n  a s  
% o f  c o n t r o l +21 +10 +1 N i l

I 2000 23 105 220 230
0 .1 I I 3480 32 150 230 230

I I I 3080 30 155 230 230

Means 2853 28 137 227 230

S t im u la t io n  as +12 +5 N i l N i l

1 .0
I

II
III

20 0 0 0
24000
21 2 0 0

33
24
25

165
129
1 3 0

230
230
230

230
230
230

Means 21733 27 l 4l 230 230

S t im u la t io n  a s  
% o f  c o n t r o l +8 +8 +1 N i l

* A t t e n u a t io n  u s e d  w as 50  x  1 .
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T ab le 9B R ecord o f  growth o f  Pyronema dome s t i  cum in  t e s t  a s s e m b lie s  w ith

known c o n c e n tr a t io n s  o f  a u th e n t ic  a c e t a ld eh yd e .

Ace t a ld e h y d e  
(m l l i q / l . a i r )  

u se d
A ssem b ly

No

1 s t  day  
GLC p eak  
h e ig h t  
(mm)

A ce t a ld e h y d e

D A ily  o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

X
1 2 3 4 5 6 T

T th  day  
GLC p eak  
h e ig h t  

(mm)
Ac e t a ld e h y d e

I 1 38 120 190 230 230 230 230 2
N i l I I 2 38 125 200 230 230 230 230 3

(C o n tr o l) I I I 3 38 124 200 230 230 230 230 2
IV 2 33 1 2 0 200 230 230 230 230 2

V 2 35 130 210 230 230 230 230 1

Means 2 36 124 200 230 230 230 230 2

I 20 26 90 230 230 230 230 230 6
I I 30 18 82 220 230 230 230 230 12

0 .0 0 0 5 I I I 22 30 91 230 230 230 23 0 230 7
IV 25 33 98 230 230 230 230 230 3

V 24 31 100 230 230 230 2 3 0 230 6

Means 24 28 92 228 230 230 230 230 7
I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

-2 2  -2 6  + l 4 N i l  N i l  N i l  N i l

I 20 20 75 180 200 230 230 230 2
I I 35 25 80 180 200 230 230 230 1 2

0 .0 0 1 I I I 25 18 75 170 200 230 230 230 12
IV 30 20 70 170 200 230 230 230 12

V 48 25 80 180 200 230 230 230 .......  5 ................
Means 31 22 76 176 200 230 230 230 9

I n h i b i t i o n  a s  
% o f  c o n t r o l -39 -39 -12 -13 N i l N i l N i l

I 95 15 30 70 i4 o 220 230 230 22
I I 150 16 25 60 125 200 230 230 49

0 .0 0 5 I I I 95 15 30 75 i4 o 220 230 230 32
IV 90 15 30 75 i4 o 220 230 230 23

V 95 15 30 75 i4 o 210 230 230 22
Means 105 ......15 29 71 137 214 230 230 30

I n h i b i t i o n  a s  
% of  c o n t r o l -5 8 -77 -6 5 -4o -7 N i l N i l

I 236 12 15 48 100 l4 o 200 230 200
I I 189 15 18 52 110 150 210 230 170

0 .0 1 I I I 189 15 19 52 110 150 200 230 180
IV 228 14 20 65 115 160 220 230 200

V 232 15 20 55 110 160 220 230 200

Means 215 14 18 5^ 109 152 210 230 190

I n h i b i t i o n  a s  
% o f  c o n t r o l -6 1 +85 -73 -53 -3 4 -9 N i l

I 550 5 5 5 5 5 5 5 340
I I ■ 550 5 5 5 5 5 5 5 44o

0 .0 5 I I I 601 5 5 5 5 5 5 5 580
IV 600 5 5 5 5 5 5 5 550

V 544 __5 5 5 5 5 5 . 5_. 500

Means 569 5 5 5 5 5 5 5 482
I n h i b i t i o n as -86 -9 6 -9 8 -98 -9 8 -9 8 -9 8
% o f  c o n t r o l

*A gar s u r f a c e  c o m p le t e ly  coveered w ith  t h e  m yceliu m
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T ab le  9C R ecord of. growth o f  Pyronema d om estic  urn in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  a c e to n e .

A c e to n e 1 s t  day D a ily  o b s e r v a t io n  o f  c o lo n y 7t h  d ay  GLC
(m l l i q .  / I .  a i r ) A ssem b ly GLC p eak d ia m e te r (mm) p ea k  h e ig h t

u s e d N o. h e ig h t  (mm) (mm)
A c e to n e 1 2 3 4 5 A c e to n e

I 1 26 150 200 220 230 1
■1 I I 2 30 l6 o 200 23 0 230 1

N i l  1 I I I 1 30 l6 o 200 230 230 2
( C o n t r o l) IV 2 30 i6 o 205 230 230 1

V 1 32 i6 o 200 220 '2 3 0 2

Means 1 30 158 201 226 230 1

I 1 2 37 170 200 230 230 4
I I 20 26 162 195 230 230 10

0 .0 0 0 5 I I I 22 30 173 202 230 230 10
IV 26 28 160 19 3 230 230 6

V 24 32 166 198 230 230 7

Means 21 31 166 198 230 230 7
I n h i b i t i o n  o r
S t im u la t io n  a s +3 +5 - 1 +2 N i l
% o f  c o n t r o l

I 4o 40 172 200 230 230 15
I I 30 29 170 200 230 230 20

0 .0 0 1 I I I 48 28 160 1 9 0 230 230 28.
IV 44 37 166 200 230 230 30

V 46 24 160 200 230 230 26

Means 42 32 166 198 230 230 24
I n h i b i t i o n  or  
S t im u la t io n  a s  
% o f  c o n t r o l

+7 +5 +2 N i l

I 136 30 160 1 9 0 230 230 90
I I 86 30 165 200 230 230 62

0 .0 0 5 I I I 85 35 1 7 0 200 230 23 0 72
IV 86 38 170 200 230 230 80

V 80 25 150 190 230 230 30

M eans 95 32 163 196 230 230 67

I n h i b i t i o n  o r  
S t i m u l a t i o n  a s  
% o f  c o n t r o l

+7 +3 -2 +2 N i l
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T ab le  9D Record o f  growth o f  Pyronema dome s t i  cum in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  e th a n o l

E th a n o l [ 1 s t  d ay GLC D a i ly  o b s e r v a t io n  o f  c o lo n y 7t h  d ay  GLC
(m l l i q / l . a i r ) A ssem b ly  •; p ea k  h e ig h t d ia m e te r (mm) p ea k  h e ig h t

u se d No ; (mm) (mm)
E th a n o l 1 2 3 4 5 E th a n o l

I 2 26 150 200 220 230 2
I I 1 30 160 200 230 230 1

N i l I I I 2 30 160 200 230 230 1
(C o n tr o l) IV 2 30 l6 o 205 230 230 4

V 1 32 l6 0 200 220 230 2

Means 2 30 158 201 226 230 2

I 62 30 120 190 230 230 33
I I 77 36 l4 o 200 230 230 32

0 .0 3 I I I 70 37 138 200 230 230 4o
IV 68 29 130 180 230 230 28

V 66 28 135 200 230 230 22

Means 69 32 133 194 230 230 31
I n h i b i t i o n  o r
S t im u la t io n  a s +7 —16 -3 +2 N i l
% o f  c o n t r o l

I 85 32 120 195 230 230 70
I I 85 33 120 200 230 230 65

0 .1 I I I 100 32 120 200 230 230 90
IV 8o 32 118 195 230 230 60

V 100 32 120 200 230 230 85

Means 90 32 120 198 230 230 74
I n h i b i t i o n  o r  
S t im u la t io n  a s  
t  o f  c o n t r o l

+7 -24 -1 +2 N i l

I 500 29 100 180 220 230 330
I I 6oo 29 100 180 230 230 265

0 .3 I I I 6oo 29 100 180 220 230 265
IV 560 34 105 195 230 230 260

V 565 34 105 195 230 230 260

Means 565 31 102 187 226 230 274
I n h i b i t i o n  o r
S t im u la t io n  as +3 -35 -7 N i l N i l
% o f  c o n t r o l

I 1345 28 80 170 225 230 1100
I I 1290 28 80 170 225 230 960

1 .0 I I I 1480 30 86 172 230 230 961
IV l4 4 o 26 75 168 220 230 962

V 1490 29 80 171 220 230 958

Means 1409 28 80 170 224 230 988
I n h i b i t i o n  a s
% o f  c o n t r o l -7 - 4 9 -15 -1 N i l
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T ab le 9E R ecord o f  grow th o f  Pyronema dom esticum  c o lo n ie s
in  t e s t  a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  carbon d io x id e .

COg % D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r . GLC p eak  h e ig h t (mm)
( v o l . / v o l . ) A ssem b ly (mm) CO2
u se d No. 1 2 3 4 5 6 T 0 2 4 6

I 88 220 230 230 230 230 230 0 0 0 1
Norm al a i r I I 80 220 230 230 230 230 230 0 1 1 0
( c o n t r o l ) I I I 90 23 0 230 230 230 230 230 0 1 1 1

IV 92 2 3 0 230 230 230 230 230 0 1 0 0
V 90 23 0 23 0 230 230 230 230 0 1 0 0

Means 88 22 6 230 230 230 230 230 0 1 0 0

I 65 1 6 5 23 0 230 230 230 230 18 20 22 20
I I 65 1 6 5 23 0 230 230 230 230 18 20 20 20

10 I I I 62 1 6 2 230 230 230 230 230 19 20 23 19
IV 62 1 6 2 230 230 230 230 230 18 20 23 20

V 62 1 6 2 23 0 230 230 230 230 18 20 23 20

Means 63 1 6 3 230 230 230 230 230 18 20 22 20

I n h i b i t i o n  a s  
% o f  c o n t r o l

'28 -2 8  N i l  N i l  N i l  N i l  N i l

20

I
I I

I I I
IV

V

43
43
4 o
42
45

112
1 1 5
11 6  
111  
111

1 5 0
1 5 2
15 3  
152  
15 0 '

1 8 0
1 8 2
185
182
18 0

200
209
208
200
200

23 0
230
230
230
2 3 0

230
230
230
230
230

28
2.8
28
28
28

26
26
20
26
26

32
31
30
32
32

31
31
31
32 
31

Means 43 113 151 182- 203 230 230 28 25 31 31

I n h i b i t i o n  a s  
% o f  c o n t r o l -5 1 - 5 0 - 3 4 - 2 1 -1 2 N i l N i l

I 15 35 55 70 80 88 93 48 45 50 50
I I 1 6 35 56 70 80 88 93 48 43 50 52

30 I I I 16 37 56 72 82 90 93 47 45 49 50
IV 15 37 56 72 82 91 95 47 45 49 49

V 1 6 37 56 72 82 89 93 47 45 49 49

Means 16 36 56 71 81 89 93 47 45 49 50

I n h i b i t i o n  a s  
 ̂ o f  c o n t r o l

- 8 2 -8 4 - 7 6 -6 9 -6 5 -6 1 —6 0
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Ta b le  9F R eco rd  o f  g ro w th  o f  c o l o n i e s  o f  P yth iu m  ultiroum  
i n  t e s t  a s s e m b l i e s  m easu red  e v e r y  d ay  f o r  7 d a y s  
a f t e r  i n o c u l a t i o n  and e n c lo s in g  w ith  known 
c o n c e n t r a t io n s  o f  a u t h e n t ic  e t h y le n e

( m l / 1 . a i r )  
u se d

A ssem b ly
No.

1 s t  day * 
GLC peak  
h e ig h t  
(mm)

D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r  (mm)

1 2 3 4 5 6 7

N i l I 5 35 80 124 150 155 160 165
( C o n tr o l ) I I 2 4o 83 123 150 157 164 167

I I I 2 50 90 127 154 159 165 169

Means 3 42 64 124 151 157 163 167

I 90 44 89 125 154 160 163 167
0 .0 0 1 I I 86 43 89 123 151 158 162 167

I I I 8 6 4o 82 117 152 159 168 169

Means 87 42 87 122 152 159 l6 4 168

I n h i b i t i o n  o r
S t im u la t io n  a s N i l +4 - 2 +1 +1 +1 +1
% o f  c o n t r o l

I 124 45 85 125 155 159 163 167
0 .0 1 I I 128 47 88 127 157 159 168 172

I I I 123 43 86 126 154 159 166 170

Means 125 45 86 126 155 159 166 170

I n h i b i t i o n  a s +7 +2 + 2 +3 +1 +2 +2
% o f  c o n t r o l .

I 2120 4o 80 118 150 155 159 166
0 .1 I I 2660 43 86 123 152 156 160 166

I I I 2380 43 81 124 155 160 160 165

Means 2387 42 8 2 122 152 157 160 166

I n h i b i t i o n  o r  
S t im u la t io n  a s N i l “2 - 2  +1 N i l  - 2  -1

I 27000 46 88 128 156 161 165 169
1 .0 I I 28000 4 l 82 120 150 160 164 168

I I I 29200 4o 82 121 149 158 165 169

Means 28067 42 84 123 152 160 165 169

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

Nil Nil +lu +2 +1 +1

* A t t e n u a t io n  u s e d  was 50 x  1 .
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T able 9G R ecord  o f  grow th o f  Pythium  ultim um  in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  a c e ta ld e h y d e

A c e ta ld e h y d e  
(m l l i q - / l . a i r )  

u se d
As 5 em bly  

No.

1 s t  day  
GLC peak  
h e ig h t  (mm) 
A c e ta ld e h y d e

D a i ly  o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

1 2 3 4 5 6

------p

7 ■

7t h  day  
GLC peak  
h e ig h t  (mm) 
Ac e t a ld e h y d e

I 2 4 l 86 120 156 175 188 220  ; 2
N i l I I 1 4 o 85 119 155 175 19 0 220 2

(C o n tr o l) I I I 1 45 92 124 160 18 0 195 23 0 2
IV 2 45 92 125 160 180 195 230 2

V 1 39 85 120 155 176 1 9 0 220 2

Means 1 ' 42 88 122 15 T 177 192 224 2

I 20 44 100 120 149 165 175 220 10
I I 25 39 101 120 150 168 180 225 12

0 .0 0 0 5 I I I 17 48 1 0 8 130 166 17 9 1 9 8 230 12
IV 10 45 99 118 l 48 165 180 222 6

V 28 45 98 120 157 177 200 220 6

Means 20 44 101 122 154 171 187 223 9
I n h i b i t i o n  o r
S t im u la t io n  a s +5 +15 N i l -2 -3 “ 3 N i l
% o f  c o n t r o l

I 70 45 110 130 155 165 175 182 4 l
I I 60 42 110 i 4o 165 175 186 192 39

0 .0 0 1 I I I 65 44 100 130 160 17 2 185 195 22
IV 65 4o 93 124 155 166 175 183 33

V 80 49 110 i 4o 162 172 186 194 36

Means 68 44 105 133 159 1 7 0 181 189 34
I n h i b i t i o n  o r  
S t im u la t io n  a s +5 +19 +9 +1 -5 -16

I 145 50 100 129 1 6 0 172 183 1 9 0 112
I I 150 45 98 125 160 173 185 192 102

0 .0 0 5 I I I 165 50 102 130 160 171 182 19 0 104
IV 149 49 1 0 0 128 159 1 7 0 180 1 8 9 1 1 2

V 190 35 88 1 1 0 145 165 175 186 122

Means 160 46 98 124 157 1 7 0 181 189 11 0
I n h i b i t i o n  o r  
S t im u la t io n  a s +10 +11 +2 M il -16

I 335 28 63 105 155 179 190 206 228
I I 332 29 68 114 160 180 198 210 220

0 .0 1 I I I 332 29 68 115 160 180 199 210 220
IV 329 30 68 l l 4 160 181 200 210 i4 o

V 360 28 62 106 154 179 190 205 240

Means 338 29 66 111 158 180 195 208 210
I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

-a .  - 2 5  - 9  N i l +2 -T

I 1000 22 45 60 92 l 4 l 160 180 860
I I 990 24 46 62 94 l 4 l 162 180 800

0 .0 5 I I I 900 24 46 62 94 l 4 l 162 182 800
IV 850 25 47 65 96 142 165 184 750

V 900 25 46 65 96 i 42 166 185 T4o
Means 928 24 46 63 94 i 4i 163 182 790

I n h i b i t i o n  a s
% o f  c o n t r o l -43 -48 -48 -4o -2 0 -1 5 -1 9
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T ab le 9H R ecord o f  growth o f  Pythium  ultim um  in  t e s t ,
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  a ce to n e

A c e to n e  
(m l l i q . / l . a i r )  
u se d

A ssem b ly
No.

1 s t  day GLC 
p e a k  h e ig h t  
(mm)
A c e to n e 1

D a ily  o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

2 3 4 5 6 7

7t h  day GLC 
p ea k  h e ig h t  
(mm)
A c e to n e

I 2 44 90 120 138 161 183 196 1
I I 2 43 88 120 138 162 185 198 2

N i l I I I 1 42 88 119 1 3 8 162 185 198 2
(C o n tr o l ) IV 2 38 86 116 134 158 18% 195 2

V 2 39 87 116 135 160 184 196 2

Means 2 41 88 118 1 3 7 161 183 197 2

I 20 44 92 121 143 164 186 196 10
I I 25 42 91 122 144 164 1 8 2 195 1 0

0 .0 0 0 5 I I I 10 4o 88 120 143 l 64 182 194 7
IV 30 42 90 120 1 3 8 160 1 7 9 190 6

V 31 45 95 125 1 5 0 171 188 200 16

Means 23 43 91 122 144 165 183 195 10

I n h i b i t i o n  o r
S t im u la t io n  a s +3 +3 +5 +2 N i l - 1
% o f  c o n t r o l

I 4o 46 98 120 138 166 186 196 20
I I 55 39 90 111 122 160 18 0 192 20

0 .0 0 1 I I I .38 44 92 112 12 2 160 179 192 20
IV 59 47 98 118 135 166 188 196 33

V 50 48 98 121 135 168 188 200 12

M ean s• 48 45 95 116 1 3 0 164 184 195 21

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+ 1 0  +8 - g  - 5  +2 N i l  - 1

I 120 42 91 122 l4 o 160 180 195 40
I I 100 4o 88 120 l4 o 160 180 194 50 ,

0 .0 0 5 I I I l4 o 44 90 120 i4 o 160 181 195 4o
IV 100 42 90 120 l 4 l 162 184 198 4o

V 90 45 95 125 145 l6 4 185 200 22

M eans 110 43 91 121 l 4 l 161 182 196 38

S t im u la t io n  as
% o f  c o n t r o l

+  5 +3 +3 +3 N i l  - 1  N i l
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T ab le  91 Record o f  grow th o f  Pythium  ultim um  in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  e th a n o l

E th a n o l  
(m l l i q . / l . a i r )  

u s e d
A ssem b ly

No.

1 s t  d a y  GLC 
p eak  h e ig h t  
(mm)
E th a n o l 1

D a i ly  o b s e r v a t io n  o f  
d ia m e te r  (mm)

2 3 U 5

c o lo n y

6 7

7t h  d ay  GLC 
peak  h e ig h t  
(mm)
E th a n o l

I 1 h k 90 120 138 161 183 196 1
I I k h 3 88 120 138 162 185 198 1

N i l I I I 2 k 2 88 119 138 162 185 198 2
( C o n tr o l) IV 1 38 86 116 13U 158 182 195 1

V 1 39 87 116 135 160 I 8 U 196 1
Means 2 k l 88 118 137 161 18U 197 1

I 6o Uo 85 118 136 160 180 198 30
I I TO 39 85 118 138 161 180 193 30

0 .0 3 I I I 80 U l 86 118 138 165 188 200 30
IV 58 k l 83 116 137 160 179 193 12

V 50 37 82 l l 6 139 159 182 197 33
Means 6U Uo 8U 117 138 161 182 196 27

I n h i b i t i o n  o r
S t im u la t io n  a s "2 -5 -1 +1 N i l -1 -!■
% o f  c o n t r o l

I 200 Uo 8U 118 136 160 180 191 80
I I 220 38 85 119 138 161 180 190 95

0 .1 I I I 200 Uo 85 120 138 162 180 191 70
IV 230 37 82 117 136 160 179 188 80

V 290  . Ul 86 120 138 161 180 190 75
Means 208 39 8U 119 137 161 180 190 80

I n h i b i t i o n  o r  
S t i m u l a t i o n  a s  
% o f  c o n t r o l

-5  -5 +1 N i l  N i l  - 2  ~h

I 552 38 80 110 130 156 177 187 300
I I 55U Uo 81 110 131 158 178 188 280

0 .3 I I I 520 U3 82 110 131 158 178 188 300
IV 5UO U2 81 110 130 157 172 185 300

V 510 U3 85 115 135 160 180 190 290

M eans 537 Ul 82 111 131 158 177 188 29U
I n h i b i t i o n  a s
% o f  c o n t r o l N i l -7 -6 -U - 2 -U -5

I 900 38 73 95 118 lUo 16U 175 800
I I 1100 35 70 93 116 138 160 172 900

1 .0 I I I 1050 35 70 93 116 138 161 17 U 820
IV 1000 38 73 95 119 lUo 16 U 175 900

V 999 38 71 92 116 128 161 173 800

M eans 1010 37 71 9U 117 139 162 1 7 U 8UU
I n h i b i t i o n  a s
% o f  c o n t r o l -_4U -1 9 -lU -lU -12 -12
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T ab le 9J R ecord o f  g ro v th  o f  Pythium  u ltim im  in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  carbon d io x id e

COg io D a i ly  o b s e r v a t io n  o f  c o lo n y  d iam . GLC p ea k  h e ig h t
( v o l . / v o l . ) A ssem b ly (mm) (mm) COp
u s e d No. 1 2 3 4 5 6 7 0 2 4 6

I i;6 130 143 180 205 220 230 0 0 0 0
I I U6 128 142 180 205 220 230 0 0 0 0

N orm al a i r I I I ut 128 142 180 205 220 230 0 0 1 0
(C o n tr o l ) IV 45 128 142 181 206 230 230 0 0 1 0

V 45 128 142 I 8l 208 230 230 0 0 1 0

Means 46 128 142 180 206 22ÎI 230 0 0 1 0

I 38 110 121 150 180 200 230 18 24 20 22
I I 38 106 121 150 180 200 230 18 24 20 22

10 I I I 38 106 121 150 180 200 230 18 29 20 22
IV 4o 110 123 151 180 203 230 18 30 20 22

V 39 105 122 150 180 200 230 18 30 20 22

Means 39 107 122 150 180 201 230 18 27 20 22

I n h i b i t i o n  a s
% o f  c o n t r o l -.1 ^ -1 6 “ l 4 -1 7 -1 3 -1 3 N i l

I 27 87 102 127 150 162 172 26 30 30 30
I I 29 89 102 127 150 162 172 26 32 30 .30

20 I I I 28 90 102 128 150 163 172 26 32 30 31
IV 29 92 102 128 150 163 172 24 32 30 28

V 24 90 107 126 148 162 172 28 32 30 28

Means 27 90 103 127 150 162 172 26 32 30 29
I n h i b i t i o n  a s
% o f  c o n t r o l -4.-1 -3 0 -2 8 -3 0 -2 7 -2 8 -2 5

I 22 66 75 88 110 121 134 47 47 51 50
I I 24 70 80 90 112 122 130 47 47 50 50

30 I I I 22 67 75 88 110 122 130 49 47 51 50
IV 22 67 75 86 111 121 135 48 46 50 50

V 22 67 75 88 111 123 130 50 47 • 50 50

Means 22 67 76 88 111 122 132 48 47 50 50

I n h i b i t i o n  a s
% o f  c o n t r o l - 9 2 —48 -4 7 -5 1 —46 -4 6 - 4 3
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T a b le  9K R ecord  o f  g row th  o f  c o l o n i e s  o f  Fomes an nosu s
i n  t e s t  a s s e m b lie s  m easu red  e v e r y  day f o r  7 d a y s a f t e r  
in o c u l a t i o n  and e n c lo s in g  w ith  known c o n c e n t r a t io n s  
o f  a u t h e n t ic  e t h y le n e

(m l / l . a i r )  A ssem b ly  
u s e d  No.

1 s t  day*  
GLC p ea k  
h e ig h t  
(ram)

D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r  (mm)

1 2 3 4 5 6 7

N i l  I 
( C o n tr o l ) II 

III

2
3
4

5 1 0  16  23 28 32 38  
5 9 14 23 29 32 42 
5 11 16  23 28 32 38

Means 3 5 1 0  15  23 28 32 39

I
0 .0 0 1  II 

III

1 1 0
122
143

5 10  16 21 29 32 38
5 9 16 21 28 30 40
6 10 16 22 30 31 38

Means 125 5 10  16  21 29 31 39

I n h i b i t i o n  o r
S t im u la t io n  a s  N i l  +7  ~ 9  +4  “ 3  N i l  
% o f  c o n t r o l

I
0 .0 1  I I  

III

480
500
444

5 11  16 25 31 38 42 
5 9 16  22 28 34 40  
5 11 18 24 28  33 38

Means 475 5 10  17 24 29 35 40

S t im u la t io n  a s  
% o f  c o n t r o l N i l  N i l  + 1 3  +J+ +4  +9 +2

I
0 .1  II 

III

3700
3400
3440

5 1 0  15 22 28 34 42
5 12  18 24 29  34 42
6 1 0  17 23 29  35 42

Means 3513 5 11  1 7  23 29 34 42

S t im u la t io n  a s  
% o f  c o n t r o l

N i l  +10 + 1 3  N i l  +4  +7

I 39000 5 9 16 21 27 32 40
1.0 II 41000 5 10 16 22 29 31 4o

III 41800 5 9 15 22 28 32 4l

M eans 4o6oo 5 9 16 22 28 32 4o

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l '

N i l  “10  +7  -k N i l  N i l  +3

^ A tte n u a t io n  u s e d  w as 50 x  1
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T ab le  9L Record of. g ro v th  o f  Femes anno sus in  t e s t  a s se m b lie s
v i t h  kno^m c o n c e n tr a t io n s  o f  a u th e n t ic  a c e ta ld e h y d e

A ce t a ld e h y d e  
(m l l i q - / l . a i r )  

u s e d
As s em bly  

No.

1 s t  day GLC 
peak  h e ig h t  
(mm)
A c e ta ld e h y d e

D a ily  o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

1 2 3 1 + 5 6 T

T th day GLC 
peak  h e ig h t  
(mm)
A c e ta ld e h y d e

I 2 5 6 10 15 20 23 33 2
N i l I I 2 5 5 6 lU 16 20 25 2

(C o n tr o l) I I I 2 5 5 8 15 16 21 26 2
IV 3 5 6 8 15 IT 23 30 2

V 2 5 6 9 Ik 20 2k 29 2

Means 2 5 6 8 15 18 22 29 2

I 25 5 6 8 16 20 25 30 20
I I 20 5 6 8 16 20 23 28 20

0 .0 0 0 5 III 16 ■ 5 6 9 13 16 22 28 10
IV 5 5 8 10 16 20 26 33 1
V 2U 5 6 8 15 20 2k 30 9

Means 18 5 6 9 15 19 2k 30 12
S t im u la t io n  as
% o f  c o n t r o l N i l N i l  + 1 3  %4 l +6- +8 +3

I 25 5 6 8 15 19 2k 29 25
II 55 5 6 8 15 20 2k 29 25

0 .0 0 1 III 60 5 6 T 12 IT 21 26 k2
IV 60 5 6 T 12. 18 20 26 k8
V 80 5 6 8 16 21 23 29 22

Means 56 5 6 8 Ik 19 22 28 32
I n h i b i t i o n  o r  
S t im u la t io n  as  
% o f  c o n t r o l

N i l  N i l  N i l  -T +6 N i l  -3

I 185 5 5 6 12 16 2k 30 65
II Ik 5 5 5 8 Ik 18 25 30 2k

0.005 III 1T5 5 5 T 12 IT 22 2T ko
IV 120 5 6 8 12 16 23 30 36
V 1T5 5 5 T 12 16 23 2T 30

Means 160 5 5 T 12 IT 23 29 39
I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

N i l  -IT -1 3  ' - 2 0  - 6 ;  +5 N i l

I 283 5 5 6 Ik 20 22 26 130
II 285 5 5 6 i k 20 21 25 130

0 .0 1 III 295 5 5 5 1 0 i k 19 25 1 3 0
IV 28 0 5 5 8 16 20 23 25 125
V 288 5 5 8 15 18 21 25 125

Means 286 5 5 7 Ik 18 21 25 128

I n h i b i t i o n  as  
o f  c o n t r o l

N i l  -IT  -1 3  -T N i l  - 5  - 1 ^

I T05 5 5 5 5 5 9 15 620
II 900 5 5 5 5 5 8 15 TOO

0 .0 5 III 810 5 5 5 5 5 6 12 T09
IV 1022 5 5 5 5 5 5 10 TI5
V 910 5 5 5 5 5 6 Ik T09

Means 869 5 5 5 5 5 T 13 691

% o f  c o n t r o l
N i l  -IT  -3 8  - 6 t -T2 -6 8  -5 5
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T ab le R e c o r d  o f  o f  Pomes anno su s in  t e s t  a s se m b lie s
w ith  known c o n c e n tr a t io n s  o f  a u th e n t ic  a ce to n e

A c e to n e  
(m l l i q , / I . a i r )  

u s e d
A ssem b ly

No.

1 s t  d ay GLC 
p eak  h e ig h t  
(mm)
Ac e to n e

D a i ly  o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

1 2 3 U 5 6 T

7t h  d ay GLC 
p eak  h e ig h t  
(mm)
Ac e to n e

I 1 5 8 l 6 20 2l| 28 32 3
N i l I I 2 5 9 15 21 25 28 32 2

( C o n tr o l) I I I
IV

1
1

5
5

8
9

12
l 6

20
20

23
24

27
29

32
33

2
2

V 1 5 7 13 19 23 27 30 3

Means 1 5 8 15 20 24 28 32 2

I 111 5 8 13 18 20 27 30 10
I I 30 6 10 16 21 23 30 33 19

0 .0 0 0 5 I I I 12  ̂ 6 11 l 6 22 25 31 36 9
IV 13 5 8 ih 20 23 29 31 8

V 18 5 7 Ih 21 23 29 32 8

Means , , , 11. ? _ 9. 15 20 23 29 32 11
I n h i b i t i o n  o r  
S t im u la t io n  as  
% o f  c o n t r o l

n i l  +13 N i l  N i l  -h +U N i l

I 6o 7 10 15 20 25 28 31 20
I I 55 10 13 17 24 28 32 35 30

0 .001 I I I 30 5 8 l4 20 25 29 31 20
IV 50 5 8 14 18 22 26 30 22

V 48 6 8 15 20 24 30 32 24

Means ... 7 9 15 20 25 29 32 23
S t im u la t io n  a s  
% o f  c o n t r o l +/10 +13 N i l  N i l  +U +4 N i l

I 180 5 8 12 18 24 26 30 140
I I . 180 5 8 12 20 24 28 33 80

0 .0 0 5 I I I 195 5 ? 10 1 6 23 25 30 145
IV 170 5 9 12 20 24 28 32 150

V 190 5 9 12 20 25 28 33 1 6 0

Means 183 5 8 12 19 24 27 32 137

I n h i b i t i o n ,  a s  
% o f  c o n t r o l

N i l  N i l  -2 1  -5  N i l N i l
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T ab le  9N R ecord o f  grow th o f  Pomes annosus in  t e s t  a sse m b lie s
w ith  known c o n c e n tr a t io n s  o f  a u th e n t ic  e th a n o l

E th a n o l  
(m l l i q . / l . a i r )  

u s e d
A ssem b ly

No.

1 s t  d ay  GLC 
p ea k  h e ig h t  
(mm)
E th a n o l

D a i ly  o b s e r v a t io n  
d ia m e te r  (mm)

1 2  3 4

o f  c o lo n y  

5 6 7

T th d ay  GLC 
p eak  h e ig h t  
(mm)
E th a n o l

I 1 5 8 16 20 24 28 32 2

N i l I I 2 5 9 16 21 25 28 32 2

(C o n tr o l ) I I I
IV

2
2

5
5

8
9

12
16

20
20

23
24

27
29

32
33

3
3

V 2 5 7 13 19 23 27 30 2

Means 2 5 8 15 20 24 28 32 2

I 60 5 7 14 20 25 26 30 35
I I 66 5 7 13 20 25 28 33 35

0 .0 3 I I I 80 7 11 18 25 30 33 36 33
IV 50 5 8 15 20 24 25 30 30

V 55 5 6 11 18 22 25 30 31
Means 62 5 8 l 4 21 25 27 32 27

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l N i l  N i l  - 7  + 5  +4 "3 N i l

I  ■ 220 5 7 14 20 23 26 31 100
I I 224 5 5 9 18 21 25 30 100

0 .1 I I I 227 5 9 18 22 25 28 33 99
IV 220 5 10 18 23 26 27 30 80

V 23 0 5 8 11 19 21 26 30 90

Means 224 5 8 l 4 20 23 26 31 94

. I n h i b i t i o n  a s  
% o f  c o n t r o l

N i l  N i l  -7  N i l - 7  - 3

I 560 5 5 11 18 22 24 29 340
I I 555 5 5 10 18 22 25 29 310

0 .3 I I I 456 5 6 12 20 23 25 30 310
IV 553 5 6 . 10 18 21 23 29 300

V _  1 6 1  _ 5 5 9 16 20 22 28 282

Means 537 5 5 10 18 22 24 29 308

I n h i b i t i o n  a s  
% o f  c o n t r o l

N i l  “ 38 “ 33 “10  “8 “14

I 1 1 6 0 5 5 5 15 20 24 30 1000
I I 1 1 5 0 5 5 5 15 20 24 30 1000

1 .0 I I I 1 0 4 9 5 5 6 15 19 23 30 900
IV 1 0 5 0 5 5 7 18 21 24 30 820

V 1145 5 5 5 12 20 23 30 1000

Means 1111 5 5 6 15 20 24 30 944

I n h ib i t io n  as
% o f  c o n t r o l

N i l  “ 38 “ 62 “ 25 “I 6 “15 “ 6
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T ab le  9 0  Record o f  grc^fth o f  Femes annosus in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  carbon d io x id e

COg#

( v o l . / v o l . ) 
u s e d

A s se m b ly
N o.

D a i l y  o b s e r v a t i o n  o f  
(mm)

1 2 3 k

c o lo n y  d ia m e t e r  

.5 6 T

GLC p e a k  h e i g h t  
(mm) cOo

0 2 k  6

I 5 10 lU 18 22 26 3 k 0 0 0 0
N o rm a l a i r I I 5 11 16 25 28 31 38 0 0 0 0
( C o n t r o l ) I I I 5 11 18 22 30 35 38 0 0 0 0

IV  ■ 5 10 16 25 30 35 Uo 0 0 0 0
V 5 11 19 26 29 35 k l 0 0 0 0

M eans 5 11 IT 23 28 32 38 0 0 0 0

I 5 10 18 22 28 36 Ho IT 18 18 20
I I 5 10 19 23 30 3T Uo 16 18 18 20

10 I I I 5 8 12 20 29 35 39 16 16 18 20
IV 5 8 13 20 25 3I4 38 16 i k 20 20

V 5 9 15 20 26 3 k 38 16 18 20 20

M eans 5 9 15 21 28 35 39 16 IT 19 20

I n h i b i t i o n  o r
S t i m u l a t i o n  a s N i l -1 8 -1  ? -9 N i l +9 •*•3
% o f  c o n t r o l

I 5 8 10 18 20 25 30 28 30 29 30
I I 5 9 15 19 2 k 26 31 2T 28 28 29

20 I I I 5 8 9 18 21 25 30 28 28 29 30
IV 5 8 10 18 20 25 30 28 28 28 30
-.V 5 . 8 12 19 22 25 30 2T 28 30 30

M eans 5 8 11 18 21 25 30 28 28 29 30
I n h i b i t i o n  a s  
% o f  c o n t r o l N i l -2T -35  -2 2  “25 “22 “21

I 5 5 6 12 15 18 20 U8 UU 50 48
I I 5 5 8 12 16 2 k 30 kQ k 6 48 4 9

30 I I I 5 6 10 18 21 30 32 k& kQ 4 9 4 9

IV 5 5 10 18 22 30 32 H8 k k 4 9 4 9

V 5 6 11 19 22 30 31 )t8 kQ 4 9 4 9

M eans 5 5 9 16 19 26 29 k 8 k 6 k 9 4 9

% o f  c o n t r o l N i l •55 -ItT -30 •32 “19 - 2 k
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T a b le  9 p R ecord  o f  g row th  o f  c o l o n i e s  o f  Mueo r  h ie m a i l s in
t e s t  a s s e m b lie s  m easu red  e v e r y  day f o r  T d ays a f t e r  
i n o c u l a t i o n  and e n c lo s in g  w ith  known c o n c e n t r a t io n s  
o f  a u t h e n t ic  e t h y le n e

°2  «k  
( m l /1 , a i r )  

u s e d
A ssem b ly

No.

1 s t  day*  
GLC p ea k  
h e ig h t  (mm) 
E th y le n e

D a i ly  o b s e r v a t io n  o f  

1 2  3 4

c o lo n y  d ia m e te r  (mm) 

5 6 7
N i l  

(C o n tr o l )
I

I I
I I I

5
6 
5

10
12
12

43
44 
42

61
63
63

80
82
82

100
99

102

119
120  
119

127
132
1 2 9

Means 5 11 43 62 81 100 119 129

0 .0 0 1
I

I I
I I I

145
121
111

12
12
13

45
44
45

65
64
64

83
84 
82

103
103
103

122
120
120

132
128
129

Means 126 12 45 64 83 103 121 130

S t i m u la t io n  as  
% o f  c o n t r o l T9 +5 +3 +2 + 3 +2 +1

0 .0 1
I

I I
I I I

446
490
508

12
12
12

43  
45
44

64
64
63

84
85  
82

1 0 4
1 0 5
103

122
124
121

128
1 2 9
126

Means 481 12 44 64 84 io 4 122 128
I n h i b i t i o n  o r  
S t i m u la t io n  as  
% o f  c o n t r o l

+9 +2 +3 +3 +4 +3 ~1

0 .1
I

I I
I I I

1 3660  
3480  
3700

l 4
l 4
12

46
47
46

65
66 
64

86
86
86

1 0 5
1 0 4
105

122
122
122

129
1 3 1
131

Means 3613 13 46 65 86 105 122 130

S t i m u la t io n  a s  
% o f  c o n t r o l +18 +7 +5 +6 +5 +3 +1

1 .0
I

I I
I I I

42200
38400
4l4oo

11
l 4
l 4

43
46
45

61
64
64

82
83  
83

103
102
103

122
123
123

128
132
131

Means 40667 13 45 63 83 103 123 130

S t im u la t io n  a s . 
% o f  c o n t r o l +18 +5 +1 +2 +3 +3 +1

* A t t e n u a t io n  u s e d  was 50 x  1 .
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T ab le  9Q R ecord of g r o v th  o f  Mucor h ie m a ils  in  t e s t  a s s e m b lie s
w ith  known c o n c e n tr a t io n s  of a u th e n t ic  a c e t a ld eh yd e

A ce t a ld e h y d e  
(m l l i q . / l . a i r )  

u s e d
A ssem b ly

No.

1 s t  d ay  GLC 
p ea k  h e ig h t  

(mm)
A ce t a ld e h y d e

D a i ly  o b s e r v a t io n  
d ia m e te r  (mm)

1 2 3 1+

o f  c o lo n y  

5 6 7

7t h  day GLC 
p ea k  h e ig h t  

(ram)
Ac e t a ld e h y d e

I 5 20 kl 65 78 97 102 112 7
I I 7 20 k2 67 80 98 lOU l l 6 8

N i l I I I 12 19 ko 6k 77 96 102 110 10
(C o n tr o l ) IV 15 20 k3 69 80 98 104 115 20

V 15 20 k3 68 79 97 102 112 9
Means 11 20 k2 67 79 97 103 113 11

I 20 20 72 80 100 103 109 10
I I 31 22 ^8 70 80 99 103 116 10

0 .0 0 0 5 I I I 22 22 k6 70 79 -96 99 115 9
IV 6 21 k6 69 77 95 98 115 8

V 35 2k 50 72 82 99 100 108 12

Meahs 23 22 kd 71 80 98 101 113 10
I n h i b i t i o n  o r  
S t i m u la t io n  a s  
^ o f  c o n t r o l

+10 +lU +6 +1 +1 - 2  N i l

0 .0 0 1

I
I I

I I I
IV

V

31
46
38
4o
4o

23 
22 
22 
20
24

49
49
50 
48 
48

72
69 
71
70
71

91
90
90
88

.90

106
103
102
100
105

120
118
118
116
120

135
130
130
125
138

30
4o
30
50
45

Means ......... 39 22 49 71 90 103 118 132 39
S t i m u la t io n  a s  
% o f  c o n t r o l +10 +17 +6 +l4 +6 +15 +17

I 175 24 50 72 92 110 120 130 70
I I 170 24 52 72 92 110 120 130 75

0 .0 0 5 I I I 175 22 55 76 94 113 122 134 50
IV 200 22 52 72 92 110 120 130 70

V 180 24 52 74 93 112 122 133 70
Means 180 23 52 73 93 111 121 131 67

S t i m u la t io n  a s
% o f  c o n t r o l +15 +24 +9 +18 +l4 +18 +l6

I 270 20 4o 62 73 90 102 110 220
I I 280 18 38 6 l 72 88 100 110 250

0 .0 1 I I I 275 17 38 6 l 72 88 100 110 210
IV 280 17 . 37 6o 72 86 99 108 220

V 265 20 39 6o 72 88 101 113 220

Means 274 18 38 6 i 72 88 100 110 224
I n h i b i t i o n  a s
% o f  c o n t r o l -1 0 -10 -9 -9 - 9 -3 ”3

I 1120 5 28 38 44 53 66 76 800
I I 900 10 30 39 44 53 66 77 800

0 .0 5 I I I 950 5 28 36 4 i 52 66 77 770
IV 900 6 29 36 41 52 66 77 760

V 900 6 30 4o 45 53 68 79 800

Means 954 6 29 38 43 53 66 77 786
I n h i b i t i o n  a s  
ia o f  c o n t r o l -70 -31 -43 -46 -45 -36 -32
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T ab le 9R Record o f  growth o f  Mucor h ie m a lis  in  t e s t  a s se m b lie s
w ith  known c o n c e n tr a t io n s  o f  a u th e n t ic  a ce to n e

A c e to n e  
(m l l i q . / l . a i r )  

u s e d
A ssem b ly

No.

1 s t  day GLC 
p eak  h e ig h t  
(mm)

D a i ly  o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

7t h  d ay  GLC 
p eak  h e ig h t  
(mm)

A ce t on e 1 2 3 4 5 6 7 A c e to n e

I 1 18 43 6o 82 98 110 125 5
I I 1 19 45 62 84 100 110 125 5

N i l I I I 2 20 44 6l 84 99 109 124 4
(C o n tr o l ) IV 1 19 46 62 84 100 110 125 9

V 1 20 43 6o 81 98 109 123 6

Means 1 19 44 6i 83 99 110 124 6

I 20 20 45 60 84 89 108 123 20
I I 4 20 46 60 84 91 108 124 20

0.0005 I I I 24 20 45 59 82 88 102 122 18
IV 32 21 48 64 89 100 ll4 126 15

V 22 21 47 64 88 100 114 127 16
Means 20 20 46 61 85 94 109 124 18

I n h i b i t i o n  o r
S t im u la t io n  a s +5 +5 N i l +3 “5 -1 N i l
% o f  c o n t r o l

I 58 24 49 68 83 98 108 124 50
I I 78 18 39 6o 79 92 106 124 4o

0.001 I I I 50 22 48 68 80 92 106 123 48
IV 50 21 48 67 80 93 106 123 44

V 50 22 49 70 85 100 111 128 39

Means 57 21 47 67 81 95 107 124 44

I n h i b i t i o n  o r
S t im u la t io n  a s +11 +7 +10 -2 -4 “3 N i l

% o f  c o n t r o l

I 99 20 45 58 83 98 114 126 62
II 89 20 44 58 82 97 112 125 80

0.005 I I I 108 21 45 62 85 100 116 129 90
IV 95 21 47 64 86 103 116 130 65
V 85 20 43 58 85 98 ll4 126 30

Means 95 20 45 6o 84 99 114 127 65

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+5 +2 +1 N i l  +4 +2



T ab le  93 Record o f  grow th o f  Mucor h ie m a lis  in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  e th a n o l

I 8 l

E th a n o l  
(m l l i q / l . a i r )  

u se d
A ssem b ly

No

1 s t  d ay  GLC 
peak  h e ig h t  
(mm)
E th a n o l 1

D a ily

2

o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

3 4 5 6 7

7t h  day GLC 
p eak  h e ig h t  
(mm)
E th a n o l

I 1 18 60 82 98 1 1 0 125 420
N i l I I 1 19 h5 62 84 10 0 11 0 125 425

(C o n tr o l ) I I I 1 20 61 84 99 1 0 9 124 422
IV 1 19 h6 62 84 1 0 0 110 125 325

V 2 20 k3 60 81 98 109 12 3 426

Means 1 19 61 83 99 1 1 0 124 4 o4

I 80 21 48 61 82 1 0 0 109 123 550
I I 76 21 1+9 64 85 1 0 5 110 129 560

0 .0 3 I I I 52 17 44 58 82 104 11 0 13 0 500
IV 65 19 48 59 80 100 108 1 2 0 508

V 70 20 48 62 84 104 10 9 120 500

Means 69 20 47 61 83 103 109 124 524

I n h i b i t i o n  o r
S t im u la t io n  a s +5 +7 N i l N i l +4 - 1 N i l
% o f  c o n t r o l

I 285 20 48 63 83 1 0 0 112 123 399
I I 260 20 50 65 85 102 115 126 500

0 .1 I I I 200 17 43 62 83 99 112 12 3 44o
IV 298 19 44 62 83 10 0 l l 4 125 550

V 290 19 44 62 83 99 114 125 4 l 0

Means 291 19 46 63 63 1 0 0 113 124 459
S t i m u la t io n  a s  
% o f  c o n t r o l N il +5 +3 N il +1 +3 N i l

I 572 18 4o 58 80 95 102 120 480
I I 580 18 41 59 81 95 104 120 485

0 . 3 I I I 500 15 38 46 75 89 99 115 480
IV 420 20 43 59 82 96 105 121 480

V _ .574 _ 19 4o 58 80 94 102 118 400
Means 529 18 4o 56 80 94 102 119 465

I n h i b i t i o n  a s
% o f  c o n t r o l -5 -9 -8 -4 -5 -7 -4

I 1110 17 38 54 76 87 97 113 1200
I I 890 18 4o 55 78 88 99 115 1000

1 .0 I I I 1000 16 36 50 75 85 95 110 1100
IV 900 18 39 54 77 86 97 114 980

V 1009 16 37 50 74 83 95 109 1100
Means 982 17 38 53 76 86 97 112 1076

I n h i b i t i o n  a s
% o f  c o n t r o l -11 ~l4 - l4 -8 “13 -12 -10
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T ab le 9T R ecord o f  gro'vrth o f  Mucor h ie m a lis  in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n tic  carbon d io x id e

CO,
{VO?. / v o l . )  A ss em bly  

u s e d  N o.

D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r  
(mm)

1 2 3 4 5 6 1

GLC p ea k  h e ig h t  
(mm) CO

0 2 4 6

I 22 45 68 85 105 121 134 0 0 1 2
I I 20 45 70 86 106 122 133 0 0 11 2

N orm al a i r I I I 22 46 68 85 105 121 133 0 0 1 2
( C o n tr o l) IV 22 45 68 85 105 121 133 0 0 1 2

V 21 46 70 .87 106 122 135 0 0 2 0

Means 21 45 69 86 105 121 134 0 0 1 2

I 18 38 56 75 95 108 l l 4 18 18 22 20
I I 18 37 55 75 95 108 l l 4 18 18 20 20

10 I I I 1 8 38 58 76 95 109 114 18 18 20 20
IV 20 38 58 --.. 76 95 109 116 17 16 19 19

V 20 38 59 78 96 109 116 18 16 19 18

Means 19 38 57 76 95 109 115 18 17 20 19

I n h i b i t i o n  a s  
% o f  c o n t r o l - 1 0 - 1 6 - 1 7 -1 2 - 1 0 - 1 0 - l 4

I 15 30 44 55 70 83 94 28 29 30 31
I I 1 5 28 45 57 70 83 94 28 29 30 31

20 I I I i 4 26 42 54 66 80 92 28 29 30 31
IV 15 30 48 59 71 85 97 28 29 29 29

V 14 30 48 59 71 84 95 28 29 29 30

Means 15 29 45 57 70 83 94 28 29 30 30

I n h i b i t i o n  a s  
% o f  c o n t r o l - 2 9 - 3 6 -3 4 -3 4 -3 3 -3 2 -3 0

I 9 22 32 42 50 60 68 48 48 49 51
I I 1 0 22 32 42 50 60 68 48 48 48 50

30 I I I 10 22 32 44 53 63 70 48 50 49 51
IV 10 22 31 4 l 48 59 68 48 48 49 50

V 10 22 33 43 50 60 69 48 48 49 50

Means 10 22 32 42 50 60 69 48 49 49 50

I n h ib i t io n  as
% o f  c o n t r o l - 5 2  - 5 1  - 5 1  - 5 2  - 5 0  -4 9
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T a b le  9U R ecord  o f  g row th  o f  c o l o n i e s  o f  F usarium  oxysporutn
i n  t e s t  a s s e m b l ie s  m easu red  e v e r y  d ay  f o r  7 d ays a f t e r  
i n o c u l a t i o n  and e n c lo s in g  w ith  known c o n c e n t r a t io n s  o f  
a u t h e n t ic  e t h y le n e

(m l / I . a i r )  
u s e d

A ssem b ly
No

1 s t  day^GLC 
p eak  h e ig h t  

(mm)

r ------ . ............................................... ..................... .
D a i ly  o b s e r v a t io n  o f  c o lo n y  d ia m e te r  (mm)

1 2 3 4 5 6 7

Ni l I 15 12 25 30 50 62 72 83
( C o n tr o l ) II 6 1 0 23 30 50 60 70 80

III 5 11 25 30 48 58 70 82

Means 9 11 24 30 49 60 71 82

I 115 12 24 30 50 60 71 84
0 .0 0 1 II 88 11 25 31 53 63 71 84

III 80 12 25 32 49 62 72 8 3

Means 94 12 25 31 51 62 71 84

S t im u la t io n  as  
% o f  c o n t r o l +9 +4 +3 +4 +3 N i l +2

I 390 12 25 31 52 62 72 83
0.01 II 376 10 22 30 50 59 70 81

III 4o4 13 24 30 50 61 70 82

Means 390 12 24 30 51 61 71 82

S t im u la t io n  a s  
% o f  c o n t r o l +9 N i l  N i l  +4 N i l  N i l

0 .1
I

II
III

3480
3400
3500

13
13
13

24
24
23

30
30
32

50
51
52

61  
60
62

71
70
71

82
81
84

Means 3460 13 24 31 51 61 71 82

S t im u la t io n  a s  
% o f  c o n t r o l +18 N i l +3 +4 +2 N i l N i l

I 37400 12 23 29 49 61 71 83
1 .0 II 39200 12 24 31 50 60 72 82

III 36600 10 23 30 49 62 72 83

Means 37733 11 23 30 49 61 72 83

I n h i b i t i o n  o r  
S t im u la t io n  as  
% o f  c o n t r o l

N i l  “4 N il  N i l  +2 +1 +1

^ A tten u a tio n  u sed  was 50 x  1.
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T ab le 9V R ecord o f  grow th o f  Fusari-um oxysporuin in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  a c e t a ld eh yd e

Acetaldehyde 
(ml liq/1.air) 
used

Assembly
No

1st day GLC 
Reak height 
(mm)
Ac etaldehyde

Daily observation 
diameter (mm)

1 2 3 U

of colony

5 6 7

7th day GLC 
peak height 
(mm)
Ac etaldehyde

I 5 12 2U 32 U2 59 TO 81 30
II 2 12 25 33 U5 60 72 82 35

N i l III 3 11 23 32 U3 60 72 82 36
(Control) IV U 12 2U 33 U5 62 73 8U 32

V 5 11 25 33 U5 63 73 8U 32
Means U 12 2U 33 UU 61 72 83 33

I 25 lU 26 32 UU 61 70 83 35
II 2U lU 28 33 U6 6U 7U 8U 36

0 .0005 III 22 ■15 28 33 U5 6U 75 8U 30
IV 20 10 25 31 Uo 62 70 82 Uo

V 36 12 25 30 Uo 63 72 82 U2
Means 25 13 26 32 U3 63 72 83 3 7___Inhibition or

Stimulation as 4-8 +8 “3 -2 4-3 N i l Nil
% of control

I 65 12 23 3U U5 62 73 83 35
I I Uo 12 2U 35 U5 62 73 83 Uo

0.001 I I I U5 12 25 3U UU 60 72 83 35
IV Uo 13 26 36 U6 62 73 8U 30

V 55 13 26 36 U5 62 73 8U 35
Means 51 12 25 35 U5 62 73 83 35

S t im u la t io n  a s
N i l +I4____+6____4̂ ____+ 2  4-1 N i l

I 18U 13 2U 3U U5 60 70 80 128
I I 180 12 23 33 U5 60 71 82 126

0 .0 0 5 I I I 170 12 2U 3U U7 62 73 8U 132
IV 165 12 22 35 U8 62 73 8U 136

V 175 12 2U 35 U8 62 73 8U 132

Means 175 12 23 3U U7 61 72 83 131
I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

N i l 4-3 4-7 N i l  N i l  N i l

I 250 10 23 30 39 60 70 79 110
I I 280 6 20 27 36 57 66 78 130

0.01 I I I 290 6 20 27 36 57 66 78 120
IV 260 9 22 29 38 60 69 79 120

V 250 10 23 30 38 60 69 79 100
Means 266 8 22 29 37 59 68 79 116

I n h i b i t i o n  a s -33 —12  —16  —3 -6  “ 5

I 1000 5 5 6 7 22 38 50 800
I I 990 5 5 6 7 23 Uo 50 800

0 .0 5 I I I 900 5 6 7 8 25 Ul 50 Boo
IV 850 5 7 9 15 29 UU 51 660

V 900 5 5 5 8 22 38 U8 600

Means 928 5 6 7 9 2U Uo 50 732
I n h ib i t io n  as
% o f  c o n t r o l “ 58 -7 5  -7 9  -8 0  -6 1  -Uo
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T ab le 9N" R ecord o f  growth o f  Fusari-um oxysporum  in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  a ce to n e

Acetone 1st day GLC | 7th day GLC
(ml liq/1.air) Assembly peak height Daily observation of colony peak height

used No. (mm) diameter (mm) (mm)
Acetone ' 1 2 3 U 5 6 7 Ac etone

I 1 8 27 38 U8 58 69 80 5
Nil I I 1 9 31 Ul U9 60 70 82 3

(Control) I I I 1 11 32 U2 50 6l 72 82 2
IV 1 10 32 U2 50 60 71 82 2

V 1 10 29 Uo U9 59 TO 80 2
Means 1 10 30 Ul U9 6o 70 81 3

I 20 6 26 Uo U8 60 69 80 22
I I 20 11 36 UU U9 60 70 80 28

0.0005 I I I U8 10 36 U2 Uo 60 68 80 28
IV 36 9 32 Ul U6 58 67 78 30

V 22 9 32 U2 50 59 67 80 30
Means 25 9 32 U2 U8 59 68 80 28

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

-10 +7 +2 -2  -2 -1

I 52 lU 33 UU 50 60 70 80 Uo
I I 58 8 30 U3 U9 60 70 79 Ul

0 .001 I I I 53 8 31 U3 50 6o 69 80 U8
IV U2 13 3U UU 52 63 73 82 Uo

V U6 12 35 U5 52 63 72 80 39

Means 50 11 33 UU 51 61 71 80 U2
I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+ 1 0  +10 +7 +U +^ +1 “1

I 182 10 32 . UU 52 62 72 80 130
I I 200 10 30 UU 52 6 l 72 80 130

0 .005 I I I 190 11 32 UU 52 62 72 81 120
IV 200 9 30 Uo 50 59 70 80 lUo

V 190 10 31 U5 5U 63 72 80 150

Means 192 10 31 U3 52 61 72 80 13U

S t im u la t io n  as
% o f  c o n t r o l

N i l  +3 +5 +6 +2 + 3  -1



186

T able gX Record o f  growth o f  Fusarium  oxysporum in  t e s t
a s se m b lie s  w ith  kno^m c o n c e n tr a t io n s  o f
a u th e n t ic  e th a n o l

E th a n o l 1 s t  d ay GLC 7t h  day GLC
(m l l i q / l . a i r ) A ssem b ly  ; p eak  h e ig h t D a i ly  o b s e r v a t io n  o f  c o lo n y p eak  h e ig h t

u se d No I (mm) d ia m e te r  (mm) (mm)
E th a n o l 1 2 3 k 5 6 7 E th a n o l

I 2 8 27 38 k8 58 69 80 256
N i l I Î 3 9 31 k l k9 60 70 82 260

(C o n tr o l ) I I I 3 11 32 h2 50 61 72 82 258
IV 2 10 32 h2 50 60 71 82 261

V 1 10 29 ko k9 59 70 80 250

Means 2 10 30 k l k9 60 70 81 257

I 80 6 30 ko 51 60 70 80 320
I I 80 12 38 k8 56 62 7k 82 k50

0 .0 3 I I I 78 8 29 k l 53 60 70 81 k20
IV 60 9 3h kk 53 62 70 81 kkO

V 62 9 3h kk 53 61 7k 81 k30

Means 72 9 33 k3 53 61 72 81 k l2
I n h i b i t i o n  o r
S t im u la t io n  a s “10 +10 +5 +8 + p +3 N i l
% o f  c o n t r o l

I 280 1 0 30 39 52 63 72 79 270
I I 290 10 32 ko 52 63 72 80 2k 0

0 .1 I I I 300 9 32 k2 53 6k 7k 80 2k 5
IV 300 8 29 39 51 62 73 80 260

V 280 9 30 ko 52 62 72 79 225

Means 290 9 31 ko 52 63 73 80 2k 8
I n h i b i t i o n  o r  
S t im u la t io n  a s —10 +3 “2 +6 +5 +)+ —1

I 661 9 26 36 k5 56 66 75 3kO
I I 550 8 26 36 k5 56 66 75 350

0 .3 I I I 590 9 30 ko k8 58 67 77 3k2
IV 5k 5 8 28 38 k6 56 65 7k 350

V 560 9 30 ko k9 58 68 77 350

Means 581 9 28 38 k7 57 66 76 3k6

I n h i b i t i o n  a s -10 "7 -7 “k -5 "6 -6  ■
% of  c o n t r o l

I 900 8 22 30 k2 52 62 70 995
I I 1000 7 22 30 ko 50 60 69 900

1 .0 0 I I I 950 8 2k 32 k2 52 62 70 900
IV 1100 5 22 30 ko 50 60 69 998

V 880 9 27 3k kk 53 63 70 999................

Means 966 7 23 31 k2 51 61 70 958

I n h ib i t io n  as
% o f  c o n tr o l —30  "23 ~2h —lU —15  "13 —1^
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T a b le  9Y Record o f  growth o f  F u sariim  oxysporvun in  t e s t
a s se m b lie s  w ith  known c o n c e n tr a t io n s  o f
a u th e n t ic  carbon  d io x id e

! D a i ly  o b s e r v a t io n o f  c o lo n y GLC p ea k h e ig h t (mm)
( v o l . / v o l . ) A ssem b ly  1 d ia m e te r (mm) CO)
u se d No. 1 2 3 k 5 6 7 0 2 U 6

I 12 25 35 h i 6o 72 82 0 0 2 2
Norm al a i r I I 10 23 35 ^7 6o 72 81 0 0 1 1

(C o n tr o l ) I I I 10 23 35 U6 60 72 81 0 0 1 2
IV 9 21 32 hh 59 70 80 0 0 1 2

V 10 22 3^ hh 59 70 80 0 0 2 2
Means 10 23 3h h6 60 71 81 0 0 1 2

I 11 22 33 h3 56 67 77 15 15 22 19
I I 10 20 32 h2 56 67 75 15 16 2U 20

10 I I I 10 20 32 h3 56 67 77 16 18 25 21
IV 9 19 31 h2 56 67 75 16 15 20 21

V 9 18 30 Ul 55 66 75 16 15 20 21

Means 10 20 32 U2 56 67 76 16 16 22 20
I n h i b i t i o n  a s
% o f  c o n t r o l N i l -13 -6 -9 -7 -6 -6

I 8 19 28 36 U8 58 66 25 28 30 30
I I 10 18 27 37 U8 57 67 2U 30 29 30

20 I I I 11 20 28 37 U8 58 66 25 26 26 30
IV 8 19 28 39 h9 59 67 20 30 30 30

V 8 20 28 39 hr 58 66 22 30 30 30
Means 9 19 28 38 U8 58 66 23 29 29 30

I n h i b i t i o n  a s
% o f  c o n t r o l "10 -17 -1 8 -17 -20 -19 -1 9

I 6 15 25 3U Uo 51 59 U7 50 U9 51
I I 9 18 26  ■ 3U Ul 52 59 U8 50 50 51

30 I I I 7 15 25 3U Uo 50 57 U8 50 50 51
IV T 15 25 33 Ul 50 57 U8 50 50 50

V 7 17 26 33 Ul 51 58 U8 50 50 51
Means 7 l6 25 3U Ul 51 58 U8 50 50 51

I n h i b i t i o n  a s
% o f  c o n t r o l -30 -30 -2 6 -2 6 -32 -28 -2 8
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T a b le  ^OA R ecord  o f  grow th  o f  Pyronem a d om esticu m  c o l o n i e s
p a ir e d  w ith  7“ d a y ~ o ld  c u l t u r e s  o f  T r ich od erm a  v i r i d e  1 
and T .lo n g ib r a n c h ia tu m  WBC U576

T reatm en t As

t

5 em bly

2nd d ay  GLC 
h e ig h t  (mm) 
A c e t -

p eak
D a i ly  o b s e r v a t io n  

d ia m e te r  (mm)
o f  c o lo n y 7t h  day GLC p eak  

h e ig h t  (mm)
A c e t -

a ld . Ac e t . E th . COg 1 2 3 U* 5 6 7 a l d . Ac e t E th • COg

p a ir e d  w ith I 2 3 8 2 32 1 6 0 220 230 230 2 3 0 230 5 2 3 36
u n in o c u la te d I I 2 2 U 2 31 1 7 0 220 230 230 230 230 2 2 3 35
2% m a lt  a g a r I I I 3 2 2 3 32 1 8 0 230 230 230 230 230 3 2 U 35
( c o n t r o l ) IV 3 2 2 3 33 190 230 230 230 230 230 2 2 2 35

V 2 2 2 2 32 158 210 230 230 230 230 3 3 3 35

Means 2 2 U 2 32 1 7 2 222 230 230 230 230 3 3 3 35

p a ir e d  w ith I 25 2 IU5 36 5 5 20 70 80 85 90 15 5 89 39
T .v i r i d e  1 I I 5 12 38 30 5 12 U9 70 78 85 90 lU 23 1 0 0 31

I I I 12 5 169 30 5 15 U2 72 81 88 92 18 5 lU o 32
IV 15 2 190 36 5 6 38 66 7 0 78 89 1 0 U 95 3U

V 10 5 69 32 5 8 U9 65 70 78 89 20 7 89 32

Means 13 5 122 ,3 3 5 9 39 69 76 83 90 15 8 1 0 3 3U

I n h i b i t i o n  a s  
% o f  c o n t r o l -8U “ 95 - 8 3 -7 0 -6 7 —6U - 6 1

p a ir e d  w ith  
T . lo n g ib r a n 
c h ia tu m  
WBCU576

I 5 3 128 27 18 92 128 160 180 200 210 U 2 5U 38
I I • 7 13 88 21 19 92 12 0 156 1 8 0 198 210 2 2 60 37

I I I ' 20 3 U6 20 20 100 123 165 190 210 230 7 U 65 38
IV 11 23 29 22 18 98 12 0 165 18 0 210 230 2 2 50 38

V 6 U 39 29 15 90 120 155 1 8 0 198 210 2 2 65 38

Means 10 9 65 2k 18 9U 123 1 6 0 18U 203 218 3 2 59 38

I n h i b i t i o n  a s  
% o f  c o n t r o l -UU -U 5 -U 5 -3 0 - 2 0 - 1 2 - 5

*A gar s p r f a c e  c o m p le t e ly  c o v e r e d  w it h  m yceliu m  in  c o n t r o l l e d  a s s e m b l ie s
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T ab le  lOB Record o f  grow th o f  Pythium  ultim um  c o lo n ie s
p a ir e d  w ith  7- d a y - o ld  c u l t u r e s  o f  T r ich o d erm a  v i r i d e  1 
and T . lo n g ib r a n c h ia tu m  WBC U576

T rea tm en t A ssem b ly  
No.

2nd d ay  GLC p ea k  
h e ig h t  (mm)

A c e t -
a ld .  A ce t . E th . COg

D a i ly  o b s e r v a t io n  o f  c o lo n y  
d ia m e te r  (mm)

1 2 3 U 5 6 7

7t h  d ay  GLC p eak  
h e ig h t  (mm) 

A c e t -
a l d .  A ce t . Eth.C O

p a ir e d  w ith I 2 1 2 2 35 88 138 1 8 0 1 9 5 205 2 1 0 2 2 2 35
u n in o c u la t e d II 2 2 2 2 32 90 ll+O 18 0 19 6 209 215 2 2 2 35
2% m a lt  a g a r III 1 2 1 2 38 89 li+o 186 197 220 230 2 2 2 35
(C o n tr o l) IV 2 1 1 1 32 92 13 5 1 8 2 1 9 9 220 220 2 2 2 31+

V 2 3 1 2 31+ 85 1 3 0 1 8 0 19 0 210 220 2 2 2 31+

Means 2 2 1 2 3I+ 89 137 182 195 213 219 2 2 2 31+

p a ir e d  w ith I 2 3 I3U 38 22 52 82 99 105 1 1 0 1 1 6 6 3 90 1+0
T.v i r i d e  1 II 2 5 U2 28 22 61+ 92 98 10 5 111 113 7 3 130 38

III 3 1 2 25 29 22 62 90 95 1 0 2 109 113 6 3 1 1 8 1+0
IV 23 13 250 29 15 55 90 87 9I+ 98 10)+ 15 3 1 3 8 39
V h2 U2 35 2 9 21+ 65 91 99 1 0 6 109 l lU •15 1+ I3U 1+0

Means Ih 15 98 31 21 60 89 96 10 2 107 112 10 3 1 2 2 39

I n h i b i t i o n  a s
% o f  c o n t r o l -3 9 -3 3 -3 5 -1+8 -1+8 - 1+9 - 1+9

p a ir e d  w it h I 22 3 ih 2I+ 26 66 105 1 3 0 15 5 1 7 0 195 2 2 1 2 36
T.lo n g ib r a n  II 12 2 83 2I+ 25 65 105 130 15U 171 195 2 2 35 36
ch ia tu m I I I 12 h2 20 25 2k 61+ 103 13 8 1 5 0 178 I9I+ 2 2 1+0 35
WBC U576 IV 12 33 80 29 25 65 1 0 0 135 1 5 0 178 19U 2 2 30 36

V 18 k 27 2I+ 25 65 105 132 1 5 6 1 7 3 1 9 6 6 5 15 38

Means 15 17 1+5 25 25 65 IOI+ 13 3 15 3 I7I+ 195 3 2 26 36

I n h i b i t i o n  as  
o f  c o n t r o l -2 7  -2 7  -2U  -2 7  - 2 2  -1 8  -1 1
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T ab le 100 Record o f  growth o f  Fomes annosus c o lo n ie s  p a ir e d
w ith  7 - d a y -o ld  c u lt u r e s  o f  T richoderm a v i r id e  1
and T .lo n g ib r a n c h ia tu m  WBC U576

T reatm en t As sem b ly  
N o.

2nd day GLC 
h e ig h t  (mm) 

A ce t -  A ce t .

p ea k

E th . CO,

D a i ly  o b s e r v a t io n  o f  
d ia m e te r  (mm)

c o lo n y 7 t h  day GLC p eak  
h e ig h t  (mm)
A ce t -  A c e t .E t h .C 0 _

a id . 1 2 3 U 5 6 7 a id .

p a ir e d  w ith I 1 1 1 1 5 5 6 12 2h 28 3U 1 1 1 9
u n in o c u la t e d II 2 1 1 2 5 6 6 lU 2h 28 3U 1 1 1 9
2% m a lt  a g a r III 1 2 1 1 5 6 7 16 25 30 35 1 1 1 11
(C o n tr o l) IV 1 1 1 2 5 8 9 a 8 26 30 36 1 1 2 10

V 1 1 1 2 5 8 9 18 26 30 36 1 1 1 12

Means 1 1 1 2 5 7 7 16 25 29 35 1 1 1 10

p a ir e d  w ith I 52 3 80 38 5 5 6 10 15 20 25 6 3 13 0 39
T .v i r i d e  1 II 25 15 1U8 29 5 5 5 11 15 20 25 20 15 130 26

III 16 3 38 29 5 5 7 12 16 20 26 25 U 110 37
IV 8 23 36 38 5 5 5 12 16 22 26 6 5 133 39
V 6 U 138 29 5 5 5 11 15 20 25 6 5 113 36

Means 21 6 88 33 5 5 6 11 15 20 25 13 6 1 2 3 37

I n h i b i t i o n  a s  
% o f  c o n t r o l N i l -2 9 - i h “ 31 -Uo - 3 1 -2 9

p a ir e d  w ith I 20 3 15 2h 5 6 7 12 20 28 3>4 2 2 28 30
T.lo n g ib r a n  II 21 2 13 25 5 6 6 10 20 26 3U U" 2 33 30
ch ia tu m III 2 2 ho 23 5 5 7 12 20 27 33 2 3 55 32
WBC U576 IV 5 3 65 23 5 6 8 13 21 28 35 3 2 U5 32

V 5 3 15 28 5 6 6 12 20 27 33 2 2 66 32

Means 10 3 30 25 5 6 7 12 20 27 3U 3 2 U5 31

I n h i b i t i o n  a s  
% o f  c o n t r o l N i l - l U N i l - 2 5 - 2 0 -7 - 3
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T ab le  lOD R ecord o f  grow th o f  Mucor h ie m a lis  c o lo n ie s  p a ir e d
w ith  7 -d a y -o ld  c u lt u r e s  o f  T richoderm a v i r id e  1
and T . lo n g ib ra n ch ia tu m  WBC U57Ô

T rea tm en t As s em bly  
No.

2nd day GLC p ea k  
h e ig h t  (mm)
A ce t -  Ac e t . E th . 
a i d .

CO^

D a i ly  o b se r v a i  
d ia m e te r  

1  2 3 U

, io n  o f  c o lo n y  
mm)

5 6 7

7t h  day GLC p ea k  
h e ig h t  (mm)
A ce t -A c e t .E th .C O , 
a i d .

p a ir e d  w ith I 1 2 3 3 22 U2 69 86 106 1 1 6 1 2 6 28 5 U80 Uo
u n in o c u la t e d I I 2 3 3 U 20 Ul 68 85 103 116 128 30 6 U60 Uo
2% m a lt a g a r I I I 3 1 2 3 20 Uo 68 85 102 115 1 3 0 25 10 U8O Ul
(C o n tr o l) IV U 2 3 3 22 U2 69 86 1 0 6 116 128 2U 6 U25 Uo

V 2 2 U 3 23 U3 71 88 108 1 2 0 13 0 18 5 UUo Uo

Means 2 2 3 3 21 U2 69 86 105 117 128 25 6 U57 Uo

p a ir e d  w it h I 4 0 1+2 50 31 18 3U 58 69 72 77 8U 20 10 320 Ul
T .v i r i d e  1 I I 13 22 65 39 18 33 59 69 72 78 85 1 0 10 332 39

I I I 9 0 lU 55 3U 18 35 60 70 7U 79 85 10 10 336 Uo
IV 20 lU 265 36 18 33 58 69 72 77 83 10 10 320 39

V 13 lU 150 30 19 38 60 69 76 80 87 2U 5 3U0 UU

Means 35 21 117 3U 18 35 59 69 73 78 85 15 9 330 Ul

I n h i b i t i o n  a s
% o f  c o n t r o l -1 5 -1 7 “15 -20 -3 0 -3 3 -3U

I 18 12 20 23
" ' 

19 39 6U 75 88 11 0 118 2 2 3 2 0 ho
I I 2 22 30 2U 20 36 62 75 90 113 119 2 2 303 36j. • x o n ^ i0x 3,11

c h i  atum I I I 21 11 20 28 19 33 60 7U 89 1 1 0 118 9 2 263 39
IV 2 12 U l 2U 18 39 62 7U 89 111 1 2 0 U 2 3U0 36

V 12 11 12 0 25 20 39 63 75 90 113 120 2 2 300 36

Means 8 lU U6 25 19 37 62 75 89 1 1 1 119 U 2 301 37

I n h i b i t i o n  a s  
% o f  c o n t r o l - 1 0 -1 2 - 1 0 -1 3 - 1 5 -U -7
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T ab le  lOE R ecord o f  grovrth o f  Fusarium  oxysporum c o lo n ie s
p a ir e d  w ith  7 “d a y -o ld  c u lt u r e s  o f  Trichoderm a v i r id e  1
and T. lo n g ib ra n ch ia tu m  WBC U576

2nd d ay  GLC p eak  
T rea tm en t A ssem b ly  h e ig h t  (mm)

N o. A ce t -A c e t .  E th . CO, 
a id .

D a i ly  o b s e r v a t io n  o f  c o lo n y i p ea k
h e ig h t  (mm)

Ac e t -A c e t . E t h . CO
1  2 3 U 5 6 7 a id .

d ia m e te r  (mm)

p a ir e d  w ith I 2 2 1 3 10 22 1+0 50 60 70 82 28 3 1 7 0 30
u n in o c u la t e d I I 1 2 2 3 9 20 39 1+8 59 68 80 30 3 1 8 0 30
2 % m a lt  a g a r I I I 3 2 1 1+ 11 23 1+1 51 60 70 83 28 3 1 6 0 31
(C o n tr o l) IV 2 2 1 3 1 0 22. 1+0 50 60 70 82 25 1+ 17 5 30

V 1 1 2 2 1 0 22 1+0 50 60 70 82 30 3 175 3 1

Means 2 - 2 1 3 1 0 22 1+0 50 60 70 82 28 3 172 30

I 10 1 2 h3 30 10 20 35 U5 53 59 7 0 1I+ 5 1+1+0 32
I I 19 23 h5 29 11 23 35 1+6 53 60 72 20 6 1+60 31+

J ,  •  V -L  J r X  C I G  X
I I I 10 6 h 75 30 8 19 32 1+2 52 60 71 20 5 1+20 39

IV 12 13 160 3h 8 19 32 1+2 51 59 70 12 6 320 33
V 112 1 3 270 36 8 18 30 1+2 51 59 70 12 6 3I+0 33

Means 33 25 1 1 9 32 9 20 33 1+3 52 59 71 16 6 396 3I4

I n h i b i t i o n  a s
% o f  c o n t r o l - 1 0 “ 9 -17 -1 3 -1 3 -1 5 -1 3

I 11 Ih 23 23 1 0 20 38 h9 59 66 73 1 0 2 17 7 36
p a ir e d  w ith I I 12 U5 27 22 11 22 1+0 50 60 66 73 2 2 2 5 0 38
T . lo n g ib r a n  I I I 9 23 1+6 22 10 20 1+0 1+9 58 66 73 3 2 250 35
ch ia tu m IV 10 13 28 29 9 20 38 50 58 65 75 3 2 1 6 0 36
WBC U576 V 26 lU 81+ 29 9 20 1+0 50 58 65 75 2 2 1 7 5 35

Means lU 22 1+1 25 10 20 39 U9 59 66 Ih 1+ 2 20 2 36

2

I n h i b i t i o n  a s  
% o f  c o n t r o l N i l " 9 —2 -2  —2 “6 —10
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T a b le  11 . R eco rd  o f  g ro w th  o f  R h ia o c to n ia  s o l a n i  c o l o n i e s
p a ir e d  w ith  7 - d a y - o ld  c u l t u r e s  o f  T r ich o d erm a  v i r i d e  l U , 
T .p o ly sp o r u m  2 ( a c t i v e ) ,  T . p s e u d o k o n in g i i  A /196- 1 ,
T .p o lv sn o r u m  7U ( l e a s t  a c t i v e ) .

12ndheie
day GLC peak 
;ht (mm) Daily observation of colony j 7thheig

day GLC peak ht f mm)Treatment As 3embly Ac et-Ac et.I]th. CO, di amet er (mm) Ac et-Ac et Êth. CO
No. aid. 1 2 3 U 5 6 7 aid. 2

paired with I 1 1 1 1 15 38 61 93 112 128 lUo 3 10 10 30
uhinoculated II 1 1 2 1 16 Uo 62 ■ 96 115 129 1 U2 2 2 5 26
2 % malt agar III 1 1 1 1 16 39 60 93 llU 130 lUU 2 2 5 25(Control) IV 1 2 1 1 18 Uo 61 9U 115 130 1 U3 1 2 6 25

V 1 1 2 1 20 U2 6U 96 llU 129 lUl 2 5 6 2U

Means 1 1 1 1 17 Uo 62 9U llU 129 1U2 2 U 6 26

paired with 
T.viride lU

I 22 12 100 39 9 20 35 U2 50 60 62 13 7 53 35
I I 31 59 105 36 10 20 38 U9 60 70 75 10 20 50 33

I I I 12 12 250 35 11 2U 39 51 60 71 75 15 15 169 ■ 39
IV 32 69 98 35 11 22 38 U7 57 69 72 33 13 85 36

V 52 lU 120 36 10 19 3U U5 56 69 72 63 12 U8 36
Means 30 33 135 36 10 21 37 U7 57 68 71 27 13 81 37

Inhibition as 
% of control -Ul -U8 -Uo -50 -50 -U7 -50

paired with I 12 15 120 28 12 26 3U 50 59 6U 68 3 10 51 3U
T.polysporum 2 I I 15 35 2U5 33 9 2U 31 U6 55 61 67 2 11 1U5 3U

I I I 66 16 92 36 8 20 29 U8 55 60 66 3 15 120 38
IV 27 17 120 39 10 20 30 50 60 66 72 2 6 Uo 33

V 22 12 100 30 10 2U 31 5U 65 69 75 5 6 7U 35
Means 28 19 135 33 10 23 31 50 59 6U 70 3 10 86 35

Inhibition as 
% of control -Ul -Us -50 -U7 -U8 -50 -51

paired with I 12 13 .'20 30 17 32 U2 58 65 68 70 1 7 18 32
T.ps eudov I I 12 16 20 30 18 3U UU 6U 80 90 98 1 3 15 31
koningii I I I Uo 55 25 30 19 3U U2 63 75 77 80 2 5 20 31
A/196-1 IV 9 9 98 32 15 29 U2 59 67 7U 80 3 3 Uo 31

V 5 _ _  _ 9 22 31 15 29 U5 65 68 75 82 2 3 12 30
Means 16 20 Ul 31 17 32 Us 62 71 77 82 2 U 21 31

Inhibition as 
% of control Nil -20 -31 -3U -38 -Uo -U2

paired with I 5 5 5 25 18 32 Uo 5U 68 80 90 1 1 2 30
T.polysporum 7U I I 3 61 25 2U 18 30 39 5U 70 89 98 1 3 3 29

I I I 1 39 3 2U 18 Uo U9 68 78 92 100 1 5 5 32
IV 1 3 33 27 16 30 38 ■ 5U 75 90 100 1 1 1 33

V 1 5 U 27 15 30 38 5̂ 75 90 100 1 .1 2 32
Means 2 23 lU 25 17 32 Ul 57 73 88 98 1 2 3 31

Inhibition as 
% of control Nil -20 -3U -39 -36 -32 -31
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APPENDIX TABLES 13 •

T e s t  o f  e f f e c t s  o f  g a s e s  f rom  c u l t u r e s  o f  T r ic h o d e rm a  v i r i d e  1 

and  T r ic h o d e rm a  l o n g i b r a n c h i a t u m  WBC ^5T6 on t h e  m a c r o s c o p ic  g ro w th  

o f  E r w in ia  s p e c i e s  on a g a r .

( 2 ) e x p e r im e n t s  w e re  c a r r i e d  o u t .  Each  c o m p r is e d  3 p a i r e d

a s s e m b l i e s  o f  t h e  T r ic h o d e rm a  s p e c i e s  u n d e r  t e s t  w i t h  one o f  e a ch  o f  

E .a m y lo v o r a , E . a r o i d e a e , E . a t r o s e p t i c a , E . c a r o t o v o r a , E . t r a c h e i p h i l a  

and  a p p r o p r i a t e  c o n t r o l s .

T h e re  w ere  no v i s i b l e  d i f f e r e n c e s  b e tw e en  t h e  g ro w th  i n  t r e a t e d  

an d  c o n t r o l  a s s e m b l i e s  i n  any  c a s e .
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T a b le  IUa R eco rd  o f  g ro if th  o f  E r w in ia  a iiiy lovora  i n  t e s t
a s s e m b l i e s  w i t h  known c o n c e n t r a t i o n s  o f  a u t h e n t i c
a c e t a ld e h y d e

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on f r e s h  m ed ia

D a i ly  o b s e r v a t i o n  o f  
b a c t e r i a l  g ro w thc e t a ld e h y d e  

1 l i q / l . a i r )  B o t t l e  
u s e d  No.

Agar
B lo c k
No.

N i l
( C o n t r o l ) I I

I I I

I I0 .0 0 1

I I I

I I0 .0 0 5

I I I

I I0.01

I I I

0 .0 5 I I

I I I

For o t h e r  d e t a i l s  s e e  t e x t .



T ab le  i Ub R ecord o f  growth o f  E rw in ia  am ylovora in  t e s t  a s s e m b lie s  w ith
known c o n c e n tr a t io n s  o f  a u th e n tic  a c e to n e .
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A c e to n e D a i ly  o b s e r v a t io n  o f B a c t e r i a l  v i a b i l i t y
(m l l i q / l . a i r ) A gar b a c t e r i a l g row th a f t e r  r e - c u l t u r e d

u se d B o t t l e B lo c k on f r e s h  m ed ia
No. No. 1 2 3 h

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
N i l 1 3 3 3 3 3

( C o n tr o l) I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 0 1 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 , 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 1 2 2 2 3

I 2 1 2 2 2 3
3 1 2 2 2 3
1 1 2 2 2 3

0 .2 5 I I 2 1 2 2 2 3
3 1 2 2 2 3
1 1 2 2 2 3

I I I 2 1 2 2 2 3
3 1 2 2 2 3
1 0 0 0 0 3

I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 3

0 .5 I I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 3

I I I 2 0 0 0 0 3
3 0 0 0 0 3

For o th e r  d e t a i l s  s e e  t e x t .
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Ta-ble lUc R eco rd  o f  g r o i f th  o f  E r w in ia  an ty lo v o ra  i n  t e s t
a s s e m b l i e s  w i t h  known c o n c e n t r a t i o n s  o f  a u t h e n t i c
e t h a n o l

E th a n o l  
nl l i q / l . a i r )  

u s e d
B o t t l e

No

Agar
B lock
No.

D a i ly  o b s e r v a t i o n  o f  
b a c t e r i a l  g ro w th

1 2 3

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on f r e s h  m ed ia

1 . 3 3 3 3 3
. I 2 3 3 3 3 3

N i l 3 3 3 3 3 3
( C o n t r o l ) 1 3 3 3 3 3

I I 2 3 3 3 3 3 •
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 • 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 • 3
1 3 3 3 3 3

0 .0 3 I I 2 3 3 3 3 3
3 3 3 3 3 3

' 1 3 3 3 3 3
- I I I 2- 3 3 3 3 3

----------------- J 3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 . 1 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

H i 2 3 3 3 3 3
3 3 3 3 3 3
1 0 0 0 0 i 3

I 2 0 0 0 0 1 3
3 0 0 0 0 i 3
1 0 0 0 0 3

0 .3 I I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 3

I I I 2 0 0 0 0 3
3 0 0 0 0 ' 3
1 0 0 0 0 ! 2

I 2 0 0 0 0 ! 2
3 0 0 0 0 1 2
1 0 0 0 0 ! 3

0 . 6 I I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 1 2

I I I 2 0 0 0 0 1 2
3 0 0 0 0 2

F or o t h e r  d e t a i l s  s e e  t e x t .
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T a b le  i Ud R ec o rd  o f  g ro w th  o f  E r w in ia  a r o i d e a e  i n  t e s t

a s s e m b l i e s  w i t h  known c o n c e n t r a t i o n s  o f  a u t h e n t i c
a c e t a ld e h y d e

Ic e t  a ld e h y d e Agar D a i ly  o b s e r v a t i o n  o f B a c t e r i a l  v i a b i l i t y
[ml l i q / l . a i r )  B o t t l e B lo c k b a c t e r i a l g ro \r th a f t e r  r e - c u l t u r e d
u s e d  No. No. 1 2 3 k on f r e s h  m ed ia

1 . 3 3 3 3 3
I 2 3 3 3 3 3

N i l 3 3 3 3 3 3
( C o n t r o l ) 1 3 3 3 3 3

I I 2 3 3 3 3 3 .
3 3 3 3 3 3
1 3 3 3 3 3

I I I 3 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 . 3
1 3 3 3 3 3

0 .0 0 1  I I 2 3 3 3 3 3
3 3 3 3 3 3

‘ 1 3 3 3 3 3
I I I 2- 3 3 3 3 3

3 3 3 3 3 3
1 1 1 1 2 3

I 2 0 0 2 3 3
3 0 0 1 3 3
1 0 0 1 3 3

0 .0 0 5  I I 2 1 ■ 1 1 3 3
3 0 0 ■1 3 3
1 1 1 1 3 3

I I I 2 1 1 1 2 [ 3
3 0 0 1 2 3
1 1 0 0 0 2

I 2 1 0 0 0 2
3 1 0 0 0 2
1 0 0 0 0 j 2

0 .0 1  I I 2 0 0 0 0 : 2
3 0 0 0 0 2
1 0 0 0 1 : 2

I I I 2 0 0 0 0 2
3 ‘ 0 0 0 0 2

1 1 0 0 0 ! 2
I 2 1 0 0 0 2

3 0 0 0 0 2
. 1 0 0 0 0 1 1

0 .0 5  I I 2 0 0 0 0 ‘ 1
3 0 0 0 0 1
1 0 0 0 0 i 1

I I I 2 1 0 0 0 0 1
1 3 ? 0 0 0 0 : 1

F o r  o t h e r  d e t a i l s  s e e  t e x t



T ab le  i^E  R ecord o f  grow th o f  E rw in ia  a r o id e a e  in  t e s t  a s se m b lie s
w ith  known c o n c e n tr a t io n s  o f  a u th e n t ic  a c e to n e .
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* A c e to n e  
(m l l i q / l . a i r ) .

u s e d B o t t l e
No.

r ......................

A gar
B lo c k
No.

D a i ly  o b s e r v a t io n  
b a c t e r i a l  grow th

1 2 3

o f

U

• B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on f r e s h  m ed ia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

N i l I I 2 3 3 3 3 3
( C o n tr o l 3 3 3 3 3 3

1 3 3 3 3 3
I I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3

0 .0 0 1 1 3 3 3 3 3
I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 0 5 I I 2 3 3 3 3 3 •
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

1 0 .0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 2 2 2 3 3

I 2 2 2 2 3 3
3 2 2 2 2 1 3
1 2 2 2 3 3

0 .2 5 I I 2 2 2 2 2 3
3 1 2 2 3 3
1 2 2 2 3 3

I I I 2 2 2 2 3 3
3 2 2 2 2 3
1 1 0 0 0 2

I 2 1 0 0 0 3
3 1 0 0 0 3

0 .5 1 1 0 0 0 3
I I 2 1 0 0 0 3

3 1 0 0 0 3
1 1 0 0 0 3

I I I 2 0 0 0 . 0 3
1 3 0 0 0 0 3

For o th e r  d e t a i l s  s e e  t e x t .



T ab le  i UF R ecord o f  grow th o f  E rw in ia  a r o id e a e  in  t e s t  a s s e m b lie s  w ith
known c o n c e n tr a t io n s  o f  a u th e n tic  e th a n o l.
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e t h a n o l  
(n il l i q / l . a i r )  

u s e d B o t t l e
No.

A gar
B lo c k
No.

D a i ly  o b s e r v a t io n  o f  
b a c t e r i a l  grow th  
1 2 3 1+

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on  f r e s h  m ed ia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 : 3 ■ 3 3 3 3
N i l 1 3 3 3 3 3

( C o n tr o l) I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 3 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3 ,
1 2 3 3 3 3

I 2 2 3 3 3 3
3 2 3 3 3 3
1 2 3 3 3 3

0 .1 I I 2 2 2 3 3 3
3 2 2 3 3 3
1 2 3 3 3 3

I I I 2 2 3 3 3 3
3 1 3 3 3 3
1 1 1 1 2 3

I 2 1 1 1 2 3
3 1 1 1 1 3
1 1 1 1 2 3

0 .3 I I 2 1 1 1 2 3
3 1 1 1 1 3
1 1 1 1 2 3

i I I I 2 1 1 1 2 3
3 1 1 1 1 3
1 1 1 1 1 3

! I 2 1 1 1 1 3
t 3 1 0 0 0 3

1 1 1 0 0 3
0 .6 I I 2 1 0 0 0 S

3 1 0 0 0 3
1 1 0 0 0 , 3

I I I 2 1 0 0 0 3
3 1 0 0 0 3
1 1 1 1 1 3

j I 2 1 1 1 1 3
1 3 1 1 1 1 3

1 1 0 0 0 2
: 0 .9 I I 2 1 0 0 0 2

3 1 0 0 0 2
1 1 0 0 0 3

i I I I 2 0 0 0 0 2
! 3 0 0 0 0 2

For o th e r  d e t a i l s  s e e  t e x t .
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T a b le  iHG-Record o f  g ro i f th  o f  E r w in ia  a t r o s e p t i c a  i n  t e s t
a s s e m b l i e s  w i t h  known c o n c e n t r a t i o n s  o f  a u t h e n t i c  
a c e t a ld e h y d e

e t  a ld e h y d e  
Til l i q / l . a i r )  

u s e d
B o t t l e

No.

A gar
B lo c k
No.

D a i ly  o b s e r v a t i o n  
b a c t e r i a l  g ro w th  

1 2  3

o f

h

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on f r e s h  m ed ia

1 ' 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3 .

N i l I I 2 3 3 3 3 3
( C o n t r o l ) 3 3 3 3 3 3

1 3 3 3 3 3
I I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 . 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 0 1 I I 2 3 3 3 3 3
. * 3 3 3 3 3 3

1 - 3 3 3 3 3
I l l 2 3 3 3 3 3

3 3 3 3 3 3
1 1 0 0 0 3

I 2 1 0 0 0 3
3 1 0 0 0 3
1 ' 0 ' 0 0 0 3

0 .0 0 5 I I 2 0 0 0 0 3
3 i 0 0 0 0 3
1 1 0 0 0 1 3

I I I 2 1 0 0 0 1 3
3 0 0 0 0 i 3
1 0 0 0 0 j 0

I 2 0 0 0 0 0
3 0 0 0 0 1 0

.1 0 0 0 0 ! 1
0 .0 1 I I 2 1 0 0 0 0 1 X

3 0 0 0 0 1
1 0 0 0 0 0

I I I 2 0 0 0 0 0
3 0 0 0 0 1 0

1 0 0 0 0 j 0
I 2 0 0 0 0 1 0

3 0 0 0 0 j 0
1 0 0 0 0 0

0 .0 5 I I ! 2 0 0 0 0 0
3 0 0 0 0 , 0
1 0 0 0 0 0

I I I 2 0 0 0 0 0
1. 3....... 0 0 0 0 0

F o r  o t h e r  d e t a i l s  s e e  t e x t



T ab le lAlH Record o f  grow th o f  E rw in ia  a t r o s e p t ic a  in  t e s t  a s se m b lie s  w ith  2 0 U
known c o n c e n tr a t io n s  o f  a u th e n t ic  a c e to n e

A'c e t  o n e  
( m l  l i q / l . a i r )  

u s e d B o t t l e
No.

A g a r
B l o c k
No.

D a i l y  o b s e r v a t i o n  o f  
b a c t e r i a l  g r o w t h

1  2  3  h

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
o n  f r e s h  m e d ia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
N i l 1 3 3 3 3 3

( C o n t r o l I I 2 3 3 3 3 3
; 3 3 3 3 3 3
1 1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3

■ 1 3 3 3 3 3
0 . 0 0 1 I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

, III 2 3 3 3 3 3
3 3 3 3 3 3

i’ 1 3 3 3 3 3
J I 2 3 3 3 3 3
i 3 3 3 3 3 3

1 3 3 3 3 3
1 0 . 0 0 5 I I 2 3 3 3 3 3
I 3 3 3 3 3 3

1 3 3 3 3 3
1 I I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 . 0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
i 3 3 3 3 3 3

1 1 0 0 0 3
I 2 1 0 0 0 3

3 1 0 0 0 3
1 0 0 0 0 3 ‘

0 . 2 5 I I 2 0 0 0 0 3
3 0 0 0 0 3
1 1 0 0 0 3

I I I 2 1 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 2

I 2 0 0 0 0 2
3 0 0 0 0 2
1 0 0 0 0 2

0 . 5 II 2 0 0 0 0 2
3 . 0 0 0 0 2
1 0 0 0 0 2

I I I 2 0 0 0 0 2
3 0 0 0  . 0 2

For o th e r  d e t a i l s  s e e  t e x t .



Table lUl
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R ecord o f  grow th o f  E rw in ia  a t r o s e p t ic a  in  t e s t
a s s e m b lie s  w ith  known c o n c e n tr a t io n s  *of a u th e n t ic
e th a n o l

E t h a n o l A g a r D a i l y  o b s e r v a t i o n  o f B a c t e r i a l  v i a b i l i t y
( m l  l i q / l . a i r )  B o t t l e B l o c k b a c t e r i a l g r o w t h a f t e r  r e - c u l t u r e d

u s e d  No. No. 1 2 3 h o n  f r e s h  m e d i a

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

N i l  I I 2 3 3 3 3 3
( C o n t r o l ) 3 3 3 3 3 3

1 3 3 3 3 3
I I I 2 3 3 3 3 3

3 3 3 3 3 3

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

0 . 0 3  I I 2 3 3 3 3 3
.3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
1 2 2 2 3 3

0 . 1  I I 2 2 2 2 2 3
3 2 2 2 2 3
1 2 2 2 3 3

I I I 2 2 2 2 2 3
3 2 2 2 2 3

1 1 0 0 0 2
I 2 1 0 0 0 2

3 1 0 0 0 2
1 1 0 0 0 2

0 . 3  I I 2 1 0 0 0 2
3 1 0 0 0 1
1 1 0 0 0 2

. I l l 2 0 0 0 0 1
3 1 0 0 0 1
1 0 0 0 0 0

I 2 0 0 0 0 0
3 0 0 0 0 0
1 0 0 0 0 0

0 . 6  I I 2 0 0 0 0 0
3 , 0 0 0 0 0
1 0 0 0 0 0

I I I 2 0 0 0 0 0
3 0 0 0 0 0

F o r  o t h e r  d e t a i l s s e e  t e x t .
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T a b l e  l U j  R e c o r d  o f  g r o w t h  o f  E r w i n i a  e a r o t o v o r a  i n  t e s t
a s s e m b l i e s  w i t h  known c o n c e n t r a t i o n s  o f  a u t h e n t i c  
a c e t a l d e h y d e

Ace t a ld e h y d e Agar D a i ly  o b s e r v a t io n  o f B a c t e r i a l  v i a b i l i t y
(m l l i q / l . a i r ) B o t t l e B lo c k b a c t e r i a l grow th a f t e r  r e - c u l t u r e d

u s e d No. No. 1 2 3 k on f r e s h  m ed ia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3

N i l
1 3 3 3 3 3

I I 2 3 3 3 3 3
( C o n tr o l) 3 3 3 3 3 3

1 3 3 3 3 3
I I I ! 2 3 3 3 3 3

3 3 3 3 3 3
j 1 3 3 3 3 3

I 2 3 3 3 3 3
1 3 3 3 3 3 3
1 1 3 3 3 3 3

0 .0 0 1 I I 2 3 3 3 3 3
■ 3 3 3 3 3 3
1 1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 1 0 0 0 3

I i 2 1 1 1 0 3
3 0 0 0 0 3

1 1 1 0 0 0 3
0 ,0 0 5 I I 2 0 0 0 0 3

1 3 0 0 0 0 3
I 1 1 0 0 0 3

I I I 2 0 0 0 0 3
I 3 0 0 0 0 3

[ 1 0 0 0 0 3
I

3
0 0 0 0 3
0 0 0 0 3

1 0 0 0 0 3
0 .0 1 I I 2 0 0 0 0 3

3 0 0 0 0 3
1 0 0 0 0 3

I I I 2 0 0 0 0 3
3 0 0 0 0 3

1 1 0 0 0 0 1
I

:
0 0 0 0 1
0 0 0 0 1

1 1 0 0 0 0 1
0 .0 5 I I i ^ 0 0 0 0 1

1 3 0 0 0 0 1
( 1 0 0 0 0 1

I I I > 2 0 0 0 0 0
' 3 0 0 0 0 0

F o r  o t h e r  d e t a i l s  s e e  t e x t



T ab le  IHK Record o f  grow th o f  E rw in ia  ca r o to v o r a  in  t e s t  a s s e m b lie s  w ith
known c o n c e n tr a t io n s  o f  a u th e n t ic  a c e to n e .
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A c e to n e  
(m l l i q  / I . a i r )  

u s e d B o t t l e
No.

A gar D a i ly  o b s e r v a t io n  o f  
b a c t e r i a l  gro irth  

1 2 3 U

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on f r e s h  m ed ia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
N i l 1 3 3 3 3 3

( C o n tr o l) I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I  ' 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 ‘ 3 3 3

0 .0 0 1 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 ' 3 3 3
1 0 0 1 1 3

I 2 0 0 1 1 3
3 0 0 1 1 3
1 0 1 1 1 3

0 .2 5 I I 2 0 1 1 1 3
3 0 1 1 1 3
1 0 0 1 1 3

I I I 2 0 0 1 1 3
3 0 0 1 1 3
1 0 0 0 1 3

I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 1 3

0 .5 I I 2 0 0 0 1 3
3 0 0 0 0 2
1 0 0 0 1 2

I I I 2 0 0 0 0 2
3 0 0 0 0 2

For o th e r  d e t a i l s  s e e  t e x t .



T a b le IUL Record o f  grow th o f  E rw in ia  c a r o to v o ra  in  t e s t  a s se m b lie s  w ith  208
known c o n c e n tr a t io n s  o f  a u th e n tic  e th a n o l

E th an ol 
(ml l i q  / I . a i r )  

u sed

' ............. . i

B o t t le
No.

Agar 
B lock  
No.

j------------------------------------------------ -
D a ily  o b se r v a tio n  o f  
b a c t e r ia l  growth

1 2  3 4

----- ' -■■■■:

B a c t e r ia l  v i a b i l i t y  
a f t e r  r e - c u ltu r e d  
on fr e s h  m edia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3

N il 1 3 3 3 3 3

(C o n tro l) I I 2
3

3
3

3
3

3
3

3
3

3
3

1 3 3 3 3 3
I I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 .3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 3 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 . 3
3 3 3 3 3 3
1 3 3 3 2 3

0 .1 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 0 0 0 0 3

I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 3

0 .3 I I 2 0 0 1 1 3
3 0 0 0 0 3
1 0 0 0 1 3

I I I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 2

I 2 0 0 0 0 1
3 0 0 0 0 1
1 0 0 0 0 1

0 . 6 I I 2 0 0 0 0 1
3 0 0 0 0 1
1 0 0 0 0 2

I I I 2 0 0 0 0 1
3 0 0 0 0 1
1 0 0 0 0 0

■ I 2 0 0 0 0 0
3 0 0 0 0 0
1 0 0 0 0 1

0 .9 I I 2 0 0 0 0 0
3 0 0 0 0 0
1 0 0 0 0 0

I I I 1 2 0 0 0 0 0
3 0 0 0 0 0

For o th e r  d e t a i l s  s e e  t e x t ,



209

T ab le i 4 m R ecord o f  growth o f  E rw in ia  t r a c h e ip h i la  in  t e s t
a s s e m b l i e s  w ith  known c o n c e n t r a t io n s  o f  a u t h e n t ic
a c e t a ld e h y d e

A ce t a ld e h y d e A gar D a i ly  o b s e r v a t io n  o f B a c t e r i a l  v i a b i l i t y
(m l l i q / l . a i r ) B o t t l e B lo c k b a c t e r i a l grow th a f t e r  r e - c u l t u r e d

u s e d No. N o. 1 2 3 h on f r e s h  m ed ia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

N i l I I 2 3 3 3 3 3
(C o n tr o l) 3 3 ■ 3 3 3 3

1 3 3 3 3 3
I I I 2 3 3 3 3 ■ 3

3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 0 1 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 0 0 0 0 2

I 2 0 0 0 0 2
3 0 0 0 0 2
1 0 0 0 0 3

O'. 005 I I 2 0 0 0 0 2
3 0 0 0 0 2

! 1 0 0 0 0 3
I I I * 2 0 0 0 0 2

i 3 Q _ 0 0 0 2

1 0 0 0 0 1
I 2 0 0 0 0 0

3 0 0 0 0 0
1 0 0 0 0 2

0 .0 1 I I 2 0 0 0 0 1
3 0 0 0 0 1
1 0 0 0 0 1

I I I 2 0 0 0 0 1
Î- 3 0 0 0 0 1

I 1 0 0 0 0 0
I 2 0 0 0 0  j 0

1 3 0 0 0 0 1 0
I 1 0 0 0 0 1

0 .0 5 I I 2 0 0 0 0 0
3 0 0 0 0 0
1 0 0 0 0 1 0

I I I 2 0 0 0 0 1 0
3 0 0 0 . 0 ............ i 0

For o th e r  d e t a i l s  s e e  t e x t .



T ab le  l 4  N Record o f  grow th o f  E rw in ia  t r a c h e ip h i la  in  t e s t  a s s e m b lie s  w ith
known c o n c e n tr a t io n s  o f  a u th e n t ic  a c e to n e
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A c e to n e  
(m l l i q  / I . a i r )  

u s e d
B o t t l e

N o,

A gar
B lo c k
No.

D a i ly  o b s e r v a t io n  
b a c t e r i a l  gro^rth

1 2  3

o f

4

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on f r e s h  m e d ia .

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3

N i l 1 3 3 3 3 3

j (C o n tr o l ) I I 2
3

3
3

3
3

3
3

3
3

3
3

1 3 3 3 3 3
I I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 0 1 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 . 0 0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 . 0 5 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 0 0 0 0 3

I 2 0 0 0 0 3
3 0 0 0 0 2
1 0 0 0 0 2

0 . 2 5 I I 2 0 0 0 0 3
3 0 0 0 0 3
1 0 0 0 0 2

I I I 2 0 0 0 0 2
3 0 0 0 0 2
1 0 0 0 0 2

I 2 0 0 0 0 2
3 0 0 0 0 2
1 0 0 0 0 2

0 . 5 I I 2 0 0 0 0 2
i 3 0 0 0 0 1
s 1 0 0 0 0 1
1 I I I 2 0 0 0 0 2
! 3 0 0 0 0 . J 1

For o th e r  d e t a i l s  s e e  t e x t .



T a b les  l4  0 Record o f  grow th o f  E rw in ia  t r a c h e ip h i la  in  t e s t  a s se m b lie s  w ith
known c o n c e n tr a t io n s  o f  a u th e n t ic  e th a n o l.
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E th a n o l  
uni l i q  / I . a i r )  

u se d B o t t l e
No.

Agar
31o ck

D a i ly  o b s e r v a t io n  
b a c t e r i a l  grow th

1 2  3

o f

k

—..........— -  -  ■

B a c t e r i a l  v i a b i l i t y  
a f t e r  r e - c u l t u r e d  
on f r e s h  m ed ia

1 3 3 3 3 3
I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

N i l I I 2 3 3 3 3 3
(C o n tr o l ) 3 3 3 3 3 3

1 3 3 3 3 3
I I I 2 3 3 3 3 3

3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .0 3 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

0 .1 I I 2 3 3 3 3 3
3 3 3 3 3 3
1 3 3 3 3 3

I I I 2 3 3 3 3 3
3 3 3 3 3 3
1 0 0 0 0 2

I 2 0 0 0 0 2
3 0 0 0 0 2
1 0 0 0 0 2

0 .3 I I 2 0 0 0 0 2
3 0 0 0 0 2 :
1 0 0 0 0 3

I I I 2 0 0 0 0 3
3 0 0 0 0 .. 31 1 0 0 0 0 2

\ I 2 0 0 0 0 2
i 3 0 0 0 0 2
I 1 0 0 0 0 2
! 0 . 6 I I 2 0 0 0 0 2

3 0 0 0 0 2
1 0 0 0 0 3

I I I 2 0 0 0 0 3! 3 0 0 0 0 2
1 0 0 0 0 1

I 2 0 0 0 0 1
3 0 0 0 0 1
1 0 0 0 0 1

0 .9 I I 2 0 0 0 0 1
3 0 0 0 0 1-.

! 1 0 0 0 0 1
I I I 2 0 0 0 0 1

3 0 0 0 0 1 i

For o th e r  d e t a i l s  s e e  t e x t .
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T a b le  15 Q R eco rd  o f  s u r v i v a l  o f  E rvrin ia  t r a c h e i p h i l a  s t o r e d  w ith  
T ~ d a y -o ld  T r ich o d erm a  v i r i d e  1 and T rich od erm a  
lo n ^ ih r a n c h ia tu m  WBC hy(S r e s p e c t i v e l y  f o r  7 d ays a f t e r  
in o c u l a t i o n  i n  a g a r  and e q u iv a le n t  l a y e r s  o f  s o i l

Mean b a c t e r i a l  c e l l  num bers/gram  o f  s u b s t r a t e  r e c o v e r e d

T rea tm en t A ssem b ly (n o . X 
Agar

10 %) 1
1

( n o .  X 
Loam

■ ) ! 
1

(n o .  X 10  ) 
C lay

(n o . X ) 
Sand

E x p t. N o. I E x p t .N o .  1 E x p t. N o. E x p t. No.
I I I I I I  i I 1 1 . I I I .  ! I I I I l l I  , 11 u I I I .

i x lO ° x lO ■xlO° I (lO b xlO XlO®

p a ir e d  w it h  
u n in o c u la t e d  
2% m a lt  a g a r  
(C o n tr o l )

I 388 UU3
1

432  j 220 533 500  ! 60 467 1 2 0  1 36 549 1 0 0
I I Il20 U32 363 188 52 0 471  1 82 481 144 I 58 690 160

I I I 366 U89 363 236 557 4 7 9  1 48 310 86 1 49 622 l 4 l

Means 391 U35 386 215 537 483 1 63 419 1 1 7  1 48 620 134

p a ir e d  w it h  
T .v i r i d e  1 I k2k 282 249 130 248

1
291  i 60 228 88 4 i 444 100

I I 312 247 179 121 15 2 237 i 41 201 93 33 397 122
I I I 320 320 1 9 2 103 l 64 217 1 57 242 101 4o 383 84

Means 35^ 283 207 1 1 8 188 248  1 53 224 94 38 4o 8 102

I n h i b i t i o n  a s -1 0 - 3 8 - 4 6 - 4 5 - 6 5 - 4 9  I - 1 6 - 4 ^ - 2 0 - 2 1 -3 4 -2 4
% of  c o n t r o l 1

p a ir e d  w ith  
u n in o c u la t e d  

2 % m a lt  a g a r  
(C o n tr o l)

I
I I

300
232

520
381

- 208
1 6 6

369
389

66
52

63
42

“ 30
48

57
32

-

I I I 268 411 - 186 412 - 33 46 26 48

Means 273 437 - 187 390 - 50 50 - 35 46 -

p a ir e d  w it h I 222 390 128 280 46 30 30 49
T .lo n g i b f a n -  
ch ia tu m  WBC 
H5T6

I I 278 289 - 109 2 9 0 - 34 58 - 33 20 -

I I I 271 422 1 2 6 260 58 38 24 42

Means 257 367 - 1 2 1 277 - 46 42 - 29 37 -

I n h i b i t i o n  a s “ 6 - 1 6 -3 5 - 2 9 -8 - 1 6 - i T - 2 0% o f  c o n t r o l
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T a b le  15 R R eco rd  o f  s u r v i v a l  o f  E r w in ia  a r o id e a e  s t o r e d  w ith
7- d a y - o l d  T rich od erm a  v i r i d e  1 and  T . lo n g ib r a n c h ia tu m  
WBC 4 5 7 6  r e s p e c t i v e l y  f o r  7 d a y s  a f t e r  in o c u l a t i o n  i n  
a g a r  and  e q u iv a le n t  l a y e r s  o f  s o i l s

Mean b a c t e r i a l  c e l l  n u m b e r s /g r a m  o f  s u b s t r a t e  r e c o v e r e d

T rea tm en t A ssem b ly
No.

(n o . X 1 0 ^) 
A gar  

E x p t. No.
I  I I  I I I .

(n o .  X 10  ) 
Loam 

E x p t. N o.
I  I I  , I I I

( n o .x  10  ) 
C lay  

E x p t. No. 
I  I I

( n o .  X 10  ) 
Sand  

E x p t . N o.
I  I I

p a ir e d  w ith  I  
u n in o c u la t e d  I I  
2.% m a lt  a g a r  I I I  

(C o n tr o l) ,

426  378  1 6 3  
388 384  233  
4l 6 4l o  16 1

1 2 0  463  687  
16 6  525 627  
1 5 2  43 8  543

58 76
31' 73 
39 64

20  37 
6 31 

28 39

Means 410  391 1 8 6 146  475  619 43  71 18 36

p a ir e d  w ith  
T .v i r i d e  1 I

I I
I I I

398 281  120  
353  289  200  
380  240  1 1 0

1 3 2  340  520  
12 0  389  460  

78 300  300

39 69  
32 48
49 66

33 40  
4 22  
9 32

Means 377 2 7 0  143 1 1 0  343 427 4o 61 1 5  31

I n h i b i t i o n  a s  
% o f  c o n t r o l

- 8  -3 1  -2 3 - 2 5  -2 8  -3 1 — 7 - l 4 - 1 7  - l 4

p a ir e d  w ith  ^
u n in o c u la t e d
2 % m a lt  a g a r
(C o n tr o l )

3 6 0  378  
2 4 o  384
2 9 8  "

266 2 8 2 ,  -  
320  310  
286  278

46  109  
52 96  
38 98

22  33  
1 8  29  
28 42

Means 2 9 9  391 291  290 45 101 23  35

p a ir e d  w it h   ̂
T .lo n g ib r a n -  -  
c h ia tu m  WBC
4576

2 6 0  2 6 0  
0 400  —

262 3® -

268  250  
252  212  
23 0  252  -

42  99 
38 102  
53 82

20  33 
26 40 
1 8  18

Means 2 7 8  348  - 25 0  238 44 94 ' 21  30

I n h i b i t i o n  a s  
% o f  c o n t r o l - 7  - 1 1 - l 4 - 1 8  - - 2  -7 - 9  - l 4
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T able 16A R ecord o f  s u r v iv a l  o f  E r v in ia  t r a c h e ip h i la  s to r e d  w ith
known c o n c e n tr a t io n s  o f  a u th e n tic  a ce t a ld eh yd e fo r  T days
a f t e r  in o c u la t io n  in  agar and e q u iv a le n t  la y e r s  o f  s o i l .

Mean b a c t e r i a l  c e l l  n u m b e r s /g r a m  o f  s u b s t r a t e  r e c o v e r e d
(m l l i q u i d / 1 . a i r  

u se d
)

A ssem b ly
No.

(n o . X 10  ) 
A gar  

E x p t . N o.
I II III

(no.

I

X 10 ^)
Loam 

E x p t . N o . 
II III

(n o . X 10  ) 
C lay  

E x p t. N o.
I II III

(n o . X 10  ) 
Sand  

E x p t. N o.
I II III

N i l
(C o n tr o l)

I
II

III 1

230
220
288

232
200
215

1 6 3
181
1 2 5

226
177
1 7 3

178
229
170

163
18 0
126

15 0
18 3
128

155
153
103

1 2 0
170
1 2 7

68
42
72

147
130

96

1 8 0
113
133

Means 1 246 216 15 6 1 9 2 193 1 5 6 154 137 139 61 124 142

0 .0 0 1
I

I I
I I I

280
238
232

242
188
184

128
16 2
l44

1 8 2
16 6
216

200
18 0
170

208
126
100

170
l4o
146

144
120
i 44

110
158
130

23
69
88

130
132
116

89
142
182

Means
1 250 205 145 188 183 145 152 136 133 60 126 138

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+2 - 5 -T - 2 -5 - 7 - 1 - 1 -4 - 2 +2 - 3

0 .0 0 5

1
I

I I
I I I

224
276
233

220
l6 8
176

126
1 5 8
124

163
208
l 48

l 84
152
156

166
98

111

120
166
160

88
148
142

92
98

176

68
44
58

120
120
116

1 2 0
i 4o
128

Means 244 188 1 3 6 1 7 3 l 64 125 149 126 122 57 119 129

I n h i b i t i o n  a s  
% o f  c o n t r o l

- 1 -1 3 -1 3 - 1 0 -1 5 - 2 0 - 3 “ 8 - 1 2 - 7 -4 - 9

0 .0 1
I

I I
I I I

204
166
l 46

l 6 6
182
1 5 0

1 3 3
144
125

98
142
1 6 8

1 2 0
82

114

118
69
70

130
98

l 48

1 0 0
138

62

96
178

89

50
60
52

100
125
1 2 0

120
l 40
106

Means 17 2 l 6 6 134 1 3 6 105 86 125 100 121 54 115 122

I n h i b i t i o n  a s  
% o f  c o n t r o l -3 0 -2 3 ~ i 4 - 2 9 -4 5 -4 5 -1 9 - 2 7 - 1 3 - 1 2 - 7 -14

0 .0 5
I

I I
I I I

0 .0
0 .0
0 .0

0 .0
0 .0
0 .0

49
58

0 . 0

0 .0
0 . 0
0 .0

0 .0
0 .0
0 .0

0 .0
0 .0
0 .0

0 .0
0 .0
0 .0

0 .0
0 .0
0 .0

0 .0
0 .0
0 * 0

0 .0
0 .0
0 . 0

0 .0
0 .0
0 .0

0 .0
0 .0
0 .0

Means N i l N i l 36 N i l N i l N i l N i l N i l N i l N i l N i l N i l

I n h i b i t i o n  a s  
% o f  c o n t r o l -1 0 0 -1 0 0 -7 7 -1 0 0 -1 0 0 - 1 0 0 j-100 -1 0 0 - 1 0 0 -1 0 0 -1 0 0 - 1 0 0
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T able i 6B R ecord o f  s u r v iv a l  o f  E r v in ia  t r a c h e ip h i la  s to r e d  w ith
known c o n c e n tr a t io n s  o f  a u th e n tic  a c e to n e  fo r  Y days
a f t e r  in o c u la t io n  in  agar and e q u iv a le n t  la y e r s  o f  s o i l .

A c e to n e
(m l l i q u i d / 1 . a i r )  

u se d

Mean b a c t e r i a l c e l l num bers/gram  o f s u b s t r a t e r e c o v e r e d

A ssem b ly
No.

(n o . X 10^ )
ASËZ 

E x p t . N o .
I  ' I I  I I I

( n o .  X 10  ) j 
Loam 

E x p t . N o.
I  I I  I I I

(n o . X 
C lay  

E x p t .
I  I I

10^ )

N o . 
I l l

(

I

n o . X 1 0 ^ )  
Sand  

E x p t. N o . 
I I  I I I

I 330 288 380 4oo 420 340 156 216 142 48 122 93
N i l I I 280 320 4o6 362 46o 320 198 167 166 31 85 77

(C o n tr o l ) I I I 296 346 362 380 396 286 136 192 124 33 108 1 1 2

Means 302 318 383 381 425 315 163 192 144 37 105 94

I 268 312 4oo 380 408 312 136 160 1 2 0 32 108 88

0 .0 0 1 I I 330 298 3TT 400 4l 8 280 186 220 204 33 128 96
I I I 326 362 4lT 384 436 335 146 190 120 42 70 84

Means 308 324 398 388 421 309 156 190 148 36 102 89

I n h i b i t i o n  o r
S t im u la t io n  a s +2 +2 +4 +2 - 1 - 2 -4 - 1 +3 -3 -3 -5
% o f  c o n t r o l

I 300 260 378 288 4oo 300 160 232 200 38 100 80
0 .0 5 I I 260 342 405 , 236 396 282 182 164 120 31 61 88

I I I 328 344 332 562 4o4 280 126 156 102 4o 136 76

Means 296 315 372 362 4oo 287 156 184 l 4l 36 99 81

I n h i b i t i o n  a s - 2 - 1 -3 -5 —6 -̂ 9 -4 -4 - 2 - 3 -6 - l 4% o f  c o n t r o l

I 232 268 300 308 300 208 178 208 208 22 60 72
0 .1 I I 244 222 312 280 280 200 148 174 108 29 82 77

I I I 304 284 285 258 314 224 l 4o 143 64 30 68 52

Means 260 258 299 282 298 211 155 175 127 27 70 67

I n h i b i t i o n  a s  
% o f  c o n t r o l

- l 4 -1 9 - 2 2 “26 -30 -33 -5 “9 - 1 2 -n -33 -29
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T ab le l6C  R ecord o f  s u r v iv a l  o f  E rw in ia  t r a c h e ip h i la  s to r e d  w ith
known c o n c e n tr a t io n s  o f  a u th e n tic  e th a n o l f o r  7 days
a f t e r  in o c u la t io n  in  agar and e q u iv a le n t  la y e r s  o f  s o i l .

Mean b a c t e r ia lE th a n o l  
(m l l i q u i d / 1 . a i r )  

u s e d
A ssem b ly  . 

No. I
(n o . X 1 C 

A gar  
E x p t . No 

I  I I

4
.
I l l I

(n o . X 10  ) 
Loam 

E x p t . N o.
I I  I I I

( n o .  X 10  ) 
C lay  j 

E x p t. No.
I  I I  I I I  1

(n o . X 10  ) 
Sand  

E x p t . N o.
I  I I  I I I

N i l
(C o n tr o l) '

I
I I

I I I

380
420
388

329
277
270

1 8 1  1

l a

360
388
362

323
194
280

225
246
258

226
1 6 0
192

214
275
227

244
188
208

82
59
66

1 8 6
108
133

99
61
89

Means 396 292 27 3 370 266 243 193 239 213 69 142 83

0 .0 3
I

I I
I I I

292
380
552

266
300
319

360
2 8 0
1 7 0

360
358
370

225
266
244

240
214
224

200
180
204

214
240
242

200
232
201

98
89
23

130
166
12 6

88
82
74

Means 408 295 2 7 0 363 245 226 195 232 211 70 l 4l 81

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+3 +1 - 1 - 2 - 8 -7 +1 - 3 - 1 +1 - 1 —4

0 .1
I

I I
I I I

420
360
384

320
300
230

224
2 8 8
298

328
368
370

230
266
2 1 5

200
192
199

200
166
202

1 2 0
208
323

2 8 0
200
12 6

66
80
58

10 0
159
128

77
67
75

Means 388 283 2 7 0 355 235 197 189 217 202 68 129 73

I n h i b i t i o n  a s  
% o f  c o n t r o l - 2 - 3 - 1 -4 -1 2 -1 9 ”2 - 9 "5 - 2 - 9 - 1 2

0 .3
I

I I
I I I

300
255
300

1 0 2
206
188

20 8
1 7 0
154

228
25 0
232

118
116
116

l 4o
142
136

1 5 0
200
112

200
162
184

130
208
188

50
8 0
36

90
108

94

55
20
75

Means 285 165 177 237 117 139 •154 182 1 7 5 55 97 50

I n h i b i t i o n  a s  
t  o f  c o n t r o l -2 8 -4 3 -3 5 - 3 6 - 5 6 -43 -2 0 -24 -1 8 “ 20 -3 2 - 4o

0 .6
I

I I
I I I

2 2 0
282
164

10 0
l 4o
102

88
68

9

16 6
142
1 5 8

4o
44
36

88
81
87

87
144

9 3

1 2 0
161
l 4l

92
122
1 2 0

2
4 l
22

30
36
32

21
1

22

Means 222 l l 4 55 155 4o 85 1'08 l 4 i 111 22 33 15

I n h i b i t i o n  a s  
io o f  c o n t r o l -4 4 -6 1 - 8 0 -5 8 -8 5 -6 5 “44 - 4 l —48 - 6 8 -7 7 - 8 2
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T ab le 16d Record o f  s u r v iv a l  o f  E rw in ia  t r a c h e ip h i la  s to r e d  w ith
known c o n c e n tr a t io n s  o f  a u th e n tic  CÔ  f o r  7 days a f t e r
in o c u la t io n  in  agar and e q u iv a le n t  la y e r s  o f  s o i l

COg i n  a i r  .

T v o l T / v o l .  ) 
p u t  w i t h  e a c h  
t r e a t m e n t

( n o .  X 10 ) 
A g a r  

E x p t . N o .
I  I I  I I I

( n o .  X 1 0  ) 
Loam  

E x p t .  N o. 
I  • I I  I I I

( n o .  X 1 0 ^ )  
C la y  

E x p t . N o .
I  I I  I I I

( n o .  X 10 ) 
S a n d  

E x p t . N o .
I  I I  I I I

I
A ir  I I  

(0 . 03%) I I I

422 44t  304 
386 450 285 
392 484 233

229 360 486 
280 329 446 
266 314 471

332 354 420 
260 375 380 
240 353 388

180 127 88 
200 147 128 
166 193 116

M eans 4oo 46o 274 258 335 468 277 261 396 182 156 111

I
20% I I  

I I I

4l 0 320 200 
350 4lo  222 
332 374 220

188 220 300 
180 182 256 
176 180 314

200 221 444 
228 232 360 
254 186 276

166 120 80 
158 142 82 
147 104 72

M eans 364 368 214 181 194 290 227 213 360 157 122 78
I n h i b i t i o n  a s  
% o f  c o n t r o l -9  -2 0  -22 “ 30 -42  -38 -1 8  -18  -9 -14 -2 2  -3 0

I
30% II  

I I I

380 226 120 
300 312 156 
328 286 126

l 40 120 200 
l 46 102 226 
l 46 130 192

250 208 300 
268 222 330 
148 162 260

l 4o 108 66 
122 120 98 
164 74 37

M eans 336 275 134 l 44 117 206 222 197 297 142 101 67

I n h i b i t i o n  a s  
% o f  c o n t r o l

—16 - 4o -51 -44  -65  -56 -2 0  -24  -25 -2 2  -35  - 4o
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T ab le  16e R ecord o f  s u r v iv a l  o f  E rw inia  a r o id e a e  s to r e d  w ith  known
c o n c e n tr a t io n s  o f  a u th e n tic  a c e t a ld eh yd e fo r  7 days a f t e r
in o c u la t io n  in  agar and e q u iv a le n t  la y e r s  o f  s o i l s

Mean b a c t e r i a l  c e l l  num bers/gram  o f  s u b s t r a t e  r e c o v e r e de u a_Lueny ue 
(m l l i q u i d / 1 . a i r )  

u se d
A ssem b ly

No.
(n o .  X 10 ) 

A gar  
E x p t. No.

I  I I  I I I

(n o . X 1 0 ')  
Loam 

E x p t . N o .
I  I I  I I I

( n o .x  10 ^) 
C la y  

E x p t . N o . 
I  I I

(n o .  X 1 0 ^) 
Sand  

E x p t . N o .
I  I I

N i l
( C o n tr o l)

I
I I

I I I

380
428
4oo

256
285
236

274
297
263

260
298
222

209
223
220

185
203
224

166
123
143

228
166
178

120
l 44
132

98
128
116

Means 403 259 278 260 217 204 l 44 191 132 i l 4

0 .0 0 1
I

I I
I I I

4oo
426
407

302
242
218

270
312
242

258
232
260

200
248
1 9 0

212
188
194

92
166
182

188
111
262

124
132
124

91
l 44
100

Means 4l l 254 275 250 213 198 147 187 127 112
I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+2 -2 “1 -4 -2 -3 +2 -2 -4 -2

0 .005
I

I I
I I I

426
358
316

300
228
234

260
280
270

252
231
228

206
188
230

160
212
152

96
156
170

208
168
180

122
142
116

100
60

172

Means 367 254 270 237 208 175 l 4i 185 127 111

I n h i b i t i o n  a s  
% o f  c o n t r o l -9 -2 -3 -9 -4 - l 4 -2 -3 -4 -3

0 .0 1
I

I I
I I I

422
290
330

260
212
242

280
210
270

220
132
212

210 127 
198 158 
1 0 -9  156

130
98

156

66
168
294

94
122
144

116
118

84

Means 347 238 253 188 1 7 2  147 128 176 120 106

I n h i b i t i o n  a s  
% o f  c o n t r o l -14 -8 -9 -28 -21 -28 -11 -8 -9 - 7

0 .0 5
I

I I
I I I

88
67
88

24
78
70

30
4

50

0 .0
0 .0
0 .0

0 .0
48
81

0 .0
0 .0
0 .0

0 .0
32
19

22
102

95

0 .0
0 .0
0 .0

2<
14
l 4

Means 81 57 28 0 .0 43 0 .0 17 73 0 .0 10.

I n h i b i t i o n  a s  
% o f  c o n t r o l -80 -78 -90 -100 -80 -100 1 -88 -62 -100 -9 1
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T able i 6f  R ecord o f  s u r v iv a l  o f  E rw in ia  a r o id e a e  s to r e d  w ith
known c o n c e n t r a t io n s  o f  a u t h e n t ic  a c e to n e  f o r  T d ays a f t e r  
i n o c u l a t i o n  and e q u iv a le n t  l a y e r s  o f  s o i l s

A c e to n e
(m l l i q u i d / 1 . a i r )  

u s e d
A ssem b ly

No.
(n o . X 10  ) 

Agar 
E x p t. No.
I  I I  I I I

(n o .  X 10  ) 
Loam 

E x p t . N o .
I  I I  I I I

( n o .x  10 ) 
C lay  

E x p t . N o. 
I  I I

(n o . X  10 ) 
Sand  

E x p t . N o.
I  I I

N i l
( C o n t r o l )

I
I I

I I I

420
388
392

301
244
252

267
288
238

320
390
362

215
265
230

296
275
273

1 8 0
162
103

200
158
166

89
63

106

122
l 44
108

Means 4oo 266 264 357 237 281 l 48 175 86 125

0 .0 0 1
I

I I
I I I

4 00  
3 8 8  

448

306
260
250

300
288
212

340
362
357

228
256
242

290
262
267

98
182
1 6 0

186
162
192

82
85
88

1 2 0
144
108

Means 412 272 267 353 242 273 147 180 85 124

I n h i b i t i o n  o r  
S t im u la t io n  a s  
% o f  c o n t r o l

+3 +3 +1 - 1 +2 -3 - 1 +3 -1 - 1

0 .0 5
I

I I
I I I

412
320
444

300
260
200

220
258
290

320
360
358

250
226
230

260
251
257

68
160
204

132
92

292

88
63

100

120
132
117

Means 392 253 256 346 235 256 i 44 172 84 123

I n h i b i t i o n  a s  
% o f  c o n t r o l

- 2 - 5 - 3 -3 -1 - 9 -3 - 2 -2 - 2

0 .1
I

I I
• I I I

400
226
550

260
230
260

232
240
224

340
380
298

218
220
216

240
260
200

34
18 0
202

200
122
182

88
63
92

150
42

122

Means 392 250 232 339 218 233 139 168 81 105

I n h i b i t i o n  a s  
% o f  c o n t r o l

- 2 - 6 - 1 2 -5 - 8 -1 7 - 6 -4 - 6 -1 6
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T ab le l 6 G Record o f  sui’v iv a l  o f  E rw inia  a r o id e a e  s to r e d  w ith
known c o n c e n tr a t io n s  o f  a u th e n tic  e th a n o l fo r  7 days
a f t e r  in o c u la t io n  in  agar and e q u iv a le n t  la y e r s  o f  s o i l s .

E th an ol
(ml l i q u i d / 1 . a i r )  

u sed

Mean b a c t e r ia l c e l l numbers/gram o f  s u b s t r a te  re c o v e r e d

A ssem bly
No.

(n o . X 10^) 
Agar 

E x p t. No.
I  I I  I I I

(n o . X 
Loam 

E xp t. 
I- I I

10^)

No. 
I l l

(n o . X 10^) 
Clay  

E x p t. N o. 
I  I I

(nb . X 10 ) 
Sand 

E x p t. No.
I I I

N i l  
( C on tro l)

I
I I

I I I

260
312
252

276
216
226

377
377
379

172
228
206

236
188
238

l 64
176
157

180
152
132

192
122
177

88
98

124

92
l 44

86

Means 275 239 378 202 221 166 155 164 103 107

0 .0 3
I

I I
I I I

300
226
275

222
282
207

412
360
338

214
180
200

208
249
200

162 
165
163

160
84

236

212
142
130

88
132

80

138
l 46

25

Means 267 237 370 198 219 163 160 161 100 103
I n h ib i t io n  o r  
S tim u la t io n  as  
% o f  c o n t r o l

-3 -1 -2 -2 - 1 -2 +3 - 2 -3 -4

0 .1
I

I I
I I I

256
316
205

252
220
224

188
389
488

175
162
184

208
190
193

132
i 4o
130

106
186
158

93
183
202

31
112
l 44

121
48

116

Means 259 232 355 174 197 134 150 159 96 95
I n h ib i t io n  as  
% o f  c o n t r o l - 6 ” 3 "6 -14 -1 1 -19 -3 -3 -7 -1 1

0 .3
I

I I
I I I

254
222
260

186
226
212

320
266
344

159
139
158

180
156
134

106
96

132

133
202

73

152
98

202

92
98
86

88
86
83

Means 245 208 310 152 15T 111 136 151 92 86

I n h ib i t io n  as  
% o f  c o n t r o l "11 -13 -18 -25 -29 -33 -1 2 -8 -1 1 -2 0

0 .6
I

I I
I I I

200
185
201

151
166
142

204
254
222

88
81
80

102
82
74

40
85
10

109
98

108

120
100

86

66
68
59

52 
48
53

Means 195 153 227 . 83 86 45 105 102 64 51
I n h ib i t io n  as  
% o f  c o n t r o l -29 -36 - 4o -59 -61 -73 -32 -38 -38 -52
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T a b le  16H R ecord  o f  s u r v i v a l  o f  E r w in ia  a r o id e a e  s t o r e d  w ith
known c o n c e n t r a t io n s  o f  a u t h e n t ic  ca r b o n  d io x id e  f o r  
7 days a f t e r  i n o c u l a t i o n  in  a g a r  and e q u iv a le n t  l a y e r s  
o f  s o i l s

COg in  a i r  
m ix tu r e  
( v o l . / v o l .  ) 
p u t w ith  e a ch  
t r e a t m e n t

A ssem b ly
No.

( n o . X 
Agar 

E x p t .
I  I I

10®)

No.
I l l

(n o . X 
Loair 

E x p t.
I  I I

10®)

No.
I l l

( n o .x lO  ) 
C la y  

E x p t . N o . 
I  I I

(n o . X 10 ) 
Sand  

E x p t. N o.
I  I I

A ir  
(0 . 03% )

I 402 433 516 320 453 4l l 186 226 99 68
I I 360 433 482 346 438 386 265 180 87 128

I I I 366 467 480 381 428 386 166 188 127 106

Means 376 444 493 349 44o 394 206 198 104 101

I 350 312 514 300 358 300 208 186 62 92
20% I I 321 4 00 44 0 288 324 332 166 185 104 98

I I I 355 420 494 332 362 352 188 180 128 89

Means 342 377 483 307 348 328 187 184 98 93

I n h i b i t i o n  as  
% o f  c o n t r o l “9 -15 -2 -12 -21 -17 -9 -7 -6 -8

I 332 322 386 281 288 280 184 166 88 92
30% I I 294 277 472 300 282 292 166 182 62 68

I I I 367 362 474 278 300 247 194 138 110 83

Means 331 320 444 286 290 273 181 162 87 81

I n h i b i t i o n  a s  
% o f  c o n t r o l

-12 -28 -10 -18 -34 -31 -12 -18 -16 -20
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T a b le  17A C hanges i n  G .L .C . p ea k  h e ig h t s  p ro d u ced  by sa m p le s  o f
v o l a t i l e s  o f  a u t h e n t ic  a c e t a ld e h y d e  (O .O l ml l i q u i d /  l i t r e  o f  
a i r  s p a c e )  in  t e s t  a s s e m b l ie s  in  a g a r ,  lo a m , c l a y  and sa n d  
com pared t o  d ry  a i r  u n d er u n ifo r m  c o n d i t i o n s .

S u b s t r a t e B o t t l e
No.

G .L .C , mean p eak  h e ig h t  (mm)

Im m e d ia te ly  a f t e :  
a ss e m b le 1 s t  day 4t h  day 7 t h  d ay

I 290 282 270 252
Dry a i r I I 320 330 302 268

I I I 274 288 269 260

Means 295 * 300 280 260

I 260 1 8 0 130 100
A gar I I 24o 186 120 112

I I I 292 198 146 103

Means 264 188 132 105

I 300 252 24o 195
Loam I I 260 245 236 200

I I I 286 260 242 188

Means 282 252 239 194

I 270 230 206 180
C lay I I 298 232 200 160

I I I 284 240 220 168

Means 284 234 209 169

I 330 292 280 264
Sand I I 292 290 280 270

I I I 312 300 292 268

Means 311 29:4 284 267
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T a b le  1 TB C hanges in  G. L. C.  p ea k  h .e ig h ts  p ro d u ced  b y  sa m p le s  o f  
g a s e s  o f  a u t h e n t ic  COg (30% v o lu m e /v o lu m e ) i n  t e s t  
a s s e m b l i e s  o f  a g a r ,  lo a m , c l a y  and san d  com pared t o  d ry  
a i r  u n d er  u n ifo r m  c o n d i t i o n s .

S u b s t r a t e

Dry a i r

Means

A gar

Means

Loam

Means

C lay

Means

Sand

Means

B o t t le  
No.__

I
I I

I I I

I
I I

I I I

I
I I

I I I

I
I I

I I I

I
I I

I I I

G. L. C.  mean p eak  h e ig h t  ( mm)
Im m e d ia te ly  
a f t e r  a s s e m b le

45
51 
48

48

48
45
46

46

52
50
51

51

48
52
47

49

50 
52
50

51

1s t  d ay

45
49 
47

47

44 
40
40

41

48
46 
48

47

45
48
46

46

48
50 
50

49

4th  day

44 
48 
46

46

40
35 
34

36

47
45
47

46

4o
44
43

42

48 
50
49 

49

7th  day

44
48
46

46

38
33 
32

34

46
44
45

45

4o
44 
42

42

45
47
45

46


