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IN T R O D U C T IO N  A N D  R E V IE W  O F  L IT E R A T U R E

C y c lo h e x im id e ,  b e t t e r  know n b y  the b r a n d  n a m e  A c t i -  

d ione,^  i s  a b y - p r o d u c t  r e s u l t in g  f r o m  the  p r o c e s s  o f  S t r e p t o ­

m y c in  p r o d u c t io n .

A c t i - d io n e  w a s  f i r s t  r e p o r t e d  in  the l i t e r a t u r e  b y  W hif-  

fe n ,  B o h o n o s  and E m e r s o n  in  1947 (48) a s  a s u b s ta n c e  found  

to e x h ib it  a n t ifu n g a l but n o t  a n t ib a c t e r ia l  a c t iv i t y .  W h iffen  e t  

a l .  co n d u cted  a n u m b e r  o f  t e s t s  w ith  i t  and fou n d  that i t  i n ­

h ib ite d  a n u m b e r  of d e r m a to p h y te s  and s e v e r a l  y e a s t s ,  but had  

a b s o lu t e ly  no a c t io n  a g a in s t  b a c t e r i a .  A l s o  in  1947 , L e a c h ,  

F o r d  and W h iffen  (21) r e p o r t e d  on the c h e m i c a l  f o r m u la  

C H N _ 0  . T h e y  found  th is  s u b s ta n c e  to  h a v e  a m e l t in g
L* I *  C* Cd |

o , o
p o in t  o f  115 to 116 C ., a m o l e c u l a r  w e ig h t  o f  507  and  i s

m o s t  a c t iv e  in the a c id  r a n g e  b e in g  r a p id ly  in a c t iv a t e d  b y  d i ­

lu te  a lk a l i e s  a t  r o o m  t e m p e r a t u r e s .

A c t i - d io n e  i s  a p a te n te d  n a m e  b y  the Upjohn C om pan y  
o f  K a la m a z o o ,  M ic h ig a n ,  and a l l  o f  the m a t e r i a l  u s e d  in  t h e s e  
s tu d ie s  w a s  su p p l ie d  b y  the Upjohn C o m p a n y .
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E a r l y  in  1948  F e l b e r  an d  H a m n e r  (8) o f  the D e p a r tm e n t  

of H o r t ic u l tu r e  a t  M ic h ig a n  S ta te  C o l l e g e ,  s t a r t e d  a  s e r i e s  o f  

e x p e r i m e n t a l  s t u d ie s  in v o lv in g  the u s e  o f  C y c lo h e x im id e  ( A c t i -  

dione) in  o r d e r  to  d e t e r m in e  i t s  g r o w th  e f f e c t s  upon h ig h e r  

p la n t s .  D u r in g  t h e ir  in v e s t ig a t i o n  th e y  fou n d  A c t i - d io n e  to  b e  

to x ic ,  to you n g  b e a n  p la n t s  and o a t  s e e d l i n g s ,  in c o n c e n tr a t io n s  

h ig h e r  than  100 p .p .m .  (p a r t s  p e r  m i l l io n ) .  In the p r o c e s s  o f  

t h e s e  in v e s t ig a t i o n s  th e y  o b s e r v e d  a r a th e r  s e v e r e  in fe c t io n  of  

p o w d e r y  m i l d e w  E r y s ip h e  p o ly g o n i  D . C .,  on  t h e ir  o ld e r  R e d  

K id n ey  b e a n  p la n t s .  T h is  w a s  q u ic k ly  e r a d ic a t e d ,  w ith in  48  

h o u r s  b y  s p r a y in g  the  in f e c t e d  p la n ts  w ith  a 10 p .p .m .  s o l u ­

t io n  o f  A c t i - d i o n e .  T h e  r e s u l t s  o f  th i s  in v e s t ig a t io n  in d ic a te  

that the s u b s ta n c e  m a y  b e  e f f e c t i v e l y  u s e d  a s  a fu n g ic id e  f o r  

p o w d e r y  m i ld e w  o f  b e a n s .  T h e s e  f in d in g s  s e r v e d  a s  a s t i m u ­

lu s  to the in i t ia t io n  o f  m a n y  n e w  s t u d ie s  in v o lv in g  the a p p l i c a ­

t io n  o f  th is  a n t ib io t ic  in  c o n t r o l l in g  p la n t  d i s e a s e s .  A d d it io n a l  

in v e s t ig a t i o n s  w e r e  s t a r t e d  w ith  the o b je c t  o f  s tu d y in g  the v a ­

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

p a th o g e n ic  fu n g i and a l s o  the c y t o l o g i c a l  e f f e c t s  o f  th is  s u b ­

s ta n c e  on  the c e l l s  o f  s e v e r a l  p la n ts  (11 , 51).
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L a te  in  1 9 4 8 , V aughn  an d  h is  c o - w o r k e r s  (45) c o n d u c te d  

a s e r i e s  o f  e x p e r i m e n t s  to d e t e r m in e  the e f f e c t  of A c t i - d io n e  

on v a r io u s  p la n t  t i s s u e s  and on  the v e g e t a t i v e  g r o w th  o f  s e v ­

e r a l  fu n g i .  T h e ir  c o n c l u s io n s  w e r e  th a t  A c t i - d io n e  c o n t r o l s  

m ild e w  on  b e a n s  and r o s e s ,  u n d er  g r e e n h o u s e  c o n d i t io n s .  M i l ­

d ew  on  b e a n s  w a s  c o n t r o l l e d  a t  10 p .p .m .  w ith  no a p p a r e n t  

p h y to to x ic  r e s u l t s .  M i ld e w  on  r o s e s  w a s  c o n t r o l l e d  w ith  c o n ­

c e n t r a t io n s  l e s s  than  5 p .p .m .  T h ey  a l s o  s ta t e  that in ju r y  

v a r ie d  b e tw e e n  v a r i e t i e s ,  bu t that y o u n g e r  f o l ia g e  w a s  m o r e  

s u s c e p t ib le  than  o ld e r  f o l i a g e .  In a d d it io n  to th is ,  th e y  a l s o  

found  that " g r o w th  o f  p a th o g e n ic  fu n g i on  a c u ltu r e  m e d iu m  

co n ta in in g  a c t id io n e  in d ic a t e s  s t r o n g  in h ib it io n  o f  10 d i f f e r e n t  

p a th o g e n e s  at c o n c e n t r a t io n s  o f  100 p .p .m .  o f  a c t id io n e ."  In 

1949 , V aughn  and  H a m n e r  (46) r e p o r t e d  on  the e f f e c t  o f  A c t i ­

d ion e  a s  a fu n g ic id e  in  c o n tr o l l in g  s e v e r a l  c o m m o n  d i s e a s e s ,  

and c o n c lu d e d  that the A c t i - d i o n e  i s  w o r th y  o f  fu r th e r  e x t e n ­

s iv e  t e s t in g  on  v a r i o u s  c r o p s  a g a in s t  fu n g u s  d i s e a s e s .  A l s o  

in  1949 , de Z e e u w  (6) and V aughn r e p o r t e d  that A c t i - d io n e  p r o ­

d u ced  th e  b e s t  c o n tr o l  o f  c u c u m b e r  s c a b ,  C la d o s p o r iu m  c u c u - 

m e r in u m .  F r o m  R ic h m o n d ,  Ind iana , c a m e  r e p o r t s ,  v ia  c o r r e ­

sp o n d e n c e  to V augh n  (4 2 ) ,  th at  g r e e n h o u s e  t e s t s  w ith  th is  m a t e r i a l
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h a v e  g iv e n  s a t i s f a c t o r y  c o n t r o l  of p o w d e r y  m i l d e w  of r o s e s  

w h en  the la t t e r  w e r e  s p r a y e d  w ith  c o n c e n t r a t io n s  b e lo w  5 p .p .m .  

K lo m p a r e n s  (19) c o n d u c te d  an  in v e s t ig a t io n  to d e t e r m in e  the e f ­

f i c i e n c y  o f  t h i s  s u b s ta n c e  a s  a w o o d  p r e s e r v a t i v e .  H e fou nd  

that A c t i - d io n e  w a s  v e r y  t o x ic  to a l l  o f  the w o o d -r o t t in g  b a s i d -  

i o m y c e t e s ,  w h ic h  he  u s e d  in  h is  s t u d i e s ,  e v e n  a t  v e r y  lo w  c o n ­

c e n t r a t io n s .  H is  c o n c lu s io n  w a s  that A c t i - d io n e  w a s  a d s o r b e d  

b y  the t i s s u e s  of the  w o o d e n  b lo c k  s a m p l e s  an d  h is  a t t e m p ts  

to l e a c h  ou t the to x in ,  r e s u l t e d  in a v e r y  lo w  r e c o v e r y .  In 

1950 , W h iffen  (48) r e p o r t e d  o n  e x p e r i m e n t s  in  w h ic h  sh e  s tu d ie d  

the a c t iv i t y  o f  A c t i - d io n e  in  v i t r o  on  33 s p e c i e s  and s t r a in s  

o f  p h y to p a th o g e n ic  fu n g i.  T h e s e  w e r e  in h ib ite d  by  A c t i - d io n e  

v a r y in g  in  r a n g e  o f  c o n c e n tr a t io n  f r o m  0 .1 2 5  to  100 .0  m i c r o ­

g r a m s  p e r  m i l l i l i t e r .  P e t e r s e n  and C ation  (38) r e p o r t e d  th e ir  

e x p e r i m e n t a l  r e s u l t s  on  the u s e  of A c t i - d io n e  f o r  th e  c o n tr o l  

of  P e a c h  B r o w n  R ot (M o n il in ia  f r u c t i c o la ) ,  and C h e r r y  L e a f  

Spot (H ig g in s ia  h y e m a l i s ) . T h e ir  c o n c lu s io n  w ith  r e s p e c t  to  

the b ro w n  r o t  i s  th at  in  v i e w  of the f a c t  th a t  s e v e r e  in ju ry  to 

n e a r - r i p e  f r u i t  w a s  e v id e n t ,  A c t i - d io n e  i s  o f  doubtfu l v a lu e  a s  

a p e a c h  b r o w n  ro t  s p r a y .  O n the o th e r  hand, in  the c a s e  of  

c h e r r y  l e a f  sp o t ,  e x c e p t i o n a l ly  good  r e s u l t s  w e r e  o b ta in ed  a s
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an e r a d ic a n t  w ith  no a p p a r e n t  in ju r y  to the f o l i a g e .  In 1950  

G ottl ieb  e t  a l .  (10) r e p o r t e d  on e x p e r i m e n t s  w ith  A c t i - d io n e  a s  

a p la n t  p r o te c ta n t .  T h e y  t e s t e d  i t  at v a r io u s  c o n c e n t r a t io n s  

a g a in s t  6 o r g a n i s m s  and  found th a t  a l l  e x c e p t  S c l e r o t in ia  f r u c - 

t i c o la  w e r e  c o n t r o l l e d  a t  100 p .p .m .  A l l  6 o r g a n i s m s ,  h o w e v e r ,  

w e r e  c o n t r o l l e d  at 1 ,000  p .p .m .  In a d d it io n  th e y  t e s t e d  5 e c o ­

n o m ic  p la n ts  in  o r d e r  to  d e te r m in e  p o s s i b l e  t o x ic i t y .  T h e ir  

r e s u l t s  sh o w  in ju r y  to a l l  of the p la n t s  e x c e p t  s t r a w b e r r i e s ,  

at 100 p .p .m .  and 1 ,000  p .p .m .  In p r iv a t e  c o n v e r s a t io n ,  R. H. 

F u lto n ,  D e p a r tm e n t  of B o ta n y  and P la n t  P a th o lo g y ,  M ic h ig a n  

State  C o l l e g e ,  h a s  to ld  th is  au th or  th at  h is  e x p e r i m e n t s  w ith  

A c t i - d io n e  on s t r a w b e r r y  p la n ts  h a v e  r e s u l t e d  in  in ju r y  e v e n  

at c o n c e n t r a t io n s  a s  lo w  as  2 p .p .m .  E a r l y  in  1951 , H e n r y  

e t  a l . (12) r e p o r t e d  th at  " A c t i - d io n e  p r o v e d  p r o m is in g ,  p a r ­

t i c u l a r ly  f o r  the t r e a t m e n t  of o a t s  f o r  th e  c o n tr o l  of sm u t  

c a u s e d  b y  U s t i la g o  k o l l e r i  W i l l e ."  A t  the 42n d  annual m e e t ­

ing of the A m e r ic a n  P h y t o p a t h o lo g ic a l  S o c ie ty ,  V aughn  (47),  

r e p o r t in g  on h is  e x p e r im e n t s  w ith  A c t i - d io n e  on tu r f  d i s e a s e s ,  

s ta te d  th at  " D o l la r  S p o t"  S c le r o t in ia  h o m e o c a r p a  w a s  c o n s i s ­

te n t ly  l e s s  p r e v a le n t  in  c y c l o h e x i m i d e - t r e a t e d  p lo t s  than  in  

th o s e  t r e a t e d  w ith  c o m m o n  tu r f  f u n g ic id e s ;  and th at  " M e lt in g -
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o u t"  (H e lm in t h o s p o r iu m  sp .)  w a s  c o m p le t e ly  c h e c k e d  b y  c y c l o ­

h e x im id e .  A t the s a m e  m e e t i n g ,  K lo m p a r e n s  (20) r e p o r t e d  on  

the t o x ic i t y  of c y c l o h e x im id e  to c e r t a in  w o o d - r o t t in g  fu n g i ,  and  

on  h is  p r e l i m i n a r y  s tu d ie s  on  the  a b s o r p t io n  o f  th is  a n t ib io t ic  

b y  t i s s u e s .

A t  the p r e s e n t  t im e  a n u m b e r  of in v e s t i g a t o r s  a r e  c o n ­

d u ctin g  t e s t s  on v a r io u s  c r o p s  and d i s e a s e s  in  a t te m p ts  to  

l e a r n  m o r e  about th is  p r o d u c t  w h ic h  h a s  u n t i l  n o w  c r e a t e d  

m u c h  w id e s p r e a d  i n t e r e s t  a m o n g  p a t h o lo g i s t s  and  e v e n  s o m e  

g r o w e r s  o f  f r u i t  and  v e g e t a b le  c r o p s .

C u r r e n t ly ,  s tu d ie s  a r e  b e in g  m a d e  at M ich ig a n  State  

C o lle g e  b y  V aughn and K lo m p a r e n s  on  tu r f  d i s e a s e s ,  d e Z e e u w  

on  c u c u m b e r  s c a b  and C ation  and  F u lto n  on  f r u i t  d i s e a s e s .  In 

ad d it ion  to t h e s e ,  o th e r  tu r f  and f r u i t  in v e s t ig a t i o n s ,  u s in g  A c t i ­

d io n e  a r e  b e in g  c o n d u c te d  in  v a r i o u s  e x p e r i m e n t  s ta t io n s  th r o u g h ­

out the U n ite d  S t a t e s .

S p o r e  g e r m in a t io n  t e s t s  h a v e  b e e n  u s e d  to  a s s a y  fu n g i ­

c i d e s  f o r  m a n y  y e a r s .  A c c o r d in g  to H o r s f a l l  (17), P r e v o s t  w a s  

one o f  the e a r l i e s t  r e s e a r c h e r s  to u s e  th is  m e th o d  o f  fu n g ic id e  

a s s a y .  M any  o th e r  in v e s t ig a t o r s  h a v e  s in c e  u s e d  i t  and p u b ­

l i s h e d  t h e ir  r e s u l t s  w ith  m ix e d  o p in io n s  on th e  e f f i c a c y  of the
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m eth o d .  N e v e r t h e l e s s ,  the m e th o d  i s  w e l l  e s t a b l i s h e d ,  w ith  

m a n y  m o d i f i c a t i o n s .  M c C a l la n  and W ilc o x o n  o f  the B o y c e  

T h o m p so n  In s t i tu te  h a v e  u s e d  i t  e x t e n s i v e l y  a s  e v id e n c e d  by  

th e ir  m a n y  p u b l ic a t io n s  on s p o r e  g e r m in a t io n  s tu d ie s .

S in c e  no p r e v i o u s  in v e s t ig a t i o n  had  b e e n  m a d e  of the  

e f f e c t s  of A c t i - d io n e  o n  p a th o g e n ic  fu n g o u s  s p o r e  g e r m in a t io n ,  

i t  w a s  c o n s i d e r e d  th a t  s u c h  a  s tu d y  w ou ld  be  in t e r e s t i n g  and  

o f  p o s s i b l e  v a lu e  f r o m  a p r a c t i c a l  s ta n d p o in t .  It i s  the  hope  

of the au th o r  that a t  s o m e  fu tu r e  t im e ,  t h e s e  r e s u l t s  m a y  

p r o v e  o f  v a lu e  in  the  e v e r - c o n s t a n t  s t r u g g le  o f  c o n tr o l l in g  

p la n t  d i s e a s e s .  P e r h a p s  s o m e  in v e s t ig a t o r  w ho m a y  w i s h  to  

s tudy  the e f f e c t s  of A c t i - d i o n e  on  any  on e o r  m o r e  of the m a n y  

d i s e a s e s  c a u s e d  by the  o r g a n i s m s  u s e d  in  th is  s tu d y  w i l l  h a v e  

a c c e s s  to  s o m e  in fo r m a t io n  r e g a r d in g  the a c t io n  of A c t i - d io n e  

upon the s p o r e s  of th e  o r g a n i s m  he i s  about to s tudy .

An investigation was started by the writer in September, 

1949, with the objective of studying the effects of Acti-dione 

on the germination of spores from several pathogenic fungi, 

under the influence of several environmental factors.



M A T E R IA L S  A N D  M E T H O D S

P u r e  c u l t u r e s  o f  e a c h  o r g a n i s m  u s e d  in  th is  i n v e s t i g a ­

tion  w e r e  o b ta in e d  f r o m  the s to c k  c o l l e c t i o n  o f  fu n g i o f  the  

D e p a r tm e n t  of B o ta n y  and P l a n t  P a t h o lo g y  a t  M ic h ig a n  S ta te  

C o l le g e ,  e x c e p t  f o r  th e  c u l tu r e  of B o t r y t i s  c i n e r e a ,  w h ic h  w a s  

i s o la t e d  f r o m  n a t u r a l ly - i n f e c t e d  P r e m i e r  s t r a w b e r r i e s  by  M r.  

R o b e r t  H. F u lto n .  M o n o s p o r o u s  i s o la t i o n  o f  t h e s e  o r g a n i s m s  

w a s  r a th e r  d if f ic u l t ,  so  s in g le  hyphal t ip s  w e r e  t r a n s f e r r e d  

f r o m  P e t r i  d i s h  c u l t u r e s  to a g a r  s la n t s  in t e s t  tu b e s .

The c o n id ia l  s t a g e s  of t h e s e  o r g a n i s m s  w e r e  n e e d e d  and

a l l  e f fo r t s  w e r e  d i r e c t e d  to w a r d  o b ta in in g  the m o s t  d e s ir a b le

m e d ia  fo r  c o n id ia l  p r o d u c t io n .  M o n il in ia  f r u c t i c o la  w a s  grow n

on an a g a r  m e d iu m  of  the fo l lo w in g  fo r m u la :

M alt  e x t r a c t    5 g r a m s

Y e a s t  e x t r a c t ................. 1 g r a m

S o r b o s e ............................... 5 g r a m s

G l y c i n e ............................... 1 g r a m

B a c t o - A g a r  (D ifco )  . . .  18 g r a m s

D i s t i l l e d  w a t e r   1000  m i l l i l i t e r s

T h is  f o r m u la  w a s  g iv e n  to th e  author b y  D r .  H. L . B a r n e t t ,  o f

W e st  V ir g in ia  U n iv e r s i t y .  C la d o s p o r iu m  c u c u m e r in u m ,  R a m u la r ia
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sp . and B o t r y t i s  c i n e r e a  w e r e  c u l tu r e d  on  a g a r  s la n t s  o f  p o ta to  - 

d e x t r o s e  a g a r  p r e p a r e d  in  a c c o r d a n c e  w ith  the fo l lo w in g  f o r ­

m ula:

L iq u id  p o ta to  e x t r a c t  f r o m  200  
g r a m s  of p o t a t o e s

D e x t r o s e ,  C. P   5 g r a m s

B a c t o - A g a r  (D ifco )  . . .  17 g r a m s

D i s t i l l e d  w a t e r   1000 m i l l i l i t e r s

The pH  of t h e s e  m e d ia  w a s  d e t e r m i n e d  b y  a  B e c k m a n  

pH  m e t e r  (m o d e l  H 2 ) . M e d iu m  X, w h ic h  r e f e r s  to the m e d iu m  

u s e d  f o r  M o n il in ia  f r u c t ic o la , h ad  a pH  v a lu e  of 5 .6 .  T he p o ­

t a t o - d e x t r o s e  a g a r  h a d  a pH  of 5 .9  a f t e r  s t e r i l i z a t i o n .  T h e s e  

m e d ia  w e r e  u s e d  f o r  p ro d u c in g  the c o n id ia  w h ich  w e r e  la t e r  

u s e d  in  the e x p e r i m e n t s  d e s c r i b e d  in  the l a t t e r  p o r t io n  o f  th is  

s e c t io n .

In p r e l i m i n a r y  t e s t s  s t e r i l e  d i s t i l l e d  w a te r  w a s  u s e d  as  

the s p o r e  s u s p e n s io n  m e d iu m  an d  a s  th e  m e d iu m  in  w h ic h  the 

s p o r e s  w ou ld  be a l lo w e d  to g e r m in a t e .  A f t e r  s e v e r a l  t e s t s  

w ith  e a c h  o r g a n i s m  i t  w a s  fou n d  that the s p o r e s ,  f r o m  the  

o r g a n i s m s  u s e d  in  t h e s e  t e s t s ,  d id  n o t  sh o w  a h ig h  p e r c e n t a g e  

of  g e r m in a t io n .  S t im u la n ts  w e r e  in o r d e r ,  and a s  r e c o m m e n d e d  

b y  M c C a lla n  (31) a n u m b e r  o f  th e m  w e r e  t r i e d .  D ifc o  n u tr ie n t  

b r o th  w a s  d e c id e d  upon a s  the m o s t  s u i ta b le  s in c e  i t  g a v e  good
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r e s u l t s ,  w a s  r e a d i ly  a v a i la b le ,  and w a s  a lw a y s  c o n s ta n t .  T h is

l iq u id  n u tr ie n t  b r o th  w a s  p r e p a r e d  b y  d i s s o lv in g  8 g r a m s  o f  the

d e h y d r a te d  b r o th  in to  1 ,000  m l .  of d i s t i l l e d  w a te r  and a u to c la v -  

o
ing at 121 C. F o l lo w in g  s t e r i l i z a t i o n  it  w a s  s t o r e d  in  the  

la b o r a t o r y  r e f r i g e r a t o r s  u n t i l  u s e d .  F o r  c o m p a r i s o n ,  at d i f ­

f e r e n t  in t e r v a l s ,  s t e r i l e  d o u b l e - d i s t i l l e d  w a t e r  and s o m e t i m e s  

s t e r i l e  tap w a te r  w a s  u s e d .  The w a te r ,  h o w e v e r ,  p r o v e d  v e r y  

u n s a t i s f a c t o r y  s in c e  lo w  g e r m in a t io n  w a s  n o te d  e v e r y  t im e  and  

i t s  u s e  w a s  d is c o n t in u e d .

The s l i d e s  u s e d  in  th is  s tu d y  w e r e  p r e p a r e d  a c c o r d in g  

to the m e th o d  d e s c r i b e d  b y  P .  D. P e t e r s o n  (37). C le a n  g l a s s  

s l i d e s  w e r e  l i g h t ly  s m e a r e d  w ith  a v e r y  th in  la y e r  of V a s e l in e  

b y  u s e  of the in d e x  f in g e r .  Onto th is  s u r f a c e  w e r e  a f f ix e d  

1 2 - m m .  c i r c u l a r  c o v e r  g l a s s e s  w h ic h  had p r e v i o u s l y  b e e n  

c l e a n e d  in  hot w a te r  c o n ta in in g  D r e f t ,  a g o o d  d e te r g e n t  fo r  th is  

p u r p o s e .  The g l a s s e s  w e r e  th en  s t o r e d  in  70% a lc o h o l  un til  

u s e d .  E a c h  c o v e r  g l a s s ,  b e f o r e  u s e ,  w a s  q u ic k ly  f la m e d  and  

p r e s s e d  in to  p la c e ,  i . e . ,  on the V a s e l in e  s u r fa c e  of the s l id e .  

The s l ig h t  p r e s s u r e  a p p l ie d  to the c o v e r  g l a s s ,  r e s u l t e d  in  a 

r id g e  of V a s e l in e  fo r m in g  a rou n d  the ed g e  of the c o v e r  g l a s s .  

T h is  ed g e  r im  s e r v e d  to  r e s t r i c t  the s p o r e  s u s p e n s io n  w ith in
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the b o u n d a r ie s  of the  c o v e r  g l a s s  and  th us  p r e v e n t e d  r u n n in g -  

off or  c o a l e s c i n g  of the  s p o r e  s u s p e n s io n  d r o p s .

T h is  m e th o d  w a s  c h o s e n  b e c a u s e ,  a s  P e t e r s o n  m e n t io n s ,  

i t  n ot o n ly  i s  q u ick  and  in e x p e n s iv e  in  m a t e r i a l s ,  but a l s o  p r o ­

v id e s  a  d e f in i t e  s u r f a c e  a r e a  o v e r  w h ic h  th e  s p o r e  s u s p e n s io n s  

w e r e  p la c e d  and th u s  a m o r e  or  l e s s  d e f in ite  v o lu m e  o f  l iq u id .  

F u r t h e r m o r e  e a c h  and  e v e r y  r e p l i c a t e  w a s  d u p l ic a te d  in  that  

e a c h  c o v e r e d  the s a m e  s u r f a c e  a r e a .  T he v o lu m e  of l iq u id  

s p o r e  s u s p e n s io n  w a s  q u ite  c o n s ta n t  in  e a c h  r e p l ic a t e  a s  an  

a tte m p t  w a s  m a d e  to  p la c e  o n ly  tw o eq u a l  s i z e  d ro p s  on  e a c h  

c o v e r  g l a s s .  E a c h  drop  w a s  a p p r o x im a t e ly  1 /2 0  of a m l .  a s  

m e a s u r e d  b y  a f a i r l y  a c c u r a t e  p ip e t t e .

B e f o r e  t h e s e  s l i d e s  w e r e  u s e d  e a c h  w a s  p la c e d  in  a 

c le a n  s t e r i l e  P e t r i  d i s h  l i n e d  w ith  2 f i l t e r  p a p e r  d is k s  and  

th en  w e r e  e x p o s e d  to  u l t r a v i o l e t  i r r a d ia t io n  b y  p la c in g  th e m  

un der an u l t r a v i o l e t  la m p  u n it  c o n s i s t in g  o f  2 S l im l in e  la m p s ,

6 in c h e s  f r o m  the l o w e r  s u r f a c e  o f  th e  la m p s .  E a c h  and  e v e r y  

s l id e  w a s  e x p o s e d  f o r  a p e r i o d  o f  10 m in u t e s .  T h ere  w a s  a l ­

m o s t  no c o n ta m in a t io n  u n d e r  t h e s e  c o n d i t io n s .

T h e  s p o r e  s u s p e n s io n s  u s e d  in  the g e r m in a t io n  s tu d ie s  

w e r e  p r e p a r e d  a s  f o l lo w s :  7 m l .  o f  e a c h  s t e r i l e  n u tr ie n t
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b r o t h - A c t i - d io n e  c o n c e n tr a t io n  w e r e  p o u r e d ,  a s e p t i c a l l y ,  in to  an  

a g a r  s la n t  c u l t u r e ,  w h ic h  w a s  s p o r u la t in g  a b u nd atly ,  and e a c h  

t e s t  tube w a s  r o l l e d  v ig o r o u s ly  b e tw e e n  the p a l m s  o f  the hands  

fo r  a p p r o x im a t e ly  100 t i m e s .  T h is  p r o d u c e d  a g o o d  s u s p e n ­

s io n  e v e r y  t im e .  T he s u s p e n s io n  w a s  th en  t r a n s f e r r e d  i m m e ­

d ia te ly  to s t e r i l e  c e n tr i fu g e  tu b e s  b y  f i l t e r in g  th ro u g h  s e v e r a l  

l a y e r s  of s t e r i l e  c h e e s e c l o t h  w h ic h  had  b e e n  p r e v i o u s l y  p la c e d  

in  the c e n tr i fu g e  tu b e s .  A l l  s u s p e n s io n s  w e r e  th en  c e n tr i fu g e d  

fo r  a p p r o x im a te ly  2 m in u te s  f o l lo w e d  b y  d e c a n t in g  o f  the l iq u id  

w ith  c a r e  so  a s  to k e e p  the  c lu m p e d  s p o r e s  at the b o t to m  of  

the c e n tr i fu g e  tu b e s .  The s p o r e s  w e r e  th en  r e s u s p e n d e d  in  

f r e s h  s t e r i l e  n u tr ie n t  b r o th  and c e n tr i fu g e d  a g a in  fo r  about 2 

m in u t e s .  The l iq u id  m e d iu m  w a s  a g a in  d e c a n te d  and the s p o r e s  

w e r e  a g a in  r e s u s p e n d e d  in  n u tr ie n t  b r o th .  E a c h  c e n tr i fu g e  tube  

w a s  th en  r o l l e d  b e tw e e n  th e  p a lm s  o f  th e  hands to  c a u s e  an 

e v e n  s u s p e n s io n  o f  the s p o r e s  and b r e a k  an y  c lu m p s  th at  m a y  

h a v e  f o r m e d  d u rin g  c e n tr i fu g a t io n .  To fu r th e r  in s u r e  th is ,  a  

c l e a n  s t e r i l e  2 - m l .  p ip e t te  w a s  p la c e d  in to  the l iq u id  s p o r e  

s u s p e n s io n ,  and b y  d ra w in g  s o m e  o f  the l iq u id  in to  the p ip e t te  

and a l lo w in g  i t  to f lo w  b a c k  in to  th e  tu b e ,  fu r th e r  d i s p e r s io n  

of the s p o r e s  w a s  a c c o m p l i s h e d .  U s in g  the s a m e  p ip e t te  a
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drop of the s u s p e n s io n  w a s  q u ic k ly  p l a c e d  upon a  H o w a rd  M o ld  

C ounting  C h a m b e r  s l id e  and the s u s p e n s io n  w a s  s t a n d a r d iz e d  so  

a s  to  c o n ta in  a p p r o x im a t e ly  3 0 ,0 0 0  s p o r e s  p e r  m l .  of l iq u id ,  a s  

r e c o m m e n d e d  b y  the A m e r ic a n  P h y to p a th o lo g ic a l  S o c ie ty  C o m ­

m it t e e  on  S ta n d a r d iz a t io n  o f  F u n g ic id a l  T e s t s  (1 ) .

A f t e r  e a c h  s u s p e n s io n  w a s  s ta n d a r d iz e d  tw o  d ro p s  w e r e  

p la c e d  q u ic k ly  on e a c h  o f  the tw o  c o v e r  g l a s s  s u r f a c e s  b o r n e  

on the s u r f a c e  of the s p e c i a l l y  p r e p a r e d  s l id e s  p r e v i o u s l y  d e ­

s c r ib e d  (P la te  1). E a c h  s l id e  w a s  th en  q u ic k ly  c o v e r e d  b y  

p la c in g  the l id  on e a c h  P e t r i  d is h ,  thus r e d u c in g  the c h a n c e s  

fo r  c o n ta m in a n ts  to g a in  e n t r a n c e .  To e a c h  P e t r i  d is h  2 .5  m l .  

o f  s t e r i l e  d i s t i l l e d  w a te r  w a s  a d d ed  to m o i s t e n  th e  f i l t e r  p a p e r  

d is k  l in in g  it ,  so  a s  to p r o d u c e  and m a in ta in  a h u m id ity  s u f ­

f i c i e n t ly  h ig h  so  that the s p o r e  s u s p e n s io n s  w o u ld  n ot  d r y  out  

(P la te  1).

E a c h  e x p e r i m e n t  c o n s i s t e d  of 7 P e t r i  d i s h e s  co n ta in in g  

one s l id e  e a c h  and e a c h  s l id e  c o n ta in e d  on e  c o n c e n tr a t io n  of  

A c t i - d i o n e .  The c o n c e n tr a t io n s  of A c t i - d io n e  u s e d  fo r  th is  

i n v e s t ig a t io n  w e r e  0 .5  p a r t  p e r  m i l l io n ,  2 .5  p .p .m . ,  5.0 p .p .m . ,

10 .0  p .p .m . ,  25 .0  p .p . m . ,  50 .0  p .p .m . ,  7 5 .0  p .p .m .  and 100 p .p .m .
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T h e la t t e r  two c o n c e n t r a t io n s  w e r e  u s e d  o n ly  in  the e x p e r i ­

m e n t s  w ith  B o t r y t i s  c i n e r e a  an d  R a m u la r ia  s p .

T h e  A c t i - d io n e  c o n c e n tr a t io n s  w e r e  p r e p a r e d  b y  c a r e ­

f u l ly  d i s s o lv in g  1 0 0 .0 0  m g .  o f  c r y s t a l l i n e  A c t i - d io n e  in to  1 ,000  

m l.  of n u tr ie n t  b r o t h  (D ifco) in  a 1 ,0 0 0 - m l .  v o lu m e t r i c  f la s k .  

T h is  s o lu t io n  c o n ta in e d  100 p .p .m .  of A c t i - d i o n e .  U s in g  th is  

a s  a s t o c k  so lu t io n ,  b y  a s e r i e s  of d i lu t io n s ,  the  o th e r  c o n c e n ­

t r a t io n s  w e r e  p r e p a r e d .

A f t e r  the s t e r i l e  d i s t i l l e d  w a te r  had b e e n  ad d ed  to  e a c h  

P e t r i  d is h ,  e a c h  o f  the la t t e r  w e r e  m a r k e d  an d  q u ic k ly  p la c e d  

a lo n g  w ith  the c o n t r o l ,  e i t h e r  in  one o f  the s e v e r a l  in c u b a to r s  

u s e d  in  th is  s tu d y , o r  l e f t  a t  r o o m  t e m p e r a t u r e .  A t  r o o m  t e m ­

p e r a t u r e ,  the P e t r i  d i s h e s  co n ta in in g  th e  s l i d e s  w e r e  in c u b a te d  

in  l a r g e  f in g e r  b o w ls  to w h ic h  en ou gh  w a te r  w a s  a d d ed  to m a i n ­

ta in  a h ig h  r e l a t i v e  h u m id ity  (P la te  2 ) .  The t e m p e r a t u r e s  u s e d  

in  th is  s tu d y  w e r e :  R o o m  t e m p e r a t u r e ,  2 2 °  C .,  2 4 °  C . ,  2 6°  C . ,

2 8 °  C. an d  3 0°  C.

M eth o d  and T im e  I n te r v a ls  U s e d  
in  M akin g  C ounts

In the c a s e  o f  C la d o s p o r iu m  c u c u m e r in u m  the s u s p e n ­

s io n s  w e r e  c h e c k e d  fo r  g e r m in a t io n  a s  fo l lo w s :  The f i r s t  co u n t



P la t e  2



w a s  m a d e  12 h o u r s  a f te r  the s t a r t  o f  th e  e x p e r im e n t ,  the  s e c ­

ond c o u n t  w a s  m a d e  a f te r  24 h o u r s ,  the  th ird  a f t e r  48 h o u r s  

and the fo u r th  a f t e r  72 h o u r s .  F o r  M o n il in ia  f r u c t i c o l a  the  

f i r s t  c o u n t  w a s  m a d e  a f te r  12 h o u r s ,  th e  s e c o n d  in  24 h o u r s ,  

the th ir d  in  48  h o u r s  and th e  fo u r th  in  72 h o u r s .  The c o u n ts  

fo r  R a m u la r ia  s p .  w e r e  m a d e  s o o n e r  and at s h o r t e r  i n t e r v a l s  

b e c a u s e  th is  o r g a n i s m  g e r m in a t e d  m o r e  q u ick ly  th an  the p r e ­

v io u s  o n e s .  T h e  co u n ts  w e r e  m a d e  at 3, 6, 9, 12 , and 48  h o u r s .  

The c o u n ts  fo r  B o t r y t i s  c i n e r e a  w e r e  m a d e  a f t e r  9, 18, 36 and  

72 h o u r s .

To f a c i l i t a t e  co u n tin g ,  a s p e c ia l  g r id  e y e p i e c e  w a s  u s e d  

in  the m i c r o s c o p e .  A  to ta l  o f  25 h ig h - p o w e r  f i e l d s  w e r e  c o u n ted  

in  e a c h  o f  the tw o  d ro p s  p e r  s l id e  g iv in g  a to ta l  o f  50 h ig h -  

p o w e r  f i e l d s  p e r  s l id e .  E a c h  e x p e r i m e n t  w a s  r e p l i c a t e d  10 

t i m e s .

H u m id ity  T e s t s

S p o r e  s u s p e n s io n s  w e r e  p r e p a r e d  a s  p r e v i o u s l y  m e n t io n e d  

but in s t e a d  of b e in g  p la c e d  upon  the s p e c i a l  s l i d e  in  l iq u id  f o r m  

a s  in  th e  p r e v i o u s  e x p e r i m e n t s ,  e a c h  s u s p e n s io n  w a s  s p r a y e d  

onto  th e  c l e a n  s t e r i l e  s l id e  b y  m e a n s  o f  a s m a l l  h a n d -o p e r a te d
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De V i lb is  N o .  15 a t o m iz e r ,  c o m m o n ly  u s e d  f o r  n a s a l  s p r a y s  

(P la te  3). A n a t te m p t  w a s  m a d e  to  s p r a y  e a c h  s l id e  u n i f o r m ly  

b y  s p r a y in g  e a c h  5 t i m e s ,  h o ld in g  th e  n o z z l e  6 in c h e s  f r o m  

the s l id e  s u r f a c e .  T h is  r e s u l t e d  in  what a p p e a r e d  to  be a  

u n ifo r m  s p r a y  w ith  a g o o d  d is tr ib u t io n  of th e  s p o r e s  on  e a c h  

c o v e r  g l a s s .  The s l i d e s  w e r e  th en  a l lo w e d  to a ir  d r y  f o l l o w ­

ing w h ic h  th e y  w e r e  p la c e d  in an a i r - t i g h t  g l a s s - c o v e r e d  c h a m ­

b e r  (P la te  3), the  l i d  o f  w h ic h  w a s  s e a l e d  w ith  m a s k in g  ta p e .

To m a in ta in  e a c h  o f  the v a r io u s  h u m id i t ie s  a c c u r a t e ly ,  a s p e ­

c i f i c  c h e m ic a l  w a s  p la c e d  in  e a c h  c h a m b e r  and  the c h a m b e r  

w a s  p la c e d  in  an in c u b a to r  o f  the r ig h t  t e m p e r a t u r e .  The  

r e s u l t s  of t h e s e  e x p e r i m e n t s  w e r e  c h e c k e d  a s  in  th e  p r e v io u s  

e x p e r i m e n t s ,  n a m e ly ,  c o u n ts  w e r e  m a d e  of th e  to ta l  n u m b e r  

of s p o r e s  g e r m in a t e d  p e r  h ig h - p o w e r  f i e ld  a s  c o m p a r e d  to the  

to ta l  u n g e r m in a te d  s p o r e s :  The c o u n ts  w e r e  m ad e  a t  the s a m e

t im e  in t e r v a l s  m e n t io n e d  p r e v i o u s l y .

W ash in g  E x p e r im e n ts

R e c a l l in g  the p r o c e d u r e  o f  p r e p a r in g  e a c h  s l id e  w ith  

i t s  s p o r e  s u s p e n s io n s  i t  w i l l  be n o t e d  that n o t  a l l  o f  the l iq u id  

s p o r e  s u s p e n s io n  w a s  u se d ;  m o s t  o f  i t  r e m a in e d  in  the c e n tr i fu g e



P l a t e  3
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tu b e s .  E a c h  c e n tr i fu g e  tube w a s  c a r e f u l ly  m a r k e d  and p la c e d  

in  the s a m e  in c u b a to r  w ith  th e  s l i d e s .  A f t e r  the f in a l  co u n ts  

w e r e  m a d e ,  the l o w e s t  c o n c e n t r a t io n  o f  A c t i - d io n e  w h ic h  c o m ­

p le t e l y  in h ib ite d  g e r m in a t io n ,  p lu s  the n e x t  lo w e r  c o n c e n t r a ­

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

c e n tr i fu g e  tu b e s  co n ta in in g  th e  l iq u id  s p o r e  s u s p e n s io n s  that  

w e r e  in h ib ite d  b y  the A c t i - d io n e ,  w e r e  r e m o v e d  f r o m  the i n ­

cu b a to r  and e a c h  s u s p e n s io n  w a s  c h e c k e d  m i c r o s c o p i c a l l y  fo r  

e v id e n c e  of g e r m in a t io n ,  th en  if  the  e v id e n c e  c o r r e l a t e d  w ith  

the r e s u l t s  o b ta in e d  f r o m  the  s l i d e s  the s p o r e  s u s p e n s io n s  w e r e  

c a r e f u l ly  d e c a n te d .  To e a c h  c e n tr i fu g e  tube 5 m l .  o f  s t e r i l e  

d i s t i l l e d  w a te r  w a s  added  arid the tu b e s  w e r e  r o l l e d  in  the  

p a lm s  of the h ands a s  in  the p r e v i o u s  e x p e r i m e n t s .  T h is  w a s  

done to  d i s p e r s e  the s p o r e s  th ro u g h  the w a te r  so  that a s  m u c h  

of the A c t i - d io n e  c o u ld  be w a s h e d  o ff  a s  p o s s i b l e .  The tu b e s  

w e r e  a g a in  c e n tr i fu g e d  fo r  2 m in u te s ,  the  l iq u id  w a s  d e c a n te d  

and the p r o c e s s  w a s  r e p e a t e d  5 t im e s ;  e a c h  t im e  u s in g  f r e s h  

w a t e r .  T he s p o r e s  w e r e  th en  r e s u s p e n d e d  in  5 m l .  o f  the n u ­

t r ie n t  b r o th  s t im u la n t  and p la c e d  on  c l e a n  s l i d e s ,  in  s t e r i l e  

P e t r i  d i s h  c h a m b e r s  and th e n  p la c e d  b a c k  in to  the in cu b a to r  

f r o m  w h ic h  th e y  w e r e  o r i g in a l ly  ta k e n .  T h e s e  w e r e  th en  c h e c k e d
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fo r  g e r m in a t io n  a s  in  the  p r e v i o u s  e x p e r i m e n t s  and a t  th e  s a m e  

i n t e r v a l s .

pH E x p e r i m e n t s

A  n u m b e r  of e x p e r i m e n t s  w e r e  c o n d u c te d  in v o lv in g  a 

stu d y  to  d e t e r m in e  the e f f e c t  th at  A c t i - d io n e  w ould  h a v e  on  

the g e r m in a t io n  o f  s p o r e s ,  i f  the  l iq u id  m e d iu m  in  w h ic h  the  

sp o res  w e r e  s u s p e n d e d  v a r i e d  in  h y d r o g e n  io n  c o n c e n tr a t io n .  

F iv e  d i f f e r e n t  pH  v a lu e s  w e r e  a r b i t r a r i l y  c h o s e n :  pH  6 .8 ,

6 .0 ,  5 .0 ,  4 .0 ,  and 3 .0 .  E a c h  e x p e r i m e n t  w a s  p r e p a r e d  a s  p r e ­

v io u s ly  d e s c r i b e d  and c o n d u c te d  a t  e a c h  of the t e m p e r a t u r e s  

a s  s ta t e d  p r e v i o u s l y .  P r i o r  to c o u n tin g  th e  r e s u l t s  o f  g e r m ­

in a t io n  on  the s l i d e s ,  the  pH  w a s  c a r e f u l ly  m e a s u r e d  b y  u s e  of  

a B e c k m a n  pH  m e t e r ,  and a n y  ch a n g e  in  pH  v a lu e  o f  the m e ­

d iu m  w a s  r e c o r d e d .



E X P E R IM E N T A L  R E S U L T S

In p r e s e n t in g  the r e s u l t s  o f  t h i s  in v e s t ig a t io n ,  b o th  t a b le s  

and g r a p h s  w e r e  u s e d .  The t a b le s  sh o w  the  e x a c t  p e r c e n t a g e  

o f  in h ib it io n  o b ta in ed  w h en  s p o r e  s u s p e n s io n s  of e a c h  o r g a n is m  

w e r e  e x p o s e d  to the v a r io u s  c o n c e n tr a t io n s  o f  A c t i - d io n e  w h ich  

had  b e e n  a d ju s te d  to  pH  v a lu e s  of 6 .8 ,  6 .0 ,  5 .0 ,  4 .0  and 3 .0  

u n der  the fo l lo w in g  t e m p e r a t u r e s :  2 2 ° ,  2 4 ° ,  2 6 ° ,  2 8 ° ,  and 30°

C. E a c h  ta b le  w a s  th en  p r e s e n t e d  in  a g r a p h  in  o r d e r  to  d e m ­

o n s tr a te  m o r e  c l e a r l y  the e n t ir e  p ic t u r e  f o r  e a c h  o r g a n i s m  as  

i t  w a s  a f f e c t e d  b y  A c t i - d io n e  u n der  the  f a c t o r s  m e n t io n e d  ab o v e .  

In ad d it ion  to th is ,  data  o b ta in e d  f r o m  the h u m id ity  e x p e r im e n t s ,  

a r e  p r e s e n t e d  in  ta b u la r  and g ra p h ic  f o r m .

It w i l l  b e  n o te d  that a l o g a r i t h m ic  s c a l e  g r a p h  p a p e r  

w a s  u s e d  f o r  the c o n c e n tr a t io n s  of the  A c t i - d io n e ,  thus i t  b e ­

c a m e  n e c e s s a r y  to in d ic a te  the r e s u l t s  o f  the c o n t r o ls  in  w hat  

m a y  be c o n s id e r e d  an u n o r th o d o x  m e th o d .  The c o n t r o l s  h ave  

b e e n  p la c e d  on the e x t r e m e  l e f t  s id e  o f  e a c h  c h a r t ,  n e x t  to the 

o r d in a te .  T h is  w a s  done so  that a c o m p a r i s o n  c o u ld  be e a s i l y  

m a d e  b e t w e e n  the c o n t r o l s  and  e a c h  c o n c e n tr a t io n  of A c t i - d io n e
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u s e d .  T he c o n c e n t r a t io n s  of A c t i - d io n e  a r e  e x p r e s s e d  in  p a r t s  

p e r  m i l l i o n  and a r e  h e r e a f t e r  d e s ig n a t e d  b y  the a b b r e v ia t io n  

p .p .m .

It w i l l  be n o te d  th at  the r e s u l t s  o f  th r e e  e n v ir o n m e n ta l  

f a c t o r s  a r e  p r e s e n t e d  in  th is  t h e s i s .  A  n u m b e r  of o th e r  e n ­

v ir o n m e n ta l  f a c t o r s  w e r e  s tu d ie d  and r e s u l t s  w e r e  o b ta in e d  a s  

s ta te d  u n d e r  the h e a d in g  M a t e r ia l s  and M e th o d s .  T h e s e  a r e  

not p r e s e n t e d  h e r e .  T h e o th e r  e n v ir o n m e n ta l  f a c t o r s  co u ld  

n ot e a s i l y  b e  c o n t r o l l e d  in  the f i e l d  and w o u ld  thus  be of no  

d ir e c t  p r a c t i c a l  v a lu e .  In v ie w  of th is  f a c t  i t  w a s  d e c id e d  to  

m e n t io n  t h e s e  r e s u l t s  b r i e f l y  h e r e  and p e r h a p s  p u b l i s h  th e m  

a s  a s e p a r a t e  p a p e r  at a l a t e r  d a te .

D i r e c t  I m m e r s i o n  E x p e r i m e n t s  

C la d o s p o r iu m  C u c u m e r in u m

In T a b le  I a r e  sh o w n  the r e s u l t s  o b ta in e d  w ith  s p o r e s  

of C la d o s p o r iu m  c u c u m e r in u m  e x p o s e d  to s o lu t io n s  o f  A c t i - d io n e  

p r e v i o u s l y  a d ju s te d  to the fo l lo w in g  pH  c o n c e n tr a t io n s :  6 .8 ,  6 .0 ,

5 .0 ,  4 .0  and 3 .0 .  T h e s e  pH  v a lu e s  in  e a c h  c o n c e n tr a t io n  of 

A c t i - d io n e  w e r e  e x p o s e d  to e a c h  o f  th e  fo l lo w in g  t e m p e r a t u r e s :



24

T A B L E  I

INH IBITIO N  O F  S P O R E  G E R M IN A T IO N  O F  C L A D O SPO R IU M  
C U C U M E R IN U M  BY  D I F F E R E N T  C O N C E N T R A T IO N S  O F  

A C T I-D IO N E  A T  F IV E  D I F F E R E N T  T E M P E R A T U R E S  
A N D  F IV E  H Y D R O G E N  ION C O N C E N T R A T IO N S

T e m ­
p e r a ­
t u r e s  
(°  C.)

C o n c e n ­
t r a t io n  of  
A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e  o f  In h ib it ion

pH
3.0

pH
4.0

PH
5.0

PH
6.0

PH
6.8

0 .0 N o 6 2 .5 5 3 3 .9 3 5 .22 4 .6 5
0 .5 G e r ­ 7 4 .0 2 5 0 .0 0 2 3 .1 6 8.00
2 .5 m i n a ­ 89 .41 6 0 .1 8 28.01 16.33

22 5.0 t io n 9 5 .0 4 6 5 .1 8 36.31 19 .64
10 .0 100 .00 8 2 .0 0 7 9 .9 8 75 .56
2 5 .0 100 .00 100 .00 100 .00 100 .00
50 .0 100 .00 1 0 0 .00 100 .00 100 .00

0 .0 N o 70 .32 5 3 .1 0 18 .00 17 .83
0 .5 G e r ­ 6 1 .0 9 4 4 .7 7 12 .03 10.90
2 .5 m i n a ­ 77 .33 4 0 .3 5 2 7 .1 4 24 .96

24 5,0 t io n 88.81 4 8 .7 0 54.01 61.21
10.0 100 .00 7 6 .5 8 72.11 81 .92
25 .0 1 0 0 .00 9 8 .2 0 100 .00 100 .00
50 .0 100 .00 1 0 0 .00 100 .00 100 .00

0 .0  N o 4 3 .1 0  2 8 .8 3  10 .10  8 .59
0 .5  G e r -  5 5 .0 0  4 7 .3 2  1 6 .1 8  12 .69
2 .5  m in a -  6 2 .1 3  6 6 .9 6  4 2 .0 0  34 .38

26 5 .0  t ion  7 5 .1 3  7 2 .0 7  6 1 ,2 2  58 .78
10 .0  8 4 .1 0  8 7 .3 9  8 9 .4 2  91 .72
2 5 .0  9 6 .1 2  9 6 .4 6  9 8 .1 2  100.00
50 .0  100 .0 0  1 0 0 .0 0  1 0 0 .00  100.00



T A B L E  I (C ontinued)
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T e m -  
p e r a -  
t u r e s
(° c.)

C o n c e n ­
tr a t io n  of  

A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e  of In h ib it io n

PH
3.0

PH
4.0

PH
5.0

PH
6 .0

PH
6.8

0 .0 N o 87 .00 5 6 .8 8 38 .00 4 5 .2 3
0 .5 G e r ­ 8 9 .2 3 5 7 .8 0 4 7 .0 0 48 .01
2 .5 m i n a ­ 9 5 .1 6 7 9 .1 3 6 2 .6 5 5 7 .3 2

28 5 .0 t io n 98 .02 8 6 .3 6 73.51 6 8 .7 6
10 .0 100 .0 0 100 .0 0 100 .0 0 100 .0 0
2 5 .0 100 .0 0 1 0 0 .0 0 100 .0 0 100 .0 0
5 0 .0 100 .00 1 00 .0 0 1 0 0 .0 0 100 .0 0

0 .0 No 97 .13 8 6 .2 4 51 .21 60.31
0 .5 G e r ­ 91 .06 74 .55 6 2 .1 4 6 6 .5 6
2 .5 m i n a ­ 98.71 78 .57 74 .31 7 3 .3 3

30 5 .0 t io n 100 .0 0 9 4 .5 5 88 .91 8 5 .1 5
10.0 100 .0 0 100 .00 1 0 0 .0 0 100 .00
2 5 .0 100 .00 100 .0 0 1 0 0 .00 100 .0 0
50 .0 100 .00 100 .00 1 0 0 .0 0 100 .00
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2 2 °  C .,  2 4 °  C ., 2 6 °  C .,  and 3 0 °  C. T he r e s u l t s  o f  T able  I 

h a v e  b e e n  p lo t te d  on s e m i - l o g a r i t h m i c  g r a p h  p a p e r  ( F ig u r e s  

1, 2, 3, 4 ).

It m u s t  be p o in te d  out that in  a n u m b e r  o f  c a s e s  the  

c o n c e n tr a t io n  o f  A c t i - d io n e  w h ic h  p r e v e n t e d  g e r m in a t io n  o f  

s p o r e s  a f t e r  12 h o u r s  w a s  in s u f f i c i e n t  to  m a in ta in  that i n h ib i ­

t io n  a f t e r  24 h o u r s  and in  s o m e  c a s e s  a f te r  48  h o u r s .  N o  

ch a n g e  w a s  n o ted , h o w e v e r ,  a f t e r  72 h o u r s  in a n y  c a s e .  It 

a l s o  m a y  b e  n o ted  th at  c o m p le te  in h ib it io n  w a s  o b ta in e d  a t

50 .0  p .p .m .  in  a l l  c a s e s ,  r e g a r d l e s s  o f  t e m p e r a t u r e  o r  pH  c o n -  

. c e n tr a t io n .  In c e r t a in  c a s e s  it  a p p e a r s  that b o th  t e m p e r a t u r e  

and pH  w e r e  in f lu e n t ia l  in  the c o m p le te  in h ib it io n  o f  s p o r e  

g e r m in a t io n  at lo w e r  c o n c e n tr a t io n s  o f  A c t i - d i o n e .  A t pH  6 .8  

(F ig u r e  I) in h ib it io n  w a s  g r e a t e s t  at 3 0 °  C. at a l l  c o n c e n tr a t io n s  

o f  A c t i - d io n e  and p r o g r e s s i v e l y  l e s s e n e d  w ith  the  drop in  t e m ­

p e r a t u r e .  A n e x c e p t io n  to th is  i s  o b s e r v e d  at o n ly  two p o in ts

o , o
w ith  t e m p e r a t u r e s  o f  24 C. and 26 C. It s h o u ld  a l s o  be  

p o in te d  ou t that a d e f in ite  s t im u la t io n  w a s  o b s e r v e d  in 0 .5  

p .p .m .  a t  2 4 °  C. a s  c o m p a r e d  to the c o n tr o l .  A t  pH  6.0 ( F i g ­

u re  2) the s a m e  p a t t e r n  o f  in h ib it io n  i s  o b s e r v e d  a s  in  the  

p r e v io u s  c a s e  e x c e p t  f o r  the f a c t  that a h ig h e r  p e r c e n t  of
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in h ib it io n  w a s  o b ta in e d  at 0 .5  p .p .m .  at 2 2 °  C. than a t  2 4 °  C.

and 2 6 °  C. a s  w a s  the c a s e  at pH 6 .8 .  A l s o  an a n o m a ly  to

the g e n e r a l  p a t t e r n  of p r o g r e s s i v e l y  l o w e r e d  in h ib it io n  a s  the

te m p e r a t u r e  i s  l o w e r e d  m a y  be o b s e r v e d  b e t w e e n  t e m p e r a t u r e s

2 2 °  C .,  2 4 °  C. and  26°  C., in s t e a d  o f  24° C . and 2 6 °  C. a s  in

the p r e v i o u s  c a s e - - p H  6 .8 .  A s  in th e  p r e v i o u s  c a s e  h e r e

o
a g a in  s t im u la t io n  o c c u r r e d  in  0 .5  p .p . m .  a t  25  C. a s  c o m p a r e d

to the c o n tr o l .  A t  pH 5.0 (F ig u r e  3) A c t i - d io n e  w a s  m o r e  e f -

o o
f e c t i v e  a t  22 C. th an  at 24 C. A l s o ,  a s l i g h t  s t im u la t io n  w a s

o b s e r v e d  in  0 .5  p .p .m .  and 2 .5  p .p . m .  at 2 5 °  C ., and  in  0 .5  

p .p .m .  a t  3 0 °  C. a s  c o m p a r e d  to th e  c o n tr o l .  A t  pH  4 .0  ( F i g ­

u r e  4) i t  w i l l  be  n o te d  th a t  in h ib it io n  at 2 2 °  C. w a s  g r e a t e r  

o . o
th an  at 24 C. o r  26  C. A  s t im u la t io n  w a s  o b s e r v e d  in  0 .5  

°  °p .p .m .  a t  30 C. and  24 C. and a t  th e  l a t t e r  it  w a s  g r e a t e r  

o
than at 26 C. In s u m m a t io n  it  m a y  be s a i d  that a s  the pH

o oc o n c e n tr a t io n  w a s  lo w e r e d ,  22 C. a n d  24 C . b e c a m e  m o r e  

e f f e c t iv e  t e m p e r a t u r e s  a s  a fa c to r  in  in h ib it io n .  N o g e r m i n a ­

t io n  o c c u r r e d  at pH  3.0 a t  an y  t r e a t m e n t  in c lu d in g  the c o n tr o l ,  

thus no r e s u l t s  c o u ld  be p r e s e n t e d .

i
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In F i g u r e s  5, 6 ,  7, 8, and  9 d a ta  a r e  p r e s e n t e d  to sh o w  

the r e la t io n s h ip  b e t w e e n  the pH  c o n c e n t r a t io n s  in  r e l a t io n  to  

c o n s ta n t  t e m p e r a t u r e s .

A t  2 2 °  C. the g e n e r a l  p a t te r n  a p p e a r s  to be th at  in h ib i ­

t io n  p r o g r e s s i v e l y  i n c r e a s e s  w ith  the lo w e r i n g  o f  pH  c o n c e n t r a ­

t io n .  A t 2 4 °  C. the s a m e  g e n e r a l  p a t t e r n  p r e v a i l s  e x c e p t  that  

a s l ig h t  s t im u la t io n  in  g e r m in a t io n  i s  n o te d  in  0 .5  p .p .m .  at  

a l l  pH  c o n c e n t r a t io n s .  A  fu r th e r  s t im u la t io n  of g e r m in a t io n  

i s  n o te d  in  2 .5  p .p .m .  at pH 5 .0 .  A l s o  at h ig h e r  c o n c e n t r a ­

t io n s  than 2 .5  p .p .m .  m o r e  in h ib it io n  i s  n o te d  at pH 6 .8  than

6.0 or  5 .0 .  A s  we p r o c e e d  to  26°  C. i t  i s  n o te d  th at  pH 6 .8  

not o n ly  s u p e r c e d e s  p H  6.0 and  5.0 a s  in the p r e v i o u s  c a s e ,  

but pH 4 .0  a s  w e l l .  p H  4 .0  and  5 .0 e x c h a n g e  p o s i t io n s  in  d e ­

g r e e s  of in h ib it io n  s e v e r a l  t i m e s  b e tw e e n  0 .5  p .p .m .  and 50 .0  

p .p .m .  O th e r w is e ,  h e r e  a l s o ,  w e  n o te  the g e n e r a l  p a t te r n  d e ­

s c r ib e d  p r e v i o u s ly .  A t  28°  C. th e r e  a p p e a r s  no s ig n i f ic a n t  d i f ­

f e r e n c e  f r o m  the p r e v io u s  f i g u r e s  e x c e p t  f o r  the a b s e n c e  of  

s t im u la t io n  in  g e r m in a t io n  and  a d e f in ite  t e n d e n c y  to w a r d  a 

h ig h e r  d e g r e e  of in h ib it io n  in  a l l  c o n c e n t r a t io n s  of A c t i - d io n e  

and at a l l  pH  l e v e l s .  A ls o  to b e  n o t ic e d  i s  the  la c k  of p o s i t io n  

e x c h a n g e  in  d e g r e e  o f  in h ib it io n  b y  the  v a r io u s  g ra p h  l i n e s  of
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the pH v a lu e s ,  e x c e p t  f o r  a m in o r  a n o m a ly  o c c u r r in g  in  0 .5  

p .p .m .  b e tw e e n  p H  6 .8  an d  p H  6 .0 .  A t  3 0 °  C. the h ig h e s t  t e m ­

p e r a t u r e  in th is  s e r i e s ,  th e  g e n e r a l  p a t t e r n  p r e v a i l s  e x c e p t  in  

0 .5  p .p .m .  w h e r e  pH 6 .8  r e s u l t s  in  h ig h e r  in h ib it io n  than pH 6 .0 .  

It m u s t  a l s o  b e  m e n t io n e d  th at  h e r e  A c t i - d io n e  h a s  a t ta in ed  i t s  

g r e a t e s t  e f f e c t  in  th is  s e r i e s  o f  e x p e r i m e n t s .  N o te ,  th at  to ta l  

in h ib it io n  o f  g e r m in a t io n  h a s  ta k en  p la c e  a t  10 p .p .m .  fo r  a l l  

pH  v a lu e s  e x c e p t  pH 4 .0  w h o s e  m a x im u m  le th a l  e f f e c t  i s  a t ­

ta in e d  in  5 .0 p .p . m .  o f  A c t i - d i o n e .

B o t r y t i s  C in e r e a

The e x p e r im e n t a l  r e s u l t s  o b ta in e d  w ith  th is  o r g a n i s m  

a r e  quite  v a r ia b le  f r o m  o n e  t e m p e r a t u r e  to a n o th er  and b e tw e e n  

pH  v a lu e s .  T h e r e  s e e m s  to be no g e n e r a l  p a t te r n  that c o u ld  

b e e a s i l y  d e s c r ib e d ,  e x c e p t  that A c t i - d io n e  d e f in i t e ly  s t im u la t e s  

th e  g e r m in a t io n  of B o t r y t i s  s p o r e s  a t  c e r t a in  c o n c e n tr a t io n s ,  

t e m p e r a t u r e s  an d  pH. T h e  r e s u l t s  of th is  in v e s t ig a t io n  sh ow  

s t im u la t io n  in  e v e r y  s in g le  e x p e r im e n t .  A s  w a s  th e  c a s e  w ith  

M. f r u c t i c o la ,  w h a t  a p p e a r e d  to b e  c o m p le t e  in h ib it io n  at a g iven  

c o n c e n tr a t io n  a f t e r  12 h o u r s  tu r n e d  out to  be o n ly  t e m p o r a r y  

in h ib it io n .  U s u a l ly  at th e  s e c o n d  count, a f t e r  24 h o u r s ,  th e r e
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w a s  a n y w h e r e  f r o m  t r a c e  to c o n s id e r a b le  g e r m in a t io n  w h ic h  

c o n t in u ed  a s  lo n g  a s  72 h o u r s .  N o  fu r th e r  ch a n g e  w a s  n o te d  

a f te r  72 h o u r s  u n d e r  any  c i r c u m s t a n c e s .

pH  3 .0 .  A t th is  v e r y  lo w  h y d r o g e n  ion  c o n c e n tr a t io n

o
A c t i - d io n e  w a s  m o s t  e f f e c t iv e  a t  30 C. and l e a s t  e f f e c t i v e  at 

2 6 °  C. (F ig u r e  10). A t  0 .5  p .p . m .  at 3 0 °  C. i t  w a s  l e s s  e f f e c ­

t iv e  than  at an y  of the o th e r  t e m p e r a t u r e ^ . H o w e v e r ,  i t s  e f -  

o
f i c a c y  at 30 C. w a s  s u p e r io r  to the o t h e r  t e m p e r a t u r e s  at

5.0 p .p .m .  A t  1 0 .0  p .p .m . ,  h o w e v e r ,  t h e r e  w a s  a s tr o n g  r e d u c ­

t ion  o f  in h ib it io n  of g e r m in a t io n .  The n e x t  m o s t  e f f e c t i v e  t e m ­

p e r a tu r e  at th e  l o w e r  c o n c e n t r a t io n s  of A c t i - d io n e  w a s  th a t  

w h ich  r e s u l t e d  in  the p o o r e s t  in h ib it io n  a t  the h ig h e r  c o n c e n ­

t r a t io n s ,  2 6 °  C. A t the lo w e r  c o n c e n t r a t io n s ,  i . e . ,  b e tw e e n  

0 .5  p .p .m .  and 2 5 .0  p .p .m .  the n e x t  t e m p e r a t u r e  in  d e s c e n d in g  

o r d e r  o f  in h ib it io n  i s  2 2 °  C. w h ic h  b e c o m e s  in f e r i o r  to 2 8  C. 

at 2 .5  p .p .m .  but a g a in  s u p e r io r  to  i t  a t  25 .0  p .p .m .  and r e m a in s  

in  th i s  p o s i t i o n  up to 7 5 .0  p .p . m .  At 24  C. A c t i - d io n e  w a s  s u ­

p e r i o r  to b o th  2 2 °  C. and 2 8 °  C . a lth o u g h  on ly  s l ig h t ly .  A l l  

g r a p h  l i n e s  m e e t  a t  7 5 .0  p .p .m .  e x c e p t  26 C. w h o s e  p e a k  p e r ­

f o r m a n c e  i s  a t  1 0 0 .0  p .p .m .  N o  d e f in ite  p a t te r n  i s  e v id e n t  in  

the r e s u l t s  o b ta in e d  f r o m  the c o n tr o l  e x p e r i m e n t s .
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A s  w a s  m e n t io n e d  a b o v e  and w ith  M. f r u c t i c o l a , no c o n ­

c e n tr a t io n  w a s  s u f f i c ie n t  to c o m p l e t e l y  in h ib it  the g e r m in a t io n  

of the B o t r y t i s  s p o r e s  e x c e p t  1 0 0 .0  p .p .m .  A t  10.0  p .p .m .  

th e r e  w a s  no g e r m in a t io n  a f te r  12 h o u r s  but d e f in ite  g e r m in a t io n  

did o c c u r  b e f o r e  the 2 4 -h o u r  co u n t  a n d  co n t in u e d  to i n c r e a s e  up 

to 48 h o u r s .

N ote  the s l ig h t  s t im u la t o r y  e f f e c t  o f  A c t i - d i o n e  at 0 .5

o o o
p .p .m .  o v e r  th e  c o n tr o l ,  at 22 C .,  28  C. an d  30 C. and th e  .

o
s l ig h t  s t im u la t io n  at 2 .5  p .p .m .  a t  22 C. A  m o r e  p r o n o u n c e d  

s t im u la t io n  o c c u r s  at 5 .0  p .p .m .  a t  2 8 °  C. w h i le  the m o s t  p r o ­

n o u n c ed  o c c u r r e d  at 2 5 .0  p .p .m .  a t  2 8 °  C.

S p o r e s  o f  th is  o r g a n i s m ,  i m m e r s e d  in  c o n c e n tr a t io n s  of  

A c t i - d io n e  w h ic h  w e r e  too  to x ic  to a l l o w  g e r m in a t io n ,  a f te r  48  

h o u r s  a p p e a r e d  v e r y  sh r u n k e n ,  and s o m e w h a t  d i r t y - y e l lo w  in  

c o lo r .

A ls o  of i n t e r e s t  w a s  the a p p e a r a n c e  o f  the g e r m  tu b e s  

in  c o n c e n tr a t io n s  a l lo w in g  g e r m in a t io n .  A f t e r  48 h o u r s  a l a r g e  

p e r c e n ta g e  o f  th e m  w o u ld  b e c o m e  d i s c o l o r e d  and e x t r e m e l y  

g r a n u la r ,  tak in g  on a s o m e w h a t  dark  y e l lo w is h - b r o w n  a p p e a r ­

a n c e .  If a l lo w e d  to r e m a i n  in  the A c t i - d io n e  s o lu t io n  a f te r  92 

h o u rs  m o s t  o f  t h e s e  w o u ld  s h r in k  and  c u r l  in  a " z i g - z a g "  f o r m .
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pH  4 .0 .  C o m p le te  in h ib it io n  w a s  a t ta in e d  at 75 .0  p .p .m .

o
w ith  a l l  t e m p e r a t u r e s  e x c e p t  26 C . ,  at th e  la t t e r ,  c o m p le te

in h ib it io n  w a s  at 100 .0  p .p .m .  ( F ig u r e  11). T h ere  w a s  s t im u -

o o o „ o
la t io n  at 0 .5  p .p .m .  at t e m p e r a t u r e s  of 22 , 24 , 28  and 30

C. a s  c o m p a r e d  to the c o n t r o l s .  A l s o  n o te  the a b s e n c e  of the

v e r y  m a r k e d  s t im u la t o r y  e f f e c t s  a s  e x h ib i te d  in  the p r e v io u s

c a s e  (F ig u r e  10). The g r e a t e s t  a m o u n t  of s t im u la t io n  w a s  a t

o o
0 .5  p .p .m .  at 30 C .,  f o l l o w e d  b y  24  C. a t  5 .0  p .p .m .

Of n o te w o r th y  w i t h e r e s t  i s  the  f a c t  th at a s  in  the p r e v i o u s  

pH, the u n g e r m in a te d  s p o r e s  a p p e a r e d  v e r y  d i s t o r t e d  and c o n ­

s id e r a b ly  sh ru n k en  in s i z e  a s  c o m p a r e d  to the u n g e r m in a te d  

s p o r e s  in  the c o n t r o l s .  T he g e r m  tu b e s  a l s o  sh o w e d  the s a m e  

p a t te r n  of c h a n g e s  a s  p r e v i o u s l y  d e s c r ib e d .

pH  5 .0 .  T he m o s t  s ig n i f ic a n t  d i f f e r e n c e  at th i s  h y d r o g e n  

io n  c o n c e n tr a t io n  w a s  the fa c t  th a t  a l l  of th e  t e m p e r a t u r e s  

e x e r t e d  t h e ir  g r e a t e s t  in f lu e n c e  a t  75.0  p .p .m .  (F ig u r e  12), and  

th e r e  a r e  no s tr o n g  s t im u la t o r y  e f f e c t s  a s  p r e v i o u s ly .  S l ig h t  

s t im u la t io n ,  h o w e v e r ,  w a s  p r e s e n t  in the c a s e  o f  e v e r y  t e m p e r ­

a tu re  th ou gh  e a c h  m a y  h a v e  v a r i e d  a s  to th e  A c t i - d io n e  c o n c e n ­

tr a t io n  a t  w h ic h  the s t im u la t io n  w a s  n o ted .  A t 0 .5  p .p .m .  A c t i -  

d ion e e x h ib ite d  s t im u la t io n s  of g e r m in a t io n  at a l l  t e m p e r a t u r e s .
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S t im u l a t i o n  a l s o  o c c u r r e d  a t  5.0 p . p . m .  e x c e p t  in  t h e  c a s e  o f

2 2 °  C ., 2 6 °  C ., 2 8 °  C. and 3 0 °  C. A n o th er  d i f f e r e n c e  f r o m

the p r e v io u s  pH w a s  that 2 6 °  C. w a s  s u p e r io r ,  in  i t s  in h ib it io n ,

o
to a l l  of th e  o th er  t e m p e r a t u r e s ,  in s t e a d  o f  30 C. a s  in the  

p r e v io u s  tw o  c a s e s .  An a d d it io n a l  i t e m  of i n t e r e s t  w a s  to b e

fou n d  in th e  c o n tr o l  r e s u l t s .  At t h i s  pH th e  h ig h e s t  p e r c e n t a g e

o o
of  g e r m in a t io n  w a s  at 22 C. and th e  l o w e s t  at 30 C. w h e r e a s

in  the p r e v i o u s  c o n t r o l s  2 4 °  C. g a v e  the b e s t  g e r m in a t io n  an d

2 2 °  C. the p o o r e s t .  It i s  in t e r e s t i n g  to p o in t  out th a t  a lth ou gh

o o
in  the c o n tr o l ,  24 C. and 30 C. w e r e  q u ite  p o o r  m  g e r m i n a ­

t io n ,  so  w e r e  the t r e a t m e n t s  at t h o s e  t e m p e r a t u r e s  p o o r e s t  in  

in h ib it in g  g e r m in a t io n .

A s  d e s c r i b e d  p r e v i o u s ly ,  th e  s p o r e s  in  the c o n c e n t r a ­

t io n s  too h ig h  to a l lo w  g e r m in a t io n  b e h a v e d  in  the s a m e  p a t ­

t e r n .  T he b rea k d o w n  of g e r m  t u b e s  o c c u r r e d  h e r e  a fter  92 

h o u r s  but n o t  at 72 h o u r s .  The o n ly  d i f f e r e n c e  n o te d  h e r e  w a s  

th at  the am ou n t o f  b r e a k d o w n  w a s  s o m e w h a t  lowe^r. No a c tu a l  

cou n t w a s  m a d e  o f  th is ,  o n ly  a g e n e r a l  e s t im a t e  b y  an o v e r - a l l  

in s p e c t io n  of 25 o r  m o r e  m i c r o s c o p i c  f i e l d s .
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pH  6 .0 .  T he p r in c ip a l  d i f f e r e n c e  a t  th is  pH f r o m  a ll  

p r e v io u s  c o n c e n t r a t io n s  l i e s  in  the f a c t  th at  m o s t  e f f e c t i v e  c o n ­

c e n tr a t io n  o f  A c t i - d io n e  f o r  the m a j o r i t y  o f  the t e m p e r a t u r e s  

u s e d  in  th is  s tu d y  w a s  100 p .p .m .  T h ir ty  d e g r e e s  c e n t ig r a d e

w a s  a s  in  p r e v i o u s  t e s t s ,  one  o f  the  m o s t  e f f e c t i v e  t e m p e r a -

o
t u r e s ,  w ith  pH  6.0 i t  w a s  in f e r io r  o n ly  to 28 C . and th e n  o n ly

at the h ig h e r  c o n c e n t r a t io n s  of t h e ir  r a n g e .  S t im u la t io n  at 0 .5

o o
p .p .m .  o c c u r r e d  o n ly  a t  24 C. and 28 C.

A s  in  a l l  p r e v io u s  e x p e r i m e n t s ,  d i s t o r t io n  of u n g e r m i ­

n a te d  s p o r e s  w a s  e v id e n t  in  c o n c e n tr a t io n s  of A c t i - d io n e  too  

to x ic  to a l lo w  g e r m in a t io n  (T a b le  II). T he am o u n t  of d i s t o r t io n ,  

h o w e v e r ,  w a s  e v e n  l e s s  than  in the p r e v i o u s  c a s e .

pH 6 .8 .  A t  th i s ,  the  h ig h e s t  h y d r o g e n  io n  c o n c e n tr a t io n  

u s e d  in  th is  s tu d y , th e r e  s e e m s  to b e  the  l e a s t  am o u n t  o f  a n o ­

m a ly  in  the p a t te r n  o f  b e h a v io r  b e tw e e n  pH v a lu e s  a s  e x h ib ite d  

by  the r e s u l t s  (F ig u r e  14). S t im u la t io n  of g e r m in a t io n  a t  0 ,5  

p .p .m .  o c c u r r e d  at 2 2 °  C ., 2 4 °  C ., and 2 6 °  C. A  m a r k e d  

am o u n t of s t im u la t io n  o c c u r r e d  in  2 .5  p .p .m .  at 2 6 °  C. and  

a s l ig h t  am ou n t at 2 4 °  C. F u r t h e r m o r e ,  a d e f in ite  r e d u c t io n  

of in h ib it io n  o c c u r r e d  in  2 5 .0  p .p .m .  at 2 2 °  C. and 30 C. One  

p r in c ip a l  d i f f e r e n c e  b e tw e e n  th is  pH  and a l l  o f  the p r e v io u s
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T A BLE II

INH IBITION O F S P O R E  G E R M IN A T IO N  O F  B O T R Y T IS  
C IN E R E A  BY D I F F E R E N T  C O N C E N T R A T IO N S O F  

A C T I-D IO N E  A T  F IV E  D I F F E R E N T  T E M P E R A ­
T U R E S A N D  F IV E  H Y D R O G E N  ION  

C O N C E N T R A T IO N S

T e m ­
p e r a ­
t u r e s  
(°  C.)

C o n c e n ­
tr a t io n  of  
A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e of In h ib it ion

pH
3.0

pH
4 .0

pH
5.0

PH
6.0

PH
6.8

C o n tro l 19.81 2 2 .0 3 1 .77 11.11 20 .22
0 .5 13 .42 15.11 0 .0 0 13 .02 0 .5 5
2 .5 11 .73 19 .20 15 .74 26 .50 7.01
5.0 14 .83 2 0 .0 2 2 2 .1 2 11 .93 35 .00

22 10.0 18.61 29 .50 32 .48 4 2 .1 0 5 7 .8 4
25 .0 11 .75 2 3 .1 2 30 .00 38 .00 4 3 .3 2
50 .0 28 .20 4 2 .4 8 58 .02 6 9 .9 8 78 .00
75 .0 100 .00 100 .00 70 .50 84 .00 86 .00

1.00.0 100 .00 100 .0 0  100 .00 100 .00 100 .00

C o n tro l 6 .3 6 10 .00 11.71 9.01 2 6 .2 2
0 .5 11 .43 9 .13 10 .62 5 .18 12.61
2 .5 11.01 15 .43 18 .00 8.00 10 .53
5.0 15 .05 5 .26 7 .00 18 .73 17 .72

24 10.0 16 .04 5 .9 3 9 .52 36.. 72 5 3 .0 3
25 .0 8.11 37.01 4 3 .9 7 52 .00 3 9 .0 4
50 .0 29 .91 64.51 69.81 6 1 .3 4 76 .33
75.0 100 ,00 100 .00 100 .00 82 .20 83.01

100 .0 100 .00 100 .00 100 .00 100 .00 100 .00



TA BLE II (Continued)

T e m ­
p e r a ­
tu r e s
(° c.)

C o n c e n ­
tr a t io n  of  

A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e  o f  In h ib it ion

pH
3.0

pH
4 .0

pH
5.0

PH
6.0

PH
6 .8

C on tro l 8 .0 2 1 0 .0 0 1 0 .0 3 2 4 .1 2 3 0 .7 3
0 .5 1 4 .4 2 1 2 .0 5 0 .0 0 30.01 26 .61
2 .5 2 1 .8 6 2 4 .3 2 2 9 .1 3 3 8 .0 0 1 3 .7 6
5 .0 2 7 .9 2 2 9 .8 5 3 1 .4 5 4 1 .3 3 2 6 .5 9

26 10.0 2 2 .8 7 2 4 .1 3 5 5 .3 3 5 5 ,5 0 4 6 .6 9
’ 25 .0 1 2 .8 5 2 0 .0 9 74 .00 6 7 .0 2 6 6 .5 9

50 .0 1 5 .5 7 3 6 .2 2 9 3 .9 9 7 4 .0 0 9 1 .2 2
75.0 6 2 .0 0 78 .31 100 .00 81 .11 9 5 .1 0

100 .0 1 0 0 .0 0 1 0 0 .0 0 100 .00 1 0 0 .0 0 1 0 0 .00

C o n tro l 10 .71 1 0 .5 0 12 .00 2 5 .0 4 3 0 .9 8
0 .5 9 .4 3 7 .8 5 4 .0 4 2 2 .2 2 4 1 .2 6
2.5 2 4 .3 0 26 .51 2 1 .1 2 2 1 .9 3 3 5 .1 7
5.0 14.41 2 0 .9 3 1 9 .4 7 3 2 .0 0 29 .51

28 10.0 1 9 .2 7 3 4 .7 7 2 6 .5 5 4 1 .5 9 4 3 .4 3
25 .0  ' 5 .2 2 9 .1 4 6 1 .1 3 5 7 .1 6 6 8 .0 0
50 .0 2 5 .6 6 6 5 .6 6 7 4 .5 3 8 3 .0 5 8 4 .2 2
75.0 100 .0 0 1 0 0 .0 0 100 .0 0 1 0 0 .0 0 1 0 0 .0 0

IOO.O 1 0 0 .0 0 1 0 0 .0 0 100 .00 1 00 .0 0 1 0 0 .00

C o n tro l 9 .4 8 1 2 .5 2 14.41  . 2 7 .0 0 2 7 .0 3
0 .5 5 .01 2 .2 8 0 .0 0 3 4 .2 4 60 .71
2 .5 21 .01 1 9 .1 7 18 .02 32.01 5 0 .8 8
5.0 6 6 .0 4 17 .00 14 .79 4 3 .9 6 4 0 .0 9

30 10.0 2 4 .3 2 2 4 .3 0 2 1 .0 3 5 8 .7 5 6 2 .8 6
25 .0 63 .11 5 9 .0 0 5 2 .1 6 6 9 .1 3 7 8 .3 8
50.0 9 2 .7 9 78 .41 7 2 .8 9 7 0 .4 4 1 0 0 .00
75.0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .00 1 00 .0 0 1 0 0 .0 0

100 .0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .00 1 00 .0 0 1 0 0 .00
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H -io n  c o n c e n tr a t io n s  w a s  that the m a x im u m  a m o u n t  o f  in h ib i ­

tion  w a s  at 4 d i f f e r e n t  c o n c e n tr a t io n s  o f  A c t i - d io n e  in s t e a d  of

o
1 and 2 d i f f e r e n t  c o n c e n t r a t io n s .  At 30 C. the  m a x im u m  

a m ou n t of in h ib it io n  w a s  at 5 0 .0  p .p .m . ,  the m a x im u m  at 2 8 °

C. w a s  at 7 5 .0  p .p .m .  and a l l  o th e r  t e m p e r a t u r e s  r e q u ir e  100 .0  

p .p .m .  to  c o m p le t e ly  in h ib it  th e  g e r m in a t io n  o f  B o t r y t i s  s p o r e s .

D is t o r t io n  of s p o r e s  and  d i s in t e g r a t io n  of g e r m  tube c y ­

t o p la s m  a ls o  o c c u r r e d  h e r e  b u t in the  l e a s t  a m o u n t  w h e n  c o m ­

p a r e d  w ith  the o th er  pH  t r e a t m e n t s .  G e r m in a t io n  c o n t in u e d  to  

i n c r e a s e  up to the 7 2 -h o u r  co u n t  (T a b le  II).

F i g u r e s  15, 16 , 17, 18 and 19 p r e s e n t  the s a m e  data  

d i s c u s s e d  a b o v e  but in  a d i f f e r e n t  l ig h t .  T he a t te m p t  i s  m a d e  

to s h o w  the r e l a t io n s h i p s  and d i f f e r e n c e s  b e t w e e n  e a c h  pH  v a lu e  

at e a c h  of the t e m p e r a t u r e s  u s e d  in  t h i s  s tu d y .

o
T e m p e r a tu r e ,  22 C. A t  th is  t e m p e r a t u r e  t h e r e  w a s  a 

s t im u la t o r y  e f f e c t  o f  A c t i - d i o n e  in 0 .5  p .p .m .  a t  e v e r y  pH  e x ­

cep t  6 .0 .  T h e  l a r g e s t  am o u n t  of s t im u la t io n  w a s  in  0 .5  p .p .m .  

at p H  5 f o l l o w e d  by pH  4 .0 .  A ls o  to be n o te d  i s  the  s t i m u l a ­

tion  o f  g e r m in a t io n  in  25 p .p .m .  at p H  3 .0 .  F r o m  5 .0  p .p .m .  

and h ig h e r  th e  am ou nt of in h ib it io n  a t  h y d r o g e n  io n  c o n c e n t r a ­

t io n s  o f  6 .8 ,  6 .0  and 5 .0  a l m o s t  p a r a l l e l  e a c h  o th er  u n t i l  at
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F ig u r e  17. B o tr y t is  c in e r e a
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1 0 0 .0  p .p .m .  to ta l  in h ib it io n  w a s  th e  r e s u l t ,  fo r  a l l  t h r e e .  T o ­

ta l in h ib i t io n  of g e r m in a t io n  w a s  a t  75 .0  p .p .m .  a t  pH  4 .0  and

3 .0 .

T e m p e r a tu r e  2 4 °  C . The b e s t  r e s u l t s  in  in h ib it in g  the  

g e r m in a t io n  o f  B o t r y t i s  s p o r e s  w e r e  at pH 6 .8  a t  a lm o s t  e v e r y  

c o n c e n tr a t io n  of A c t i - d io n e  up to 50 .0  p .p .m .  (F ig u r e  16). The

n e x t  b e s t  pH  v a lu e ,  a c c o r d in g  to the r e s u l t s ,  w a s  pH 5 .0 .  T h r e e

of the  l i n e s  r e p r e s e n t i n g  h y d r o g e n  ion  c o n c e n tr a t io n s  m e e t  at

75 .0  p .p .m .  and the o th e r  two m e e t  at 100 .0  p .p .m .  in d ica t in g  

the m a x im u m  am o u n t of in h ib it io n .

D e f in ite  s t im u la t io n  o c c u r r e d  in  0 ,5  p . p j n .  at e v e r y  pH  

e x c e p t  3 .0 .  A t  pH  6 .8  th e r e  w a s  e v id e n t  a v e r y  m a r k e d  s t i m ­

u la t io n  at 0 .5  p .p .m .  o f  A c t i - d i o n e .  T h e r e  w e r e  the s l ig h t  r e ­

d u c t io n s  o f  in h ib i to r y  e f f e c t  in  2 .5  p .p .m .  at pH  6 .8 ,  and in

5 .0  p .p .m .  a t  pH 4 .0  and 5 .0 .  A l s o  to be n o te d  i s  the c o m ­

p le t e  a b s e n c e  of s t im u la t io n  at pH  6 .0 .

T e m p e r a t u r e  2 6 °  C . The g r e a t e s t  d i f f e r e n c e  a t  th is  

t e m p e r a t u r e  i s  the  w id e  v a r ia t io n  in  c o n c e n tr a t io n s  of A c t i -  

d io n e  r e q u ir e d  in  e f f e c t in g  30% o r  m o r e  in h ib it io n ,  e . g . ,  at pH

6.0  o n ly  0 .5  p .p .m .  o f  A c t i - d io n e  w e r e  r e q u ir e d ,  to in h ib it  30%



58

of the s p o r e s  a s  c o m p a r e d  to a p p r o x im a t e ly  6 2 .0  p .p .m .  r e q u ir e d  

at pH 3 .0 .

A  s l ig h t  s t im u la t io n  o c c u r r e d  at pH  6.8 in  Q.5 p .p .m .  

and a m a r k e d  s t im u la t io n  at pH  5 .0  in th e  s a m e  c o n c e n tr a t io n  

of  A c t i - d io n e .  In fa c t  the l in e  r e p r e s e n t i n g  pH 5 .0  (F ig u r e  17), 

in d ic a te d  0% in h ib it io n  o r  to ta l  g e r m in a t io n .  A l s o  a s ig n i f ic a n t  

am ou n t of r e d u c t io n  of in h ib it io n  in  2 5 .0  p .p .m .  of A c t i -d io n e  

at the pH  c o n c e n tr a t io n s  of 4 .0  and 3 .0 .  A l l  b u t  one o f  the pH  

g ra p h  l i n e s  t e r m in a te  at 100 p .p .m .;  pH  6.0 i s  th e  on ly  l in e  

t e r m in a t in g  at 75 .0  p .p .m .  of A c t i - d io n e  c o n c e n tr a t io n .

T e m p e r a tu r e  2 8 °  C. T he p r in c ip a l  d i f f e r e n c e  b e tw e e n  

th is  and  the p r e v io u s  t e m p e r a t u r e  i s  th a t  a ll  pH  graph  l i n e s  

t e r m in a te  at 7 5 .0  p .p .m .  (F ig u r e  18). A l s o  a h ig h e r  p e r c e n t a g e  

of in h ib it io n  w a s  found at pH 6 .8  than p r e v i o u s l y  in 0 .5  p .p .m .  

The s t im u la t io n  of g e r m in a t io n  in  0 .5  p .p .m .  o f  A c t i - d io n e  w e r e  

at the h y d r o g e n  ion  c o n c e n tr a t io n  of 3 .0 ,  4 .0 ,  5 .0 ,  and 6 .0 .  In 

a d d it io n  th e r e  w a s  a m a r k e d  r e d u c t io n  o f  in h ib it io n  o c c u r r in g  

at 5 .0  p .p .m .  at e v e r y  pH  but on e  and th e r e  w a s  s t im u la t io n  

at 2 5 .0  p .p .m .  at pH 4 .0  and p H  3 .0 .  A c t i - d io n e  w a s  m o s t  e f ­

f e c t i v e  h e r e  at pH  6 .8  a s  in  the  p r e v i o u s  r e s u l t s .



59

o
T e m p e r a tu r e  30 C . A s  n o te d  in  the th r e e  p r e v io u s  e x ­

p e r i m e n t s ,  the  r e s u l t s  o f  the c o n t r o l s  p a r a l l e l  e a c h  o th e r  in  

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

t ion  w a s  o b s e r v e d  a t  pH  3.0 and  the l e a s t  at pH  6 .8 .  The r e ­

s u l t s  o f  a l l  o th e r  pH v a lu e s  fo l lo w e d  in  s e q u e n c e .

O th er  than the s i m i l a r i t y  in  th e  c o n tr o l  r e s u l t s ,  the  

g e n e r a l  p a t t e r n  of b e h a v io r  w a s  s i m i l a r  at th is  pH  c o n c e n t r a ­

tion  to  the p r e v io u s  o n e .  A n o th e r  e x c e p t io n  to b e  n o te d  w a s  

the a b s e n c e  o f  the m a r k e d  s t im u la t io n s  o c c u r r in g  in  2 5 .0  p .p .m  

of A c t i - d io n e .

M o n il in ia  F r u c t i c o la

The g e n e r a l  te n d e n c y ,  in  the c a s e  of th is  o r g a n is m ,  w a s

an i n c r e a s e  o f  in h ib it io n  a s  the pH c o n c e n tr a t io n  o f  the A c t i -

d ione  w a s  i n c r e a s e d .  F u r t h e r m o r e ,  w ith  on ly  on e  e x c e p t io n ,

o
pH 5 .0 ,  the m o s t  e f f e c t iv e  t e m p e r a t u r e  w as  30 C.

pH 3 . 0 . A t pH  3 .0 ,  A c t i - d io n e  a p p e a r e d  to  b e  m o s t  e f ­

f e c t i v e  at a c o n c e n tr a t io n  o f  10.0  p .p .m .  at 3 0 °  C. (F ig u r e  20) .  

(F ig u r e  20 ) ,  It w a s  e q u a l ly  e f f e c t iv e  in  it s  p r o p e r t i e s  o f  i n ­

h ib it io n  at th e  t e m p e r a t u r e s  u s e d ,  b u t  a t  a m u c h  h ig h e r  c o n ­

c e n tr a t io n .  Of c o n s id e r a b le  in t e r e s t  w a s  the o b s e r v a t io n  that
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th e  in t e r n a l  s t r u c tu r e  o f  a l l  the g e r m in a t e d  s p o r e s  a p p e a r e d  to  

b e  d i s in t e g r a t e d  and u n o r g a n iz e d .  The c y t o p la s m  w ith in  the  

s p o r e s  an d  th e ir  g e r m  tu b e s  c h a n g e d  f r o m  a r a th e r  c l e a r  h y ­

a l in e  s t r u c t u r e  to a d ir ty ,  p a l e - y e l l o w  c o l o r  and b e c a m e  e x ­

t r e m e l y  g r a n u la r .  The s a m e  m o r p h o lo g ic a l  p ic t u r e  p lu s  c o n ­

s id e r a b le  s h r iv e l in g  w a s  p r e s e n t  in  the u n g e r m in a te d  s p o r e s  at  

the  h ig h e r  c o n c e n tr a t io n s  of A c t i - d io n e  w h e r e  no g e r m in a t io n  

w a s  p r e s e n t  at a l l .  T he w a l ls  o f  th e s e  s p o r e s  a p p e a r e d  to 

h a v e  c o l la p s e d ,  r e s u l t in g  in a v e r y  ro u g h  o u t lin e  o f  th e  s p o r e s .  

In a d d it io n  to th e  a b o v e - m e n t io n e d  c y t o p la s m ic  c h a n g e s ,  c o n ­

s id e r a b le  d i s t o r t io n  w a s  e v id e n t  in  the g e r m  tu b e s .  T h e y  w e r e ,  

in  m a n y  c a s e s ,  s tu n ted , and s o m e w h a t  b lu n t  and th ick .  In o t h ­

e r s ,  the  in d iv id u a l  g e r m  tube w a s  c u r le d  in  a h e l i c a l  m a n n e r .  

T h is  d i s in t e g r a t io n  w a s  p r e s e n t  o n ly  in  s p o r e s  in c u b a te d  at 

3 0 °  C. an d  in  c o n c e n tr a t io n s  of A c t i - d io n e  of 2 .5  p .p .m .  and  

h ig h e r .  Of a d d it io n a l  i n t e r e s t  w a s  the s t im u la t io n  o c c u r r in g  

at 0 .5  p .p .m .  a t  e v e r y  t e m p e r a t u r e  e x c e p t  28 C. A t th is  t e m ­

p e r a t u r e  on ly  a m i ld  r e d u c t io n  o f  in h ib it io n  o c c u r r e d  in  5.0 and

10.0  p .p .m .  at 2 6 °  C. a v e r y  m a r k e d  s t im u la t io n  w a s  n o te d  at
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A t the t im e  o f  the f i r s t  co u n t ,  a f t e r  12 h o u r s ,  no g e r m ­

in a t io n  h a d  o c c u r r e d  in  5 ,0  p .p .m .  a p p e a r in g  a s  th ou gh  th is  c o n ­

c e n tr a t io n  w a s  too  to x ic  to  a l lo w  a n y  g e r m in a t io n  to  take p l a c e .  

The s p o r e s  w e r e  l e f t  u n d is tu r b e d ,  h o w e v e r ,  in  t h e ir  so lu t io n  

and a t  th e  p r o p e r  t e m p e r a t u r e  fo r  a s  lon g  a s  72 h o u r s .  W hen  

the s e c o n d  count w a s  m a d e  a f te r  24  h o u r s ,  d e f in ite  g e r m in a t io n  

had  r e s u l t e d  (F ig u r e  20). T he p e r c e n t a g e  o f  g e r m in a t io n  c o n ­

t in u ed  to i n c r e a s e  in  m o s t  c a s e s  up to 48  h o u r s ,  b u t  no fu r th e r  

i n c r e a s e  w a s  n o ted  a f ter  4 8  h o u r s .

pH  4 .0 .  The g e n e r a l  p a t t e r n  of b e h a v io r  h e r e  (F ig u r e  

21),  w a s  s i m i l a r  to  that a t  pH 3 .0  e x c e p t  fo r  the c o m p le te  a b ­

s e n c e  o f  the c y t o p la s m ic  b r e a k d o w n .  T he d is to r t io n  of the g e r m  

tu b es  w h ic h  w a s  d e s c r ib e d  p r e v i o u s l y  w a s  p r e s e n t ,  h o w e v e r ,  to  

the s a m e  e x te n t  in  the s a m e  c o n c e n tr a t io n s  at 3 0 °  C. No d i s ­

to r t io n s  w e r e  n o te d  at a n y  c o n c e n tr a t io n  o f  the l o w e r  t e m p e r ­

a t u r e s .  The g e r m in a te d  s p o r e s  a t  c o n c e n tr a t io n s  h ig h e r  th an  

2 .5  p .p .m . ,  h o w e v e r ,  had  g e r m  tu b e s  that w e r e  v e r y  sh o r t  a s  

c o m p a r e d  w ith  the g e r m in a t e d  s p o r e s  o f  th e  c o n t r o l s .  In th e  

lo w e r  c o n c e n tr a t io n s  and the c o n t r o l s ,  the  u n g e r m in a te d  s p o r e s  

e s p e c i a l l y  in  c o n c e n tr a t io n s  above  5 .0  p .p .m .  a p p e a r e d  c o n s i d ­

e r a b ly  sh ru n k en  o r  s h r iv e l e d .  No g e r m in a t io n  had  o c c u r r e d  in
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5.0  p .p .m .  a f t e r  12 h o u r s  b u t  on fu r th e r  in c u b a t io n  s o m e  g e r m ­

in a t io n  d id  o c c u r ,  v a r y in g  in  e x te n t  a c c o r d in g  to th e  t e m p e r a ­

tu r e .

pH  5 .0 .  In th is  pH  c o n c e n tr a t io n  t h e r e  w a s  a d e f in ite  

d e p a r tu r e  f r o m  th e  g e n e r a l  p a t te r n  e x h ib i te d  above  in  th a t  A c t i -  

dione w a s  m o r e  in h ib ito r y  a t  the lo w e r  c o n c e n tr a t io n s  and the 

s t im u la t io n  of g e r m in a t io n  w h ic h  n o r m a l l y  o c c u r r e d  at 0 .5  

p .p .m .  in  the  p r e v i o u s  tw o c a s e s ,  w a s  n ow  found a t  2 .5  p .p .m .  

(F ig u r e  22 ) .  In h ib it io n  o f  g e r m in a t io n  w a s  c o n s id e r a b ly  h ig h er  

in  0 .5  p .p .m .  than  in  the p r e v io u s  two c a s e s .  T h e r e  w a s  no  

s t im u la t io n  in  0 .5  p .p .m .  o v e r  the c o n t r o l s .  F u r t h e r m o r e ,  it  

a p p e a r s  th a t  the m o s t  in h ib it io n  w a s  at 2 8 °  C. in  10.0  p .p .m .  

in s t e a d  o f  at 3 0 °  C. a s  p r e v i o u s l y .  • The m y c e l i u m  p r e s e n t  in  

A c t i - d io n e  c o n c e n tr a t io n s  above  2 .5  p .p .m .  w e r e  v e r y  s h o r t  but 

n o t  a s  s h o r t  a s  a t  pH 4 .0 .  The s p o r e s  w h ic h  f a i l e d  to g e r m i ­

n a te  in  A c t i - d io n e  c o n c e n tr a t io n s  h ig h e r  than  5 .0  p .p .m .  a p ­

p e a r e d  s l ig h t ly  s h r iv e l e d  but not to  the e x te n t  th e y  w e r e  at  

pH  3.0 o r  pH 4 .0 .

W hen th e  f i r s t  co u n t  w a s  m a d e ,  a f t e r  12 h o u r s ,  no  g e r m ­

in a t io n  had  a p p e a r e d  in  5 .0  p .p .m .  so  i t  w a s  b e l i e v e d  th at  th is  

c o n c e n tr a t io n  w a s  too  t o x ic  fo r  a n y  g e r m in a t io n .  T w e lv e  h ou rs
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l a t e r ,  h o w e v e r ,  d e f in ite  g e r m in a t io n  a f t e r  12 and 24  h o u r s  c o n ­

tin u ed  u n til  48 h o u r s .  N o  fu r th e r  i n c r e a s e  co u ld  be  d e te c te d  

b y  cou n tin g  a f te r  48 h o u r s .

pH  6.0; A t  th is  pH  c o n c e n tr a t io n ,  the g e n e r a l  p a t te r n  

d e s c r ib e d  e a r l i e r  s t i l l  h o ld s  t r u e .  C o n s id e r a b ly  h ig h e r  in h ib i ­

t io n  i s  a tta in ed  a t  the lo w e r  c o n c e n t r a t io n s  of A c t i - d io n e  w hich  

at the lo w e r  pH  v a lu e s  w e r e  n o t  v e r y  e f f e c t i v e .  In h ib it ion  of 

g e r m in a t io n  at 3 0 °  C. in  0 .5  p .p .m .  s t a r t s  at 62.18%  a s  c o m ­

p a r e d  to m u ch  lo w e r  p e r c e n t a g e s  at the l o w e r  pH  v a lu e s .  The 

s a m e  d e g r e e  o f  in h ib it io n  h o ld s  tru e  a t  the o th e r  t e m p e r a t u r e s .

N ote  th e  s l ig h t  r e d u c t io n  of in h ib it io n  w h ic h  o c c u r r e d  at 2 .5  

o o
p .p .m .  at 22 C. and 24  C. A l s o  to b e  m e n t io n e d  is  the  fa c t  

that w h a t  h as  b e e n  s a id  p r e v i o u s l y  ab ou t the g e r m in a t io n  p a t te r n  

at 5.0 p .p .m .  h o ld s  tr u e  in  th is  c a s e .  D is t o r t io n  of g e r m  tu b es  

w a s  a b s e n t  but the s tun ting  r e m a in e d  to l e s s e r  d e g r e e .  In o th e r  

w o r d s  the g e r m in a te d  s p o r e s ,  in  c o n c e n tr a t io n s  h ig h e r  than  2 .5  

p .p .m . ,  had s h o r t ,  g e r m  tu b es  b u t  lo n g e r  than th o se  of th e  s a m e  

A c t i - d io n e  c o n c e n tr a t io n  at lo w e r  pH v a l u e s .  G e r m in a t io n  of  

s p o r e s  co n t in u ed  to i n c r e a s e  up to 48 h o u r s  in  a l l  c o n c e n t r a ­

t io n s  and at e v e r y  t e m p e r a t u r e .  The t w e lv e - h o u r  cou n t w a s  

z e r o  a t  5.0 p .p .m .  but g e r m in a t io n  did o c c u r  l a t e r  and c o n t in u ed



to i n c r e a s e  in  the p a t t e r n  d e s c r ib e d  p r e v i o u s ly .  A t  2 6 °  C. and  

2 8 °  C . the r e s u l t s  of th e  c o n tr o l  w e r e  id e n t ic a l .

pH 6 .8 .  C o n tr a r y  to the  p r e v a i l in g  c o n c e p t ,  th a t  A c t i -  

d io n e  i s  m o s t  e f f e c t i v e  at the lo w e r  h y d r o g e n  ion  c o n c e n t r a t io n s ,  

we n o te ,  h e r e  a t  a pH  v a lu e  v e r y  c l o s e  to n e u tr a l i t y  th at  it  i s  

m o s t  e f f e c t iv e  in  a l l  t e m p e r a t u r e s  and c o n c e n tr a t io n s .  E x c e p t  

fo r  th is ,  the  p a t t e r n  o f  b e h a v io r  w a s  v e r y  s i m i l a r  to  that at  

pH 6 .0 .

A g a in  th e r e  i s  a b s e n c e  o f  s t im u la t io n  a t  0 .5  p .p .m .  e x ­

h ib i te d  e a r l i e r  and the d e f in ite  r e d u c t io n  of in h ib it io n  at 2.5  

p .p .m .  at t h r e e  d i f f e r e n t  t e m p e r a t u r e s .

F i g u r e s  25 , 26 , 27, 28 and 29 p r e s e n t  the s a m e  data  

d i s c u s s e d  p r e v i o u s ly ,  but in  a m a n n e r  to s h o w  the r e l a t io n ­

sh ip  or  d i f f e r e n c e  in  e f f e c t  of the p H  c o n c e n tr a t io n s  u s e d  in  

th is  in v e s t ig a t io n .

T e m p e r a tu r e  2 2 °  C . R e s u l t s  show n in  F ig u r e  25 w i l l  

r e a d i ly  s u b s ta n t ia te  th e  fa c t  s ta te d  e a r l i e r  th at  A c t i -d io n e  w a s  

m o s t  e f f e c t iv e  a g a in s t  the s p o r e s  o f  M. f r u c t i c o la  a t  pH 6.8  

fo l lo w e d  by pH  6 .0 ,  5 .0 ,  4 .0  and 3 .0 .  To be  n o ted  i s  the s l ig h t  

s t im u la t io n  at 2 .5  p .p .m .  a t  a l l  pH l e v e l s  e x c e p t  pH  3 .0 .  H o w ev e
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that a t  th is  t e m p e r a t u r e ,  a l l  pH  v a lu e s  r e a c h e d  t h e ir  m a x im u m  

e f f e c t  a t  2 5 .0  p .p .m .  A l s o  to b e  n o te d  i s  the  a l l ig n m e n t  of the  

c o n tr o l  r e s u l t s  a s  c o m p a r e d  to the t r e a t m e n t s .

T e m p e r a tu r e  2 4 °  C . A g a in ,  A c t i - d io n e  i s  m o s t  e f f e c t iv e  

at pH 6 .8  ( F ig u r e  26 ) .  E x c e p t  f o r  the v e r y  m a r k e d  s t im u la t io n  

of g e r m in a t io n  at 2 .5  p .p .m .  a t  pH  6 .8  and the r e a r r a n g e m e n t  

o f  the c o n t r o l  r e s u l t s  the p a t t e r n  o f  b e h a v io r  w a s  s i m i l a r  to  

the p r e v i o u s  (F ig u r e  25) .  A l l  pH v a lu e s  c o n v e r g e  at 2 5 .0  p .p .m .  

in d ic a t in g  m a x im u m  in h ib it io n .  A l s o  th e  l in e  r e p r e s e n t i n g  pH  

6 .8  c r o s s e s  pH  v a lu e s  6 .0  and 5 .0  at tw o d i f f e r e n t  p o in t s  o f  

c o n c e n tr a t io n .  The l in e  r e p r e s e n t i n g  pH 4 .0  c r o s s e s  pH  3.0  

and in d ic a t e s  l e s s  e f f e c t  o r  s i m i l a r  e f f e c t  a s  pH  3 .0  but at  

h ig h e r  c o n c e n t r a t io n s  o f  A c t i - d i o n e .

T e m p e r a t u r e  2 6 °  C. The pH v a lu e  of 6 .8  in d ic a t e s  m a x ­

im u m  e f f e c t  f o l lo w e d  in  s e q u e n c e  b y  pH 6 .0 ,  5 .0 ,  4 .0 ,  and 3.0  

(F ig u r e  27 ) .  A s  in  th e  p r e v i o u s  t e s t s ,  the c o n tr o l  r e s u l t s  do 

not f o l lo w  the  p a t te r n  o f  the t r e a t m e n t s .  T h ere  w a s  an  a b s e n c e  

of s t im u la t io n  of g e r m in a t io n  a t  p H  6 .8  and  the  p r e s e n c e  of it  

at pH  4 .0  and  pH 3.0 at 10.0 p ,p .m .  T h e r e  w a s  a l s o  a v e r y  

s l ig h t  s t im u la t io n  n o te d  at 0 .5  p .p .m .  a t  pH 3 .0 . ,  a p p r o x im a te ly
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2.00% . A l l  l i n e s  r e p r e s e n t in g  pH  v a lu e s  c o n v e r g e  a t  25 .0  

p .p .m .

T e m p e r a t u r e  2 8 °  C . The m o s t  s tr ik in g  d i f f e r e n c e  n o te d  

h e r e  i s  th a t  the g r a p h  l i n e s  do n ot  a l l  m e e t  at 2 5 .0  p .p .m .  a s  

in  the t h r e e  p r e v i o u s  e x p e r i m e n t s .  F u r t h e r m o r e  i t  a p p e a r s  

th a t  at t h i s  t e m p e r a t u r e  pH  5.0 r e a c h e d  i t s  m a x im u m  at a lo w e r  

c o n c e n t r a t io n  o f  A c t i - d io n e  than pH  6.0 a s  w a s  the c a s e  p r e v i ­

o u s ly .  A t  lo w e r  c o n c e n tr a t io n s  (2 .5  p .p .m . ) ,  h o w e v e r ,  pH 4 .0  

w a s  s u p e r io r  in  in h ib it io n  to b o th  pH  6 .8  and 5 .0 .  A t  th is  t e m ­

p e r a t u r e ,  s o m e  r e d u c t io n  of in h ib it io n  o c c u r r e d  at a l l  pH v a lu e s

e x c e p t  p H  6 .0 .  A l s o  n o te  that the s t im u la t io n  o c c u r r e d  at a

o
lo w e r  c o n c e n t r a t io n  of A c t i - d io n e  than at 26 C.

o
T e m p e r a t u r e  30 C. The p r in c ip le  d i f f e r e n c e  b e tw e e n  

th is  t e m p e r a t u r e  and  28 C. w a s  th at  a l l  pH  v a lu e s  r e a c h e d  

t h e ir  m a x im u m  e f f e c t  at 10 .0  p .p .m .  (F ig u r e  29) .  A n o th e r  d i f ­

f e r e n c e  o f  i n t e r e s t  w a s  th e  fa c t  th a t  pH 3 .0  w a s  s u p e r io r  in  

in h ib it io n  to pH 5 .0  and 4 .0 .  B o th  of the la t t e r ,  h o w e v e r ,  w e r e  

s u p e r io r  to pH 3 .0  at 0 .5  p .p .m .  A l s o  of c o n s id e r a b le  i n t e r e s t  

w a s  th e  c o m p le t e  e x c h a n g e  of p o s i t i o n s  by  pH  6 .8  and 3.0 in  

the c o n t r o l  r e s u l t s .
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TABLE III

IN H IB ITIO N  O F  S P O R E  G E R M IN A T IO N  O F  M O NILINIA  
F R U C T IC O L A  B Y  D IF F E R E N T  C O N C E N T R A T IO N S O F  
A C T I-D IO N E  A T F IV E  D I F F E R E N T  T E M P E R A T U R E S  

A N D  F IV E  H Y D R O G E N  ION C O N C E N T R A T IO N S

T e m ­
p e r a ­
t u r e s  
(° C.)

C o n c e n ­
t r a t io n  of  
A c t i - d io n e  
in p .p .m .

P e r c e n t a g e of In h ib it ion

PH
3.0

pH
4.0

pH
5.0

pH
6.0

pH
6.8

C o n tr o l 5 .26 6 .12 7 .85 8 .33 10 .2 8
0 .5 4 .6 3 23 .01 6 0 .4 8 81 .22 8 9 .7 2

9 9 2 .5 7 .84 19 .89 5 8 .2 3 77 .00 78 .57
Ct

5 .0 17 .59 3 9 .7 2 71 .32 8 4 .4 9 95 .50
10 .0 3 0 .6 3 5 4 .4 9 80 .00 89 .12 99.11
2 5 .0 100 .00 100 .00  100 .00 100 .00 100 .00

C o n tro l 10 .10 7.51 15 .15 11 .05 14 .29
0 .5 1 .89 2 6 .0 0 6 9 .8 3 73 .10 84 .40

5.0
7.21 31 .40 62 .00 6 8 .1 4 3 7 .2 7

14 .85 4 5 .8 8 6 5 .5 2 75 .02 8 1 .0 8
10 .0 7 6 .9 9 56 .4 2 7 8 .2 2 80 .12 87 .39
2 5 .0 1 0 0 .00 100 .00 100 .00 100 .00 100 .00

C o n tr o l 2 0 .1 9 18 .00 6 .50 4 .51 8 .7 7
0 .5 17 .76 20 .01 2 8 .2 5 17.69 4 3 .7 5
2 .5 4 6 .3 0 4 8 .1 9 5 6 .9 8 58 .62 64 .5 5
5.0 30 .10 35 .00 6 0 .8 8 69.31 8 3 .3 3

10 .0 9 .48 2 6 .3 3 70 .00 88 .12 90 .00
2 5 .0 100 .0 0 100 .0 0 100 .00 100 .00 100 .00
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T A BLE III (Continued)

T e m ­
p e r a ­
tu r e s  
(°  C.)

C o n c e n ­
t r a t io n  of  
A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e  of In h ib it ion

PH
3.0

pH
4 .0

pH
5.0

pH
6.0

pH
6 .8

C o n tr o l 3 .77 2 .0 3 10.91 4 .51 12.61
0 .5 5.41 19 .50 37.11 33 .40 4 2 .2 0

9  ft 2 .5 8 .49 2 2 .1 4 2 7 .1 0 4 1 .9 9 3 3 .0 3
L a O

5 .0 5 .9 4 2 1 .0 0 76.21 65 .00 8 7 .9 6
10 .0 5 .6 6 30.71 100 .00 85 .00 100 .00
2 5 .0 100 .00 100 .0 0 100 .0 0 1 0 0 .00 1 0 0 .00

C on tro l 14.81 11 .56 12 .10 6.00 6.96
0 .5 17 .92 2 3 .2 6 26.00 6 2 .1 8 6 5 .4 9

30 li5 .0
4 0 .5 7 2 8 .0 0 36 .50 83.11 8 6 .7 3
8 4 .4 0 6 0 .1 0 4 5 .2 3 91 .00 9 8 .1 8

1 0 .0 100 .00 1 0 0 .00 1 0 0 .00 100 .0 0 100 .00
2 5 .0 100 .0 0 1 0 0 .0 0 1 0 0 .00 100 .0 0 100 .0 0
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R a m u la r ia  sp .

The s p o r e s  o f  th is  o r g a n i s m  w e r e  p r e p a r e d  f o r  e a c h  

e x p e r im e n t ,  a s  p r e v i o u s l y  d e s c r i b e d  in  the s e c t io n  e n t i t le d  M a ­

t e r i a l s  and M e th o d s .  The co u n tin g ,  h o w e v e r ,  w as  m a d e  at s h o r t e r  

in t e r v a l s  th an  th o s e  u s e d  f o r  the o t h e r  o r g a n i s m s  due to the f a c t  

th at  the s p o r e s  g e r m i n a t e d  a f te r  6 h o u r s .  C o n se q u e n t ly  co u n ts  

w e r e  m a d e  a f te r  6, 12, 24  and 36 h o u r s .  A t  the en d  o f  th is  

p e r io d  co u n t in g  w a s  d is c o n t in u e d .

It sh o u ld  b e  p o in te d  out that no d is to r t io n  o r  d e s t r u c t io n  

of g e r m  tu b e s  o r  t h e ir  c y t o p la s m ic  co n ten t  o c c u r r e d  in  the e x ­

p e r i m e n t s  in v o lv in g  th is  o r g a n i s m .  In c o n c e n tr a t io n s  of 5.0  

p .p .m .  and h ig h e r ,  i t  w a s  c o n s i s t e n t l y  o b s e r v e d  that the g e r m  

tu b e s  of the  g e r m in a t e d  s p o r e s  w e r e  c o n s id e r a b ly  s h o r t e r  th an  

th o s e  of th e  c o n t r o l s .  F u r t h e r m o r e ,  th ey  a p p e a r e d  s h o r te r  in  

e a c h  s u c c e e d in g  h ig h e r  c o n c e n tr a t io n .

p H  3 .0 .  T h r e e  p e a k s  of m a x im u m  in h ib it io n  a r e  to b e  

n o te d  at t h i s  h y d r o g e n  io n  c o n c e n tr a t io n ,  th e  f i r s t  b e in g  at 5 .0  

p .p .m .  a t  a  t e m p e r a t u r e  o f  22 C .,  the  s e c o n d  at 1 0 .0  p„p.m .

at  a t e m p e r a t u r e  of 26 C . ,  and th e  th ird  a t  50.0  p .p .m .  b y  a l l

o f  the t e m p e r a t u r e s  u s e d  in  th is  in v e s t ig a t io n  (F ig u r e  30). A
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g la n c e  a t  F ig u r e  30 w i l l  q u ic k ly  r e v e a l  the a n o m a lo u s  b e h a v io r

o f  th is  o r g a n i s m  o r  the e r r a t i c  e f f e c t  o f  the A c t i - d io n e  upon

the s p o r e s  o f  th is  o r g a n i s m .  In 0 .5  p .p .m .  the s p o r e s  w e r e

m o s t  s u s c e p t i b l e  to  the to x in  at 3 0 °  C. but q u ic k ly  the p ic tu r e

c h a n g e d  and 2 8°  C . b e c a m e  the t e m p e r a t u r e  w h ic h  w a s  m o s t

e f f e c t i v e .  T h is  c h a n g e ,  h o w e v e r ,  did not p e r s i s t  s in c e  at a p -

o
p r o x i m a t e l y  3.0 p . p . m . ,  22 C. took  the le a d  and r e a c h e d  i t s

m a x im u m  in  5 .0  p .p .m .  T h is  m a r k e d  r e v e r s a l  of in h ib it io n

m a y  be  in t e r p r e t e d  a s  s t im u la t io n .  On the o th e r  hand i t  m a y

b e  a m a t t e r  of th e  to x in  h a v in g  l e s s  e f f e c t  at th at  p a r t ic u la r

c o n c e n t r a t io n  u n d e r  the g iv e n  c o n d i t io n s .  A s  one  p r o c e e d s  up

the s c a l e  o f  A c t i - d io n e  c o n c e n tr a t io n ,  i t  b e c o m e s  e v id e n t  that

o
the to x ic  e f f e c t  i s  g r e a t e s t  at 30 C.

H e r e  a l s o  a r e  tw o in s t a n c e s  of d e f in ite  s t im u la t io n  w h ic h  

o c c u r r e d  in  0 .5  p .p .m .  and  10.0  p .p .m .  at 2 4 °  C. T h is  w a s  the  

o n ly  c a s e  o f  s t im u la t io n  in  th is  e x p e r im e n t .  What h a s  b e e n  

d e s c r i b e d  above r e g a r d in g  the v a r io u s  t e m p e r a t u r e s  w h ic h  w e r e  

m o s t  e f f e c t iv e  a t  v a r io u s  c o n c e n tr a t io n s  o f  A c t i - d io n e  i s  a l s o  

tr u e  in  the  c a s e  o f  o th e r  t e m p e r a t u r e s ;  th e y  c r o s s  e a c h  o th e r

at  s e v e r a l  p l a c e s .  It i s  in t e r e s t i n g  to n ote  that in the c o n t r o l s ,

o  o
the r e s u l t s  at 24  C. and 28 C. a r e  id e n t ic a l .
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pH 4 . 0 . A s  in  the p r e c e d in g  e x p e r im e n t ,  th e r e  a r e  h e r e

t h r e e  p e a k s  o f  m a x im u m  in h ib it io n  o b s e r v e d .  The f i r s t  w a s  in

o o
5 .0  p .p .m .  a t  24 C .,  the s e c o n d  in  50 .0  p .p . m .  at 24  C. and

2 8 °  C.; fo r  th e  la t t e r  t e m p e r a t u r e  th is  r e p r e s e n t s  t o ta l  g e r m ­

in a t io n .  T he th ir d  p e a k  r e p r e s e n t s  to ta l  in h ib it io n  b y  a l l  t e m ­

p e r a t u r e s ,  e x c e p t  2 8 °  C ., in  75 p .p .m .  T he e r r a t i c  b e h a v io r  of 

the o r g a n i s m  o r  a s  p r e v i o u s l y  s ta te d  the a c t io n  of th e  tox in  

up on  the s p o r e s ,  i s  sh o w n  b y  F ig u r e  31 .

pH 5 .0 .  T he p r in c ip a l  d i f f e r e n c e  h e r e  a s  c o m p a r e d  to  

the  p r e v io u s  e x p e r i m e n t s  i s  the  f a c t  that the  m a x im u m  am ou n t  

o f  in h ib it io n  w a s  in  75 .0  p .p .m .  at a l l  t e m p e r a t u r e s  { F ig u r e  32).  

T he o n ly  p e a k  of in h ib it io n  o th e r  than  the ab o v e  i s  in  5.0 p .p .m .  

a t  2 2 °  C. w h ic h  i s  f o l l o w e d  b y  a sh a r p  r e d u c t io n  o f  in h ib ito r y  

a c t io n  at 10 .0  p .p .m .  A t th is  pH, A c t i - d io n e  w a s  m o s t  e f f e c t iv e  

a t  2 4 °  C. and 3 0 °  C. The f o r m e r  t e m p e r a t u r e  w a s  m o s t  e f ­

f e c t i v e  in  0 .5  p .p .m .  and 2 .5  p .p .m .  w h i le  the la t t e r  w a s  m o s t  

e f f e c t iv e  a t  a l l  h ig h e r  c o n c e n t r a t io n s .  N o te w o r th y  i s  the s t i m ­

u la to r y  e f f e c t  of the A c t i - d io n e  in 0 .5  p .p .m .  at 26 C .,  28 C.

and 3 0 °  C. N o  o th e r  s t im u la t io n  i s  n o te d  at any  o f  the h ig h e r  

c o n c e n t r a t io n s  of A c t i - d io n e .
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p H  6 .0 . The m o s t  s t r ik in g  d i f f e r e n c e  n o te d  h e r e  i s  the

v e r y  c o n s p ic u o u s  s o l i t a r y  p ea k  o f  in h ib it io n  a t  2 2 °  C. in  2 .5

o
p .p .m .  and th e  f a c t  th at  a t  30 C . A c t i - d io n e  i s  the l e a s t  e f ­

f e c t i v e  (F ig u r e  3 3 ) .  In c o n n e c t io n  w ith  th is  o b s e r v a t io n  i t  is

in t e r e s t i n g  th at  in  the c o n tr o l  r e s u l t s  the l e a s t  am ou n t o f  g e r m -

o o
in a t io n  o c c u r r e d  at 30 C. and th e  m o s t  a t  22 C. N o te w o r th y

i s  the a b s e n c e  of the v e r y  e r r a t i c  p a t te r n  o b s e r v e d  in  th e  p r e ­

v io u s  e x p e r i m e n t s  w ith  th is  o r g a n i s m .  T he o n ly  s t im u la t io n  o f  

sp o r e  g e r m in a t io n  o b s e r v e d  h e r e  w as  in  0 .5  p .p .m .  at 2 6 °  C.

and 3 0 °  C.

pH 6 .8 .  The m o s t  n o te w o r th y  o b s e r v a t io n  in  th is  s e r i e s  

of e x p e r i m e n t s  w a s  the v e r y  h ig h  in h ib ito r y  a c t io n  of A c t i -  

dione a t  the lo w  c o n c e n tr a t io n  o f  2.5 p .p .m .  and the im m e d ia te  

r e d u c t io n  of in h ib it io n  a t  the n e x t  h ig h e r  c o n c e n tr a t io n  u s e d - -  

2 .5  p .p .m .  A s  in  a l l  p r e v io u s  e x p e r i m e n t s ,  the  o n ly  s t i m u l a ­

to r y  a c t io n  o c c u r r e d  a t  2 6 °  C. and 30 C. in  0 .5  p .p .m .  To 

b e n o te d  i s  th e  e x t r e m e  in f lu e n c e  of t e m p e r a t u r e  upon th e  e f ­

f e c t  o f  A c t i - d io n e  in  i t s  in h ib i to r y  a c t io n  a s  d e m o n s t r a t e d  by  

the g r a p h  l in e  r e p r e s e n t in g  2 2 °  C. and an y  o f  th e  o th e r  t e m ­

p e r a t u r e s  at a n y  g iv e n  c o n c e n tr a t io n  o f  A c t i - d io n e .
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F i g u r e s  35, 36 , 37, 38 and 39 p r e s e n t  the s a m e  data  

d i s c u s s e d  a b o v e  but in  a d i f f e r e n t  m a n n e r .  T he a t te m p t  i s  m a d e  

to s h o w  the r e l a t io n s h i p s  and d i f f e r e n c e s  b e tw e e n  e a c h  pH v a lu e  

at e a c h  of th e  t e m p e r a t u r e s  u s e d  in  t h i s  s tu d y .

o
T e m p e r a tu r e  22  C . H e r e  th e r e  a r e  s t im u la t o r y  e f f e c t s  

of A c t i - d io n e  in  0 .5  p .p .m .  at e v e r y  h y d r o g e n  io n  c o n c e n tr a t io n  

e x c e p t  6 .0 .  T he l a r g e s t  a m o u n t  of s t im u la t io n  i s  in  0 .5  p .p .m .  

at pH  5 f o l lo w e d  b y  pH  4 .0 .  A l s o  to b e  n o ted  i s  the  s t i m u l a ­

t io n  o f  g e r m in a t io n  in  25 .0  p .p .m .  at e a c h  and e v e r y  h y d ro g en  

io n  c o n c e n tr a t io n .  F r o m  5.0 p .p .m .  and  h ig h e r  the am ou n t of  

in h ib it io n  at h y d r o g e n  io n  c o n c e n tr a t io n s  o f  6 .8 ,  5 .0  and 5.0  

a l m o s t  p a r a l l e l  e a c h  o th e r  u n t i l  at 1 0 0 .0  p .p .m .  to ta l  in h ib it io n  

a r e  th e  r e s u l t s  fo r  a l l  th r e e .  T o ta l  in h ib it io n  o f  g e r m in a t io n  

w a s  a t  75 .0  p .p .m .  a t  pH 4 .0  and 3 .0 .

T e m p e r a tu r e  2 4 °  C. T he b e s t  r e s u l t s  in  in h ib it in g  the  

g e r m in a t io n  of s p o r e s  w e r e  a t ta in e d  a t  pH  6 .8  a lm o s t  at e v e r y  

c o n c e n t r a t io n  o f  A c t i - d io n e  up to 50 .0  p .p .m .  (F ig u r e  36). T he  

n e x t  b e s t  p H  v a lu e ,  a c c o r d in g  to the r e s u l t s ,  w a s  pH  5 .0 .  T h r e e  

of  the  l i n e s  r e p r e s e n t i n g  h y d r o g e n  io n  c o n c e n t r a t io n s  m e e t  at

7 5 .0  p .p .m .  to in d ic a te  the m a x im u m  a m o u n t  o f  in h ib it io n  and  

the o th e r  tw o  m e e t  a t  100 .0  p .p .m .
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D e f in i t e  s t im u la t io n  o c c u r r e d  in  0 .5  p .p .m .  a t  e v e r y  pH  

e x c e p t  3.O.. A t  pH  6 .8  th e r e  w a s  e v id e n t  a  v e r y  m a r k e d  s t i m u ­

la t io n  in  0 .5  p .p .m .  of A c t i - d io n e .  A d d it io n a l  s t im u la t io n s  o c ­

c u r r e d  at 2 .5  p .p .m . ,  5.0 p .p .m .  an d  25 .0  p .p .m .  H e r e  th e r e  

i s  the c o m p le t e  a b s e n c e  of s t im u la t io n  at p H  6.0 .

o
T e m p e r a t u r e  26 C . The m o s t  n o te w o r th y  d i f f e r e n c e  a t  

th is  t e m p e r a t u r e  w a s  the w id e  d i f f e r e n c e  in  c o n c e n tr a t io n  of  

A c t i - d io n e  r e q u ir e d  in  e f f e c t in g  30% o r  m o r e  in h ib it io n ,  e .g . ,  

at  pH 6.0 o n ly  0 .5  p .p .m .  o f  A c t i - d io n e  w a s  r e q u ir e d  at pH

3 .0 .

A  v e r y  s l i g h t  s t im u la t io n  o c c u r r e d  a t  pH 6 .8  in  0 .5  

p .p .m .  and  a v e r y  m a r k e d  s t im u la t io n  at p H  5.0 in  the s a m e  

c o n c e n t r a t io n  of A c t i - d i o n e .  In f a c t  the l i n e  r e p r e s e n t in g  pH

5.0  (F ig u r e  37) in d ic a te d  0% in h ib it io n  or  to ta l  g e r m in a t io n .  

A ls o  a r a t h e r  s ig n i f ic a n t  am o u n t  of s t im u la t io n  in 2 5 .0  p .p .m .  

o f  A c t i - d io n e  at th e  pH c o n c e n t r a t io n s  of 4 .0  and 3 .0 .  To be  

n o ted  i s  th e  fa c t  th a t  a l l  but one o f  the pH  grap h  l i n e s  t e r m ­

in a te  a t  1 0 0 .0  p .p .m .;  pH  6 .0  i s  th e  on ly  l i n e  t e r m in a t in g  at

75 .0  p .p .m .  of A c t i - d io n e  c o n c e n tr a t io n s . .
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T e m p e r a tu r e  2 8 °  C . The p r in c ip a l  d i f f e r e n c e  b e tw e e n  

th is  an d  the p r e v i o u s  t e m p e r a t u r e  i s  that a l l  pH  g ra p h  l i n e s  

t e r m in a t e  a t  75 .0  p .p .m .  ( F ig u r e  38). In a d d it io n  a h ig h e r  p e r ­

c e n ta g e  o f  in h ib it io n  i s  a t ta in e d  at pH  6 .8  than  p r e v i o u s l y  in  

0 .5  p .p .m .  A nd th e r e  i s  s t im u la t io n  of g e r m in a t io n  in  0 .5  

p .p .m .  o f  A c t i - d io n e  a t  the pH  c o n c e n tr a t io n s  of 3 .0 ,  4 .0 ,  5.0  

and 6 .0 .  A l s o  th e r e  w e r e  m a r k e d  s t im u la t io n s  o c c u r r in g  at

5 .0  p .p .m .  a t  e v e r y  h y d r o g e n  io n  c o n c e n tr a t io n  but one and  at

25 .0  p .p .m .  at pH 4 .0  and pH  3 .0 .  A c t i - d io n e  w a s  m o s t  e f ­

f e c t i v e  h e r e  at pH 6 .8  as  in  the p r e v io u s  e x p e r i m e n t s .

T e m p e r a t u r e  3 0 °  C. A s  n o te d  in  the p r e v io u s  th r e e  

t e s t s  the r e s u l t s  of the c o n t r o l s  p a r a l l e l  e a c h  o th e r  in  a r r a n g e ­

m e n t  on  the g r a p h s ,  i . e . ,  the  l a r g e s t  am o u n t  o f  g e r m in a t io n  w a s  

o b s e r v e d  at pH 3 .0  and the l e a s t  at pH 6 .8 .  The r e s u l t s  of a l l  

o th e r  pH v a lu e s  fo l l o w e d  in  s e q u e n c e .

O th er  than the  s i m i l a r i t y  in  the c o n tr o l  r e s u l t s ,  the  

g e n e r a l  p a t te r n  o f  b e h a v io r  i s  s i m i l a r  at th is  h y d r o g e n  io n  

c o n c e n tr a t io n  a s  in  the p r e v i o u s  t e s t .  A n o th e r  e x c e p t io n  to be  

n o te d  i s  the  a b s e n c e  o f  the m a r k e d  s t im u la t io n s  o c c u r r in g  in

2 5 .0  p .p .m .  of A c t i - d io n e .
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TABLE IV

IN H IBITIO N  O F  S P O R E  G ER M IN A TIO N  O F R A M U L A R IA  S P .  
B Y  D IF F E R E N T  C O N C E N T R A T IO N S O F  A C T I-D IO N E  A T  

F IV E  D I F F E R E N T  T E M P E R A T U R E S  A N D  FIV E  
H Y D R O G E N  ION C O N C E N T R A T IO N S

T e m ­ C o n c e n ­ P e r c e n t a g e of In h ib it ion
p e r a ­ t r a t io n  of
t u r e sr\ A c t i - d io n e PH pH pH PH PH
( C.) in  p .p .m . 3 .0 4 .0 5.0 6.0 6 .8

C o n tr o l 11.01 6 .06 3.25 2.50 1.82
0 .5 13 .16 8 .95 10.50 2.00 2 .70
2 .5 2 7 .8 3 19.00 20 .00 69.46 98 .00

22
5.0 9 4 .4 4 35 .48 40 .95 13.71 ■ 15 .93

10 .0 11.71 2 .05 5.26 26.21 36 .94
2 5 .0 56 .00 32.40 45 .00 35.09 70 .27
5 0 .0 100 .0 0 50 .25 59.51 70.25 97 .25
7 5 .0 100 .00 100 .00  100.00 100.00 100 .00

C o n tr o l 10 .00 8 .92 7.05 3.51 0 .92
0 .5 3 .95 6 .48 14.86 4 .05 2.70

. 2 .5 3 0 .6 3 4 2 .5 5 49.21 8.12 5.61

24
5 .0 82 .30 67 .00 45 .30 6.53 5.61

10 .0 5 .36 16.37 54.10 11.56 10.71
25 .0 4 2 .0 0 55 .54 69.00 21 .15 26 .13
5 0 .0 100 .00 86 .12 83.99 67 .28 72 .07
7 5 .0 100 .00 100 .00 100.00 100.00 100 .00

C o n tr o l 10.71 12 .55 9.12 4 .68 5.50
0 .5 15 .60 13.52 3.00 2.75 1.77
2 .5 2 6 .0 9 21 .10 16.41 8.56 6.96

26
• 5.0 4 5 .8 7 33 .09 14.20 9.13 5.45
10 .0 80 .91 57.81 37 .28 15.17 12 .73
2 5 .0 38 .10 62 .15 57.80 34.06 24 .32
50 .0 100 .00 77.00 61.00 60.24 70.91
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TABLE IV (Continued)

T e m ­ C o n c e n ­ P e r c e n t a g e o f  In h ib it io n
p e r a ­ t r a t io n  of
t u r e sn A c t i - d io n e PH PH PH PH PH
( C.) in  p .p .m . 3.0 4 .0 5.0 6 .0 6 .8

C o n tr o l 10 .00 9 .30 4 .1 6 5.51 2 .0 5
0 .5 15 .05 4..18 2 .50 9.01 3 .15
2 .5 4 5 .1 9 24 .50 14 .67 22 .51 3 .50

28
5.0 7 1 .1 7 39 .28 25 .00 34 .13 8 .5 7

1 0 .0 10 .19 2 6 .1 4 3 7 .2 8 4 2 .2 7 1 7 .1 3
2 5 .0 35 .25 4 7 .8 8 60 .52 78 .20 2 2 .2 8
5 0 .0 100 .00 100 .00 70 .34 1 0 0 .00 60 .1 0
7 5 .0 100 .0 0 100 .00  100 .00 1 0 0 .00 100 .0 0

C o n tr o l 11.11 7 .12 5.41 7 .2 5 2 .70
0 .5 18 .52 19 .00 4 .0 2 2 .0 2 1 .79
2 .5 2 8 .1 8 31 .00 4 0 .2 8 7 .1 3 2 .70

30 S '°  
1 0 .0

29 .91 4 9 .8 2 70 .50 4 .5 9 7 .3 4
1 2 .8 4 4 6 .2 2 7 5 .0 3 10 .32 4 .4 2

2 5 .0 63 .00 65.11 8 1 .9 9 18 .00 9 .7 3
5 0 .0 100 .00 100 .00 95.21 5 7 .4 5 68 .4 2
75 .0 100 .0 0 100 .00- 100 .00 1 00 .0 0 1 0 0 .00
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H u m id ity  E x p e r i m e n t s

E a c h  o r g a n i s m  w a s  t e s t e d  in  th r e e  d i f f e r e n t  r e la t iv e  

h u m id i t ie s  (98%, 95%, 93%) at th e  h y d r o g e n  io n  c o n c e n tr a t io n s  

u s e d  in  the p r e v i o u s  e x p e r i m e n t s .  T he s p o r e s  f a i l e d  to  g e r m ­

in a te  in  93% r e la t iv e  h u m id ity ,  so  r e s u l t s  w e r e  o b ta in e d  in the  

98% and  95% r e la t iv e  h u m id ity  t e s t s .

In 98% h u m id ity  the g e r m  tu b es  o f  a l l  o r g a n i s m s  w e r e  

c o n s id e r a b ly  s h o r t e r ,  c o n s id e r a b ly  th in n er  an d  m o r e  i r r e g u la r  

than th o se  g e r m in a t e d  d ir e c t ly  in  liquid.- The g e r m  tu b e s  in  

95% w e r e  e v e n  s h o r t e r  and q u ite  i r r e g u la r .  A  c o n s id e r a b le  

a m o u n t o f  p l a s m o l y s i s  w a s  e v id e n t  in  both  g e r m  tu b e s  and u n ­

g e r m in a t e d  s p o r e s  a f t e r  24 h o u r s .  N o  d is o r g a n iz a t io n  of c y t o ­

p l a s m  w a s  n o te d  at th e  lo w e r  c o n c e n tr a t io n s  o f  A c t i - d io n e  in  

any o r g a n i s m .  S om e b r e a k d o w n  c o u ld  be o b s e r v e d  a t  the h ig h e r  

c o n c e n t r a t io n s .

C la d o s p o r iu m  C u c u m e r in u m

O n ly  the r e s u l t s  f r o m  th e  98% r e l a t iv e  h u m id ity  t e s t  

w il l  b e  p r e s e n t e d  s in c e  no g e r m in a t io n  w a s  o b s e r v e d  a t  95%.

The b e s t  in h ib it io n  w a s  found in  10.0  p .p .m .  o f  A c t i - d io n e  at 

pH 4 ,0 .  No a n o m a l ie s  w e r e  o b s e r v e d  a s  w ith  s o m e  o f  the o th e r
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s p o r e s  w h e n  i m m e r s e d  in  s o lu t io n  (F ig u r e  40).  The p o o r e s t  

r e s u l t s  w e r e  o b ta in e d  at pH  6 .8  and  s t im u la t io n  o f  g e r m in a t io n  

o c c u r r e d  o n ly  at pH  4 .0  in  0 .5  p .p .m .

B o t r y t i s  C in e r e a

98% r e l a t iv e  h u m id ity . T he b e s t  in h ib it io n  w a s  o b s e r v e d  

in  50 .0  p .p .m .  of A c t i - d io n e  and th e  n e x t  b e s t  in  10 ,0  p .p .m .  at 

pH  6 .8  (F ig u r e  4 1 ) .  The p o o r e s t  r e s u l t s  w e r e  o b ta in ed  at pH

5.0  in  0 .5  p .p .m .  and  a t  pH 3 ,0  at the h ig h e r  c o n c e n tr a t io n s  of 

A c t i - d io n e .  T h is  p a t t e r n  of b e h a v io r  a s  c o m p a r e d  to the C la d o -  

s p o r iu m ,  w a s  s o m e w h a t  a n o m a lo u s .  In a d d it io n  th e r e  w a s  so m e  

s t im u la t io n  of g e r m in a t io n  in  0 .5  p .p .m .  at pH c o n c e n tr a t io n s  of

4 .0 ,  5 .0  and 6 .8 .

A b n o r m a l i t i e s  o b s e r v e d ,  c o m p a r e d  w ith  the c o n t r o ls ,  

w e r e  c o n f in e d  to  th e  g e r m  tu b e s  and u n g e r m in a te d  sp ores .-  The 

a b n o r m a l i t i e s  w e r e  the s a m e  a s  l i s t e d  p r e v i o u s l y  fo r  th is  o r ­

g a n i s m .  In a d d it io n  to t h is ,  the g e r m  tu b e s  w e r e  v e r y  th in  

and q u ite  s h o r t .

95% r e l a t iv e  h u m id ity . The p r in c ip a l  d i f f e r e n c e  b e tw e e n  

t h e s e  r e s u l t s  and a t  98% r e l a t iv e  h u m id ity  i s  th a t  a m o r e  o r
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l e s s  b e t t e r  in h ib it io n  r e s u l t e d  at a g iv e n  c o n c e n tr a t io n  of A c t i -  

d io n e  at a g iv e n  p H  c o n c e n tr a t io n  (F ig u r e  42 ) .

M o n il in ia  F r u c t i c o l a

98% r e l a t iv e  h u m id i ty . T he r e s u l t s  at th is  r e la t iv e  h u ­

m id i ty  a r e  s t r ik in g ly  s i m i l a r  to th o s e  o b ta in e d  w h e r e  the s p o r e s  

w e r e  i m m e r s e d  d i r e c t l y  in  the l iq u id  A c t i - d io n e .  The p r in c ip a l  

d i f f e r e n c e  i s  that a h ig h e r  p e r  c e n t  of in h ib it io n  w a s  found in  a 

g iv e n  A c t i - d io n e  c o n c e n tr a t io n  and pH than  in  the d ir e c t  i m m e r ­

s io n  e x p e r i m e n t s .  The d i s t o r t io n  and o th e r  m o r p h o lo g ic a l  a b ­

n o r m a l i t i e s  that w e r e  p r e s e n t  in  the d i r e c t  i m m e r s i o n  e x p e r i ­

m e n t s  w e r e  a l s o  p r e s e n t  h e r e ,  p lu s  the v e r y  th in  g e r m  tu b e s  

th at  w e r e  o b s e r v e d  in the c a s e  of the B o t r y t i s  o r g a n is m .

T he m o s t  fa v o r a b le  pH w a s  6 .8  in  0 .5  p .p .m .  and 10 .0  

p .p .m .  T he p o o r e s t  o r  m o s t  u n fa v o ra b le  pH  w as 3 .0  (F ig u r e  

4 3) .

95% r e l a t iv e  h u m id ity . T he r e s u l t s  at th is  pH a r e  v e r y  

s i m i l a r  to the a b o v e ,  e x c e p t  fo r  a s l ig h t  d i f f e r e n c e  in a m ou n t  

o f  in h ib it io n  e x h ib i t e d  at 2 .5  p .p .m .  In the p r e v io u s  t e s t  th e  

l o w e s t  in h ib it io n  w a s  a t ta in e d  at pH  3.0 w h e r e a s  h e r e  the lo w e s t
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i s  at pH  4 .0  ( F ig u r e  44) .  A l s o  to be n o ted  h e r e  i s  th e  a b s e n c e  

o f  g e r m in a t io n  a t  pH 6 .8 .

R a m u la r ia  Sp.

98% r e l a t i v e  h u m id i ty . The h ig h e s t  p e r  ce n t  o f  in h ib it io n  

at th is  r e l a t iv e  h u m id ity  w a s  o b s e r v e d  in 2 .5  p .p .m .  a t  pH 6 .8  

and a g a in  at a l l  h y d r o g e n  io n  c o n c e n tr a t io n s  in  50 p .p .m .  ( F i g ­

u r e  45 ) .  No s t im u la t io n s  w e r e  o b s e r v e d  in  0 .5  p .p .m .  a s  in  

p r e v io u s  e x p e r i m e n t s ,  but a c o n s id e r a b le  r e d u c t io n  o f  in h ib it io n

w a s  o b s e r v e d  in  5 .0 and 10.0  p .p .m .  of A c t i - d io n e .  A c tu a l ly ,  

th e r e  w a s  a s l i g h t  s t im u la t io n  in  10 .0  p .p .m .  at pH 3 .0  and 4 .0 .

93% r e l a t iv e  h u m id i ty . The h y d r o g e n - io n  c o n c e n tr a t io n  

m o s t  fa v o r a b le  in  th is  r e l a t iv e  h u m id ity  w a s  6.8  in the A c t i -  

dione c o n c e n t r a t io n  o f  2 .5  p .p .m .  (F ig u r e  4 6 ) .  T o ta l  in h ib it io n  

of  g e r m in a t io n  o c c u r r e d  at the s a m e  pH b u t  at 50 p .p .m .  T he  

n e x t  m o s t  f a v o r a b le  h y d r o g e n  io n  c o n c e n tr a t io n  w a s  3 .0  in the  

A c t i - d i o n e  c o n c e n tr a t io n  of 5 .0  p .p .m .  T he c o m p le x  b e h a v io r  

p a t te r n  o f  th is  o r g a n i s m  u nder  the v a r io u s  t r e a t m e n t s  at th is  

r e l a t iv e  h u m id ity  w a s  n o t ic e a b le .  T h ere  a r e  a n u m b e r  o f  r e ­

d u c t io n s  of in h ib it io n  in  c o n c e n tr a t io n s  w h e r e  n o r m a l ly  an i n ­

c r e a s e  o f  in h ib it io n  of s p o r e  g e r m in a t io n  w a s  e x p e c te d .  T h e s e
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a n o m a l ie s  w e r e  o b s e r v e d  at 5 .0  and 1 0 .0  p .p .m .  c o n c e n tr a t io n s .  

S t im u la t io n s  o f  s p o r e  g e r m in a t io n  a p p e a r  in  0-. 5 p .p .m .  a t  pH

3 .0 , 4 .0  and- 5 .0 .  F u r t h e r  s t im u la t io n s  w e r e  o b s e r v e d  in  10.0  

p .p .m .  a t  pH 4 .0  and 5 .0 .
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TABLE V

IN H IBITIO N  O F  S P O R E  G ER M IN ATIO N  O F  C LA D O SPO R IU M  
C U C U M E R IN U M  BY  D IF F E R E N T  C O N C E N T R A T IO N S O F  

A C T I-D IO N E  A T  F IV E  D IF F E R E N T  H Y D R O G E N  ION  
C O N C E N T R A T IO N S  A N D  TWO R E L A T IV E  

H UM IDITIES A T  20°  C.

R e la t iv e  
H u m id ­
ity  (%)

C o n c e n ­
t r a t io n  of  

A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e o f  Inh ib it ion

pH
3.0

pH
4 .0

PH
5.0

pH
6.0

PH
6.8

0 .0 N o 94.51 6 3 .4 5 3 5 .8 4 33 .00
0 .5 G e r ­ 86 .61 7 6 .4 2 54 .65 4 0 .0 9
2.5 m i n a ­ 9 0 .8 4 8 4 .4 9 61 .30 49.31

98 5.0 t io n 9 7 .3 8 8 8 .9 5 7 1 .4 5 52 .75
10.0 1 0 0 .00 9 4 .2 8 9 3 .2 8 88 ,32
25 .0 1 0 0 .00 9 8 .7 8 96 .10 92 .20
50 .0 100 .0 0  1 0 0 .0 0 100 .00 100 .00
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T A BL E  VI

IN H IB IT IO N  OF SP O R E  G E R M IN A TIO N  O F  BO TR Y TIS  
C IN E R E A  BY D I F F E R E N T  C O N C E N T R A T IO N S O F  

A C T I-D IO N E  A T  F IV E  D IF F E R E N T  HYD RO G EN  
ION C O N C E N T R A T IO N S A N D  TWO R E L A T IV E  

H U M ID ITIES A T  2 0 °  C.

R e la t iv e  
H u m id ­
ity  (%)

C o n c e n ­
tr a t io n  of 

A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e  o f  In h ib it ion

PH 
3.0 .

PH
4.0

PH
5.0

PH
6.0

PH
6 .8

0 .0 32.00 4 4 .1 8 24 .00 27.50 4 3 .0 0
0 .5 33.26 4 2 .3 5 11 .00 45 .32 3 0 .5 2
2 .5 41 .00 4 4 .9 2 32 .50 55.21 39.21

98 5 .0 53.85 61 .65 4 4 .3 5 70.30 7 9 .9 9
1 0 .0 65.10 66 .50 75 .16 84 .76 9 4 .6 5
2 5 .0 60 .12 66.00 69 .12 84.00 8 3 .6 0
5 0 .0 100.00 100.00 100 .00 100.00 100 .0 0

0 .0 50 .49 70 .62 48 .51 41 .00 6 6 .2 2
0 .5 57.00 58 .13 36 .23 64 .39 3 8 .6 0

95
2 .5 61.00 63 .50 2 4 .2 5 69 .80 4 5 .2 7

10 .0 76 .78 78.90 78 .85 87 .78 9 2 .0 0
2 5 .0 66.00 73 .12 76 .22 86 .00 8 8 .3 4
5 0 .0 100.00 100.00 100.00 100.00 1 0 0 .0 0

I
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TABLE VII

INHIBITION O F  S P O R E  G E R M IN A T IO N  OF M O N ILIN IA  
F R U C T IC O L A  BY D IF F E R E N T  C O N C E N T R A T IO N S O F  

A C T I-D IO N E  A T  F IV E  D IF F E R E N T  H Y D R O G EN  ION  
C O N C E N T R A T IO N S A N D  TWO R E L A T IV E  

HUM IDITIES A T  2 0 °  C.

R e la t iv e  
H u m id ­
i ty  (%)

C o n c e n ­
t r a t io n  of 

A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e of Inh ib it ion

PH
3.0

PH
4.0

PH
5.0

PH
6.0

PH
6.8

0 .0 4 2 .2 5 63 .35 80 .85 90 .13 94.00
0 .5 47 .87 65 .18 83 .46 91.00 97.35

98 2 .5 62.50 63.75 80 .04 87.50 89.23
5 .0 77.20 89 .82 84.90 97.00 98.19

10 .0 100.00 . 100 .00  100 .00 100 .00 100.00

0 .0 74.35 81 .82 88.09 98.00
0 .5 75.98 83 .28 90 .85 99 .48
2 ,5 83 .25 80 .76 89.90 97.35
5 .0 92.30 93.60 97 .45 99.50
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TABLE VIII

IN H IB ITIO N  OF S P O R E  G ER M IN ATIO N  O F  R A M U L A R IA  SP-  
B Y  D I F F E R E N T  C O N C E N T R A T IO N S O F  A C T I-D IO N E  A T  

FIV E  D I F F E R E N T  H Y D R O G EN  ION C O N C E N T R A T IO N S  
A N D  TWO R E L A T IV E  HU M ID ITIES A T  2 0 °  C.

R e la t iv e  
H u m id ­
i t y  (%)

C o n c e n ­
t r a t io n  of  

A c t i - d io n e  
in  p .p .m .

P e r c e n t a g e of In h ib it ion

PH
3.0

pH
4 .0

pH
5.0

PH
6.0

PH
6.8

0.0 4 6 .0 0 39 .8 8 35.31 3 0 .5 2 2 8 .0 0
0 .5  . 4 6 .5 5 43 .10 37 .22 38 .2 0 3 3 .2 5
2 .5 54 .72 4 5 .1 2 4 1 .0 0 7 0 .0 2 99 .50

98 5.0 89 .00 55 .49 59.71 5 0 .1 5 50 .01
10.0 58 .50 34 .15 35.01 6 1 .4 6 7 1 .4 5
25 .0 82 .25 48 .11 50 .18 6 5 .1 2 84 .50
50 .0 100 .00 100 .00  100 .00 1 0 0 .0 0 100 .00

0.0 67 .82 64 .35 52 .65 4 5 .9 6 4 2 .0 0
0 .5 58.01 56 .15 51 .00 5 2 .1 8 4 9 .3 3
2.5 63 .76 58 .14 58 .14 71 .1 6 97 .00

95 5 .00 91.51 62 .18 64 .93 5 6 .4 9 57.21
10.0 6 3 .4 2 48 .0 0 4 8 .8 9 6 5..90 69 .50
25 .0 84 .15 52.00 53 .50 74 .00 8 5 .0 0
50 .0 100 .00 100 .00 100 .00 10 0 .00 100 .00

M

■ ' I



DISCUSSION

T he o b s e r v a t io n s  m a d e  d u r in g  th is  in v e s t ig a t io n  in d ic a te  

s e v e r a l  p a t t e r n s  o f  b e h a v io r  b y  the o r g a n i s m s  in  r e s p o n s e  to a 

n u m b e r  o f  t r e a t m e n t s  by  A c t i - d io n e  u n der  th e  in f lu e n c e  of t e m ­

p e r a t u r e ,  pH  and m o i s t u r e .

A c t i - d io n e  w a s  u s e d  in  c o n c e n t r a t io n s  f r o m  0 .5  p .p .m .  

to 1 0 0 .0 0  p ..p .m . A t  the l o w e s t  c o n c e n tr a t io n ,  i t  w a s  c o n s i s t e n t ly  

o b s e r v e d  th at  th e r e  w a s  f r e q u e n t ly  a s t im u la to r y  r a th e r  than an  

in h ib i to r y  e f f e c t  upon s p o r e  g e r m in a t io n .  T h is  i s  qu ite  a n o m a ­

lo u s  to the g e n e r a l  p a t t e r n  of b e h a v io r ,  o f  the fo u r  o r g a n is m s  

s tu d ie d ,  w h ic h  in d ic a te d  th e  te n d e n c y  to w a r d  a h ig h e r  p e r c e n ta g e  

of  in h ib it io n  o f  g e r m in a t io n  a s  the c o n c e n tr a t io n  of the A c t i -

d ion e  w a s  i n c r e a s e d .  The s t im u la t io n  o c c u r r in g  in  0 .5  p .p .m .

o
o f  A c t i - d io n e  r a n g e d  f r o m  1.09% a t  pH 4 .0  at 24 C. w ith  

B o t r y t i s  to  14.41%  at  pH  5 .0  at 2 6 °  C. w ith  the s a m e  o r g a n ­

i s m .  In the e x p e r i m e n t s  w ith  C la d o s p o r iu m ,  i t  i s  in t e r e s t in g  

to n o te ,  that s t im u la t io n  o f  g e r m in a t io n  o c c u r r e d  s i x  t im e s  in  

0 .5  p ,.p .m .,  fo u r  o f  t h e s e  w e r e  o b s e r v e d  a t  e v e r y  h y d r o g e n  io n  

c o n c e n tr a t io n  at 2 4 °  C. w h i le  the o th e r  tw o o c c u r r e d  on ly  at  

pH  4 .0  and 5 .0 at 3 0 °  C. S t im u la t io n  in  2 .5  p .p .m .  w a s
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c o n s id e r a b le  l e s s  p r e v a le n t ;  o n ly  two o c c u r r e n c e s  w e r e  o b s e r v e d ,  

one a t  p H  5.0 a t  2 4 °  C. and th e  o th e r  a t  pH 5 .0  at 3 0 °  C. (T a ­

b le  I an d  F ig u r e  1); F r o m  t h e s e  r e s u l t s  i t  i s  o b v io u s  that the  

m a j o r i t y  of s t im u la t io n s  o c c u r r e d  at pH  5 .0 .  T h e s e  r e s u l t s  

m a y  t h e r e f o r e  in d ic a te  th at  the c o n id ia  o f  C la d o s p o r iu m  c u c u -  

m e r i n u m  a re  p r o n e  to  s t im u la t io n  at th is  pH at two d if fe r e n t  

t e m p e r a t u r e s ,  2 4 °  C. and 3 0 °  C.

In the B o t r y t i s  e x p e r i m e n t s  s t im u la t io n  at 0 .5  p .p .m .  

w a s  c o n s id e r a b ly  m o r e  p r o n o u n c e d  than in  t e s t s  w ith  C la d o ­

s p o r iu m .  A to ta l  of 38 s t im u la t io n s  w e r e  o b s e r v e d .  S t im u ­

la t io n  w a s  o b s e r v e d  at e v e r y  t e m p e r a t u r e  and at a lm o s t  a l l  

h y d r o g e n  ion  c o n c e n tr a t io n s  (T a b le  II). A  to ta l  of 17 s t i m u l a ­

t io n s  o c c u r r e d  in  0 .5  p .p .m .  a s  c o m p a r e d  to 6 w ith  C_. c u c u - 

m e r in u m .  Of fu r th e r  i n t e r e s t  w a s  the  o b s e r v a t io n  that s o m e  

s t im u la t o r y  e f f e c t s  o c c u r r e d  in  A c t i - d io n e  c o n c e n tr a t io n s  as  

h igh  a s  25.0  p .p .m .;  t h e s e ,  o f  c o u r s e ,  w e r e  l e s s  p r e v a le n t .  In 

c o n t r a s t  to C. c u c u m e r in u m , the h y d r o g e n  io n  c o n c e n tr a t io n s  

fa v o r in g  s t im u la t io n  w e r e  3 .0 ,  4 .0  and 6 .8  in s t e a d  o f  pH  5.0  

(T a b le  II).

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

m e n t s  w ith  M o n i l i n ia  f r u c t i c o l a  an d  R a m u l a r i a  s p .  In th e  f o r m e r



116

o n ly  5 s t im u la t io n s  w e r e  o b s e r v e d  w h i le  in  th e  la t t e r  th ere  w e r e

15. A l l  of the 5 o c c u r r in g  in  M. f r u c t i c o la  w e r e  at pH  3.0 a t  

o o , o
22  , 24 and  26 C. W hen c o m p a r e d  w ith  th e  o th er  3 o r g a n ­

i s m s  M. f r u c t i c o la  w a s  the  l e a s t  s u s c e p t ib le  to  s t im u la t io n  b y  

e x p o s u r e  to A c t i - d io n e .  In the R a m u la r ia  s p .  a s  in  the  B o t r y t i s  

e x p e r i m e n t s ,  s t im u la t io n  o f  g e r m in a t io n  o c c u r r e d  in  e v e r y  p H  

and at e v e r y  t e m p e r a t u r e .  The p r in c ip a l  d i f f e r e n c e ,  h o w e v e r ,  

i s  that w ith  R a m u la r ia  the g r e a t e s t  s t im u la t o r y  te n d e n c y  w a s  

a t  pH 3 .0 ,  4 .0  and 6 .8  w h e r e a s  w ith  B o t r y t i s  i t  w a s  a t  pH 4 .0 ,

5 .0  and 6 .0 .

Of c o n s id e r a b le  i n t e r e s t ,  w a s  the s i m i l a r i t y  to  the r e ­

s u l t s  ab ove  in  the r e l a t iv e  h u m id ity  t e s t s  (T a b le s  V, VI, and  

VII). S t im u la t io n  w a s  o b s e r v e d  27 t i m e s  w ith  a ll  fo u r  o r g a n ­

i s m s  in  a l l  h u m id i t ie s  and h y d r o g e n  io n  c o n c e n t r a t io n s .  Of 

th is  to ta l ,  h o w e v e r ,  on ly  10 o c c u r r e d  at 0 .5  p .p .m .  and 10 a t  

2 .5  p .p .m .  o f  A c t i - d io n e  e x p e r i m e n t s ,  the o th e r s  w e r e  found  

in  A c t i - d io n e  c o n c e n tr a t io n s  up to 2 5 .0 0  p^p.m .

Of a d d it io n a l  i n t e r e s t  is  the fa c t  th at  in the h u m id ity  

t e s t s ,  the  C la d o s p o r iu m  s p o r e s  w e r e  s ig n i f ic a n t ly  l e s s  p r o n e  

to s t im u la t io n  than in the p r e v io u s  e x p e r im e n t s .  A l s o  a s l ig h t  

s t im u la t io n  w a s  n o te d  h e r e  at pH 4 .0  in 2 .5  p .p .m .  that w a s
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a b s e n t  in  th e  p r e v i o u s  t e s t s .  B o t r y t i s  s p o r e s  a l s o  r e sp o n d e d  

to  s t im u la t io n  in  a s i m i l a r  m a n n e r  a s  in  the p r e v io u s  t e s t s  

but in  a l e s s e r  a m o u n t.  M o s t  of the s t im u la t io n  o c c u r r e d  at

0 .5  p .p .m .  In the h u m id ity  t e s t s  w ith  th is  o r g a n is m ,  th e r e  w a s  

an  a b s e n c e  o f  any  s t im u la t io n  a t  pH 3 .0  w h ic h  w a s  fa v o r a b le  

to th i s  a c t io n  in  the d i r e c t  i m m e r s i o n  e x p e r im e n t s .  In the 

h u m id ity  t e s t s  the M . f r u c t i c o l a  s p o r e s  w e r e  no m o r e  s u s c e p ­

t ib le  to s t im u la t o r y  a c t io n  than  p r e v i o u s ly .  It w a s  in t e r e s t in g  

to o b s e r v e  th a t  the s t im u la t io n  w h ic h  did o c c u r  w a s  n o t  in  0 .5

p .p .m .  o r  a t  pH  3 .0 ,  but at pH  4 .0 ,  6 .0  and 6 .8  in  2 .5  p .p .m .  

(T a b le  VII). M o s t  o f  the s t im u la t io n ,  in  the d ir e c t  i m m e r s i o n  

t e s t s  w ith  R a m u la r ia  o c c u r r e d  at p H  6.0 (T a b le  VIII), the  c o m ­

p le t e  a b s e n c e  o f  s t im u la t io n  a t  th is  pH  in  the h u m id ity  t e s t s  i s  

n o te w o r th y .  The s t im u la t io n s  w h ic h  did  o c c u r  w e r e  found  m o s t ly  

at  pH  4 .0  in  95% r e l a t iv e  h u m id ity .

In a d d it io n  to  the s t im u la t o r y  e f f e c t s  o b s e r v e d ,  s e v e r a l  

o th e r  o b s e r v a t io n s  w e r e  o f  i n t e r e s t .  A l l  4 o r g a n i s m s  w e r e  e x ­

p o s e d  to A c t i - d io n e  a d ju s te d  to a l l  o f  the h y d r o g e n  io n  c o n c e n ­

t r a t io n s  a s  d e s c r ib e d  in  the M a t e r ia l s  and M eth od s  s e c t io n .

S o m e  g e r m in a t io n  o c c u r r e d  in  e v e r y  e x p e r im e n t  e x c e p t  at pH

3.0  w ith  the  s p o r e s  o f  C. c u c u m e r in u m .
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The m in im u m  le t h a l  d o s e  at w h ic h  c o m p le te  in h ib it io n  

o c c u r r e d  v a r i e d  b e t w e e n  o r g a n i s m s  and w a s  d e f in i t e ly  in f lu e n c e d  

to s o m e  e x te n t  b y  the v a r i o u s  t e m p e r a t u r e s  and H io n  c o n c e n ­

t r a t io n s .

In C. c u c u m e r in u m  the le th a l  d o s e  v a r i e d  w ith  b o th  the  

pH  and the t e m p e r a t u r e ,  but in  no c a s e  w a s  i t  m o r e  th an  50.00  

p .p .m .  (T a b le  I). A  g la n c e  at t h e s e  r e s u l t s  in d ic a te  th a t  t e m ­

p e r a t u r e  and pH  had  w h at co u ld  b e  t e r m e d  a s y n e r g i s t i c  e f fe c t ,  

n e i t h e r  on e  b e in g  a b le  to  w o r k  in d e p e n d e n t ly  in  a c c o m p l i s h in g  

the s a m e  e f f e c t s .  G e n e r a l ly  the t e n d e n c y  in d ic a te d  w a s  th at  

a s  the pH  w a s  lo w e r e d  and the t e m p e r a t u r e  w a s  r a i s e d  l e s s  

A c t i - d io n e  w a s  n e c e s s a r y  to e f f e c t  c o m p le t e  in h ib it io n .  The 

l e th a l  d o s e  v a r i e d  f r o m  50 .0  p .p .m .  to 5 .0  p .p .m .  T h e r e  w e r e  

d e f in ite  e x c e p t io n s  to th is  a s  m a y  be o b s e r v e d  in  T a b le  I.

The f a c t  th at  p l a s m o l y t i c  d i s to r t io n  of th e  s p o r e s  and  

g e r m  tu b e s  w a s  a b s e n t  in  th is  o r g a n i s m  m a y  b e  due to the  

s e v e r a l  f a c t o r s .  It i s  p o s s i b l e  that the c y t o p la s m ic  c o n te n t  of 

the s p o r e s  and t h e ir  g e r m  tu b e s  w a s  in  or  n e a r  e q u i l ib r iu m  

w ith  the A c t i - d io n e  s o lu t io n s  in  w h ic h  th e y  w e r e  i m m e r s e d .  

T r u e ,  in  the h u m id ity  t e s t s  th e r e  w a s  no im m e r s i o n ,  but a 

f i l m  of h y g r o s c o p ic  l iq u id  w h ic h  c o n ta in e d  A c t i - d io n e  p lu s  the
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n u tr ie n t  s t im u la n t  w a s  p r e s e n t  at a l l  t i m e s ,  c o n s e q u e n t ly  the  

s a m e  c o n d it io n  m a y  have  p r e v a i l e d .  In a d d it ion ,  i t  i s  p o s s i b l e  

th a t  the s p o r e  w a l l  of th is  o r g a n i s m  w a s  o f  su c h  a  s t r u c tu r e  

a s  to n o t  a l lo w  th e  f r e e  p a s s a g e  o u tw a r d  o f  the c y t o p la s m ic  

s a l t s ,  th u s  p r e v e n t in g  p l a s m o l y s i s .  A  th ir d  fa c to r  w h ich  m a y  

b e  c o n s id e r e d  i s  th e  p o s s i b i l i t y  th at  the c y t o p la s m ic  c o n c e n t r a ­

t io n ,  in  b o th  the s p o r e s  and  the g e r m  tu b e s ,  w a s  s l ig h t ly  l e s s  

th an  th e  A c t i - d io n e  so lu t io n ,  so  in s t e a d  o f  p l a s m o l y s i s  the r e ­

v e r s e  w a s  the r e s u l t ,  but n o t  en ou gh  to c a u s e  p l a s m o p t y s i s .

T h e  r e a s o n  fo r  m e n t io n in g  th is  f a c t o r  i s  th a t  the o n ly  a b n o r ­

m a l i t y  o b s e r v e d  in  the r e s u l t s  of th is  o r g a n i s m  w a s  a te n d e n c y  

f o r  s h o r t e r ,  s to u te r  g e r m  tu b es  w h ic h  i n c r e a s e d  w ith  the i n ­

c r e a s e  in  the c o n c e n tr a t io n  of A c t i - d io n e .

T he g e n e r a l  p a t te r n  o b s e r v e d  in the B o t r y t i s  t e s t s  w a s  

a t e n d e n c y  to i n c r e a s e  t o x ic i t y  w ith  the i n c r e a s e  in  A c t i - d io n e  

c o n c e n t r a t io n  and the lo w e r in g  of the pH of  the s o lu t io n  (T ab le  

II). A n  e x c e p t io n  to  th is  w a s  o b s e r v e d  at pH  6 .8  a t  30 C. 

w h e r e  to ta l  in h ib it io n  r e s u l t e d  in  50 .0  p .p .m .  A l s o  h e r e ,  i t  is  

o b v io u s  th at  t e m p e r a tu r e  and pH w o r k e d  to g e th e r  to  b r in g  about 

th e  o b s e r v e d  r e s u l t s .  In the h u m id ity  t e s t s  w ith  t h i s  o r g a n is m  

i t  w a s  o b s e r v e d  th a t  no s t im u la t io n  o c c u r r e d  at pH 3.0 w h e r e a s
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in th e  i m m e r s i o n  t e s t s  th is  pH  d e f in i t e ly  f a v o r e d  s t im u la t io n .

T he r e a s o n  f o r  th is  i s  unknow n.

B oth  d i s t o r t io n ,  and w hat a p p e a r e d  to be c y t o p la s m ic  

d is o r g a n iz a t io n ,  w a s  o b s e r v e d  in  th is  and in  the s p o r e s  of M. 

f r u c t i c o l a . The r e a s o n s  fo r  th is  a r e  p o s s i b l y  the  r e v e r s e  of  

t h o s e  s ta te d  f o r  Cb c u e u m e r in u m  w h ic h  e x h ib ite d  no  p la s m o ly t i c  

d is t o r t io n .  T h e  w a l l  s t r u c tu r e  of the B o t r y t i s  and  the M o n il in ia  

s p o r e s  m a y  b e  c o n s t r u c t e d  to a l lo w  f r e e  p a s s a g e  o f  w a te r  f r o m  

the c y t o p la s m  out to a l e s s  d e n s e  l iq u id  w ith  w h ic h  the sp o r e

w a l l  m a y  b e  su r r o u n d e d .  T h is ,  o f  c o u r s e ,  p r e s u p p o s e s  the  

c o n c e n t r a t io n  o f  the w a te r  in  the c y t o p la s m  to  b e  h ig h e r  than  

that o f  the A c t i - d io n e ,  o t h e r w is e  p l a s m o l y s i s  w o u ld  n ot  take  

p l a c e .  The m o s t  s tr ik in g  d i f f e r e n c e  b e tw e e n  t h e s e  two o r g a n ­

i s m s  i s  the am ou n t o f  s t im u la t io n  (T a b le s  I and II). In B o tr y t i s  

n ot o n ly  d id  s t im u la t io n  o c c u r  m o r e  f r e q u e n t ly  than  it  d id in  

M o n il in ia  b u t  a n u m b e r  of sh a rp  r e d u c t io n s  in  am ou n t of g e r m ­

in a t io n  w e r e  n o te d  w h e r e  n o r m a l ly  n o n e  w ou ld  be  e x p e c te d .

The r e s u l t s  of R a m u la r ia  sp . r e s e m b l e  th o s e  o f  Ck c u - 

c u m e r in u m  in  that the u n g e r m in a te d  s p o r e s  in  h ig h e r  c o n c e n ­

t r a t io n s  of A c t i - d io n e  and the g e r m in a t e d  in  the lo w e r  c o n c e n ­

t r a t io n s  w e r e  f r e e  f r o m  d i s t o r t io n s  and c y t o p la s m ic  d is o r g a n iz a t io n .
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On the o th e r  hand, A c t i - d io n e  w a s  m o r e  e f f e c t iv e  at a h ig h er  

pH  a g a in s t  CL c u c u m e r in u m  than  R a m u la r ia  w h o s e  m o s t  e f f e c t iv e  

r e s p o n s e  to the A c t i - d io n e  w a s  in  pH 3 .0  (T ab le  IV). A n o th er  

d i f f e r e n c e  b e tw e e n  the tw o o r g a n i s m s  i s  the  am ou n t o f  s t im u ­

la t io n  o c c u r r in g  in  0 .5  p .p .m .  o f  A c t i - d io n e ,  i t  w a s  c o n s id e r a b ly  

h ig h e r  w ith  the s p o r e s  of R a m u la r ia .

T he pH w h ich  fa v o r e d  th e  m o s t  s t im u la t io n s  w a s  pH 6 .0 ,  

e v e n  th ou gh  s o m e  s t im u la t io n ,  a s  w ith  B o t r y t i s ,  o c c u r r e d  w ith  

e v e r y  pH and  at e v e r y  t e m p e r a t u r e .

The m o s t  n o te w o r th y  o b s e r v a t io n  in  the h u m id ity  t e s t s  

i s  that a lth o u g h  in  m a n y  in s t a n c e s  no ch a n g e  w a s  n o te d  in i n ­

h ib it io n  a t  a g iv e n  A c t i - d io n e  c o n c e n t r a t io n  and at a g iv e n  pH, 

the t e n d e n c y  w a s  to w a r d  h ig h e r  in h ib it io n  at 95% than at 98% 

r e la t iv e  h u m id ity .  T h is  in d ic a t e s  the l im i t in g  in f lu e n c e  of the  

h u m id ity  upon  g e r m in a t io n  in  g e n e r a l .  The c o n tr o l  r e s u l t s  at  

95% h u m id ity  a ls o  w e r e  g e n e r a l ly  h ig h e r  than at 98%.
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T he r e s u l t s  of th is  in v e s t ig a t io n  h a v e  sh ow n  that A c t i -  

d io n e  i s  d e f in i t e ly  to x ic  to  the s p o r e s  of the  p h y to p a th o g en ic  

fu n g i  u s e d  in  th is  s tu d y . The t o x ic i t y  v a r i e d  w ith  the p r e s e n c e  

of  th r e e  f a c t o r s  w h ic h  had  an in f lu e n c e  upon the r e s p o n s e  of  

the o r g a n i s m s  to the A c t i - d io n e .  The fo u r  f a c t o r s  w e r e :  c o n ­

c e n t r a t io n  o f  A c t i - d io n e ,  t e m p e r a t u r e ,  pH o f  the s p o r e  s u s p e n ­

s io n  m e d iu m  and h u m id ity .  T h e s e  f a c t o r s  p r o b a b ly  e x e r t e d  an  

in f lu e n c e  in d e p e n d e n t ly  of e a c h  o th e r  but a l s o  in  c o m b in a t io n  

w ith  one a n o th e r .  A s  a r e s u l t  of th is  in f lu e n c e ,  c e i ' ta in  tr e n d s  

w e r e  o b s e r v e d .

T he g e n e r a l  te n d e n c y  w a s  a g r e a t e r  in h ib it io n  a s  the  

c o n c e n t r a t io n  of A c t i - d io n e  w a s  in c r e a s e d  u n til  a l e th a l  c o n c e n ­

tr a t io n  w a s  r e a c h e d .  The c o n c e n tr a t io n  at w h ich  th is  w a s  o b ­

s e r v e d  v a r i e d  w ith  the o r g a n i s m  and the c o m b in a t io n  o f  the  

t h r e e  f a c t o r s  p r e s e n t ,  but the r a n g e  of th is  e f f e c t  v a r i e d  f r o m

5.0  p .p .m .  to 1 0 0 .0  p .p .m .  ( s e e  ta b le s  and g r a p h s ) .

A n o th e r  c h a r a c t e r i s t i c  of A c t i - d io n e  w a s  i t s  s t im u la to r y  

e f f e c t  u pon  the g e r m in a t io n  o f  the s p o r e s ,  b o th  in  the i m m e r ­

s io n  and th e  h u m id ity  e x p e r i m e n t s .  In g e n e r a l ,  the g r e a t e s t
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am o u n t  o f  s t im u la t io n  o c c u r r e d  at 0 .5  p .p .m .  i r r e s p e c t i v e  o f  

the pH  o r  t e m p e r a t u r e .  T h e o r g a n i s m s  m o s t  p ro n e  to  s t im u ­

la t io n  a t  th is  c o n c e n tr a t io n  w e r e  B o t r y t i s  c i n e r e a  fo l lo w e d  in  

o r d e r  b y  R a m u la r ia  s p . T he l e a s t  a m ou n t of s t im u la t io n  at  

th is  c o n c e n t r a t io n  o f  A c t i - d io n e  o c c u r r e d  w ith  M o n il in ia  f r u c t i ­

c o la  and  C la d o s p o r iu m  c u c u m e r in u m . A d d it io n a l s t im u la t io n s  

w e r e  o b s e r v e d  at 2 .5 ,  5 .0 ,  10 .0  and 2 5 .0  p .p .m .  p r i m a r i l y  w ith  

the s p o r e s  of B_. c i n e r e a  and to a l e s s e r  e x te n t  w ith  R a m u la r ia  

sp .

A n  in v e s t ig a t o r  d e s ir in g  to s tu d y  the e f f e c t s  o f  A c t i -  

dione u n d e r  f ie ld  c o n d it io n s  w ould  h a v e  s o m e  p r e v io u s  k n o w l­

edge  o f  i t s  b e h a v io r  u n der  the in f lu e n c e  of the fou r  f a c t o r s  

u s e d  in  th is  s tu d y . He c o u ld  thus a c c o r d in g ly  p lan  h i s  e x p e r i ­

m e n t s  m o r e  e f f i c i e n t ly  and p o s s i b l y  a v o id  s o m e  e r r o r s  w h ich  

m ig h t  o t h e r w is e  p r e s e n t  t h e m s e l v e s  in  the a b s e n c e  o f  th is  i n ­

fo r m a t io n .

If th is  in v e s t ig a t io n  w a s  to be  co n t in u ed  it  w o u ld  b e  of  

r e a l  i n t e r e s t  and o f  p o s s i b l e  p r a c t ic a l  im p o r ta n c e  to con d u ct  

a d d it io n a l  e x p e r i m e n t s  of the s a m e  typ e on m o r e  s p o r e s  of 

p h y to p a th o g en ic  fungi..  The in fo r m a t io n  ob ta in ed  m ig h t  p r o v e  of  

g r e a t  v a lu e  in c o m b a t in g  any  n u m b e r  of d i s e a s e s  fo r  w h ich  at
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p r e s e n t  w e  la c k  s u ita b le  f u n g ic id e s .  A l s o ,  it  w ou ld  be n o t  on ly  

of i n t e r e s t  but o f  p o s s i b l e  p r a c t i c a l  v a lu e  to d e te r m in e  e x a c t ly  

h ow  the A c t i - d io n e  in h ib it s  the g e r m in a t io n  o f  s u s c e p t i b l e  s p o r e s .  

If th is  in f o r m a t io n  w a s  know n, s o m e  a d ju s tm e n t  o f  the in f lu e n c ­

in g  f a c t o r s  c o u ld  be  m a d e  so  th a t  it  w o u ld  b e c o m e  m o r e  e f ­

f e c t i v e  o v e r  a w id e r  r a n g e  of o r g a n i s m s .  T h is  m ig h t  m e a n  

a d d it io n  o f  o th e r  c h e m i c a l s  to c o n tr o l  e f f e c t  of pH  and th e  a p ­

p l i c a t io n  of s p r a y  u n der  s u ita b le  t e m p e r a t u r e s .



SUM M A RY

1. T he s p o r e s  o f  C la d o s p o r iu m  c u c u m e r in u m , B o tr y t is  

c i n e r e a , M o n il in ia  f r u c t i c o la  and R a m u la r ia  sp .  w e r e  su b je c te d  

to a s e r i e s  of t e s t s  to d e t e r m in e  t h e ir  r e s p o n s e  to A c t i -d io n e  

in  v a r io u s  c o n c e n t r a t io n s  a s  in f lu e n c e d  b y  s e v e r a l  e n v ir o n ­

m e n t a l  c o n d it io n s ;  t e m p e r a t u r e s ,  pH  and h u m id ity .

2. The t e m p e r a t u r e s  u s e d  w e r e  2 2 ° ,  2 4 ° ,  2 6 ° ,  2 8 °  and

o
30 C. T he h y d r o g e n  io n  c o n c e n tr a t io n s  u s e d  w e r e  3 .0 , 4 .0 ,

5 .0 ,  6 .0  and 6 .8 .  The r e l a t iv e  h u m id i t ie s  t e s t e d  w e r e  98%,

95% and 93%. The la t t e r  p r o d u c e d  no r e s u l t s .

3. In g e n e r a l  the le th a l  a c t io n  in c r e a s e d  a lo n g  w ith  the  

i n c r e a s e  of A c t i - d io n e  c o n c e n tr a t io n .  S t im u la t io n  w a s  p r e v a le n t  

in  a l l  t e m p e r a t u r e s  and H - io n  c o n c e n t r a t io n s  but v a r i e d  w ith  the  

o r g a n i s m s .  M o s t  s t im u la t o r y  e f f e c t s  w e r e  o b s e r v e d  at 0 .5  

p .p .m .  and w e r e  e s p e c i a l l y  p r e v a le n t  w ith  the s p o r e s  of B o tr y t i s  

and R a m u la r ia  s p . ,  C. c u c u m e r in u m  and M. f r u c t i c o la  w e r e  

s t im u la t e d  bu t n o t  to the e x te n t  of the o th e r  two o r g a n i s m s .
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4 .  C la d o s p o r iu m  c u c u m e r in u m  w a s  s u s c e p t ib le  to A c t i -  

d ion e  in  a l l  o f  the c o n c e n tr a t io n s ;  l e th a l  r e s u l t s  w e r e  ob ta in ed  

in  c o n c e n t r a t io n s  f r o m  5 .0  p .p .m .  to 50 .0  p .p .m .  d ep end ing  upon  

the t e m p e r a t u r e s  and pH . A t 2 2 °  C. A c t i - d io n e  w a s  m o r e  e f ­

f e c t i v e  a t  pH 4 .0  w h e r e a s  at 3 0 °  C. i t  w a s  m o r e  e f f e c t iv e  at  

pH  6 .8 .  N o d i s t o r t io n  o r  c y t o p la s m ic  p l a s m o l y s i s  w a s  n o ted  

e v e n  a f t e r  72 h o u r s  e x p o s u r e .

5. The s p o r e s  of B . c i n e r e a  w e r e  s u s c e p t ib le  to the  

le th a l  a c t io n  o f  A c t i - d io n e  but g e n e r a l ly  at a h ig h e r  c o n c e n t r a ­

t io n  than  th o s e  o f  the o th e r  t h r e e  o r g a n i s m s .  The m in im u m  

l e th a l  d o s e  f o r  to ta l  k i l l  v a r ie d  f r o m  50 .0  to 100.0  p .p .m .  o f  

A c t i - d io n e .  The le th a l  d o se  o f  50 ,0  p .p .m .  w a s  at pH  6 .8  at  

30°  C. w h e r e a s  the 100 .0  p .p .m .  w a s  o b s e r v e d  th rou gh out a l l  

o f  the o th e r  t e m p e r a t u r e s  and b y  h y d r o g e n  ion  c o n c e n tr a t io n s .

S t im u la t io n s  o c c u r r e d  f r e q u e n t ly  in  s e v e r a l  c o n c e n t r a ­

t io n s  o f  A c t i - d io n e  a t  a l l  h y d r o g e n  io n  c o n c e n tr a t io n s  and t e m ­

p e r a t u r e s .  The c o n c e n tr a t io n  o f  A c t i - d io n e  at w h ic h  m o s t  of  

the s t im u la t io n s  o c c u r r e d  w a s  a t  0 .5  p .p .m .  The m o s t  f a v o r ­

a b le  h y d r o g e n  io n  c o n c e n tr a t io n s  fo r  the o c c u r r e n c e  o f  s t i m ­

u la t io n  w e r e  4 .0 ,  5 .0  and 6 .8 .  C o n s id e r a b le  d is to r t io n  of the
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u n g e r m in a te d  and g e r m in a t e d  s p o r e s  and t h e ir  g e r m  tu b es  w as  

e v id e n t .

6. M o n il in ia  f r u c t i c o la  w a s  s u s c e p t ib le  to le th a l  d o s e s  

of A c t i - d io n e  v a r y in g  f r o m  10 .0  to 2 5 .0  p .p .m .  T o ta l  k i l l  at

1 0 .0  p .p .m .  w a s  o b s e r v e d  at 3 0 °  C. a t  a l l  h y d r o g e n  ion  c o n ­

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

io n  c o n c e n t r a t io n s  to ta l  k i l l  w a s  at 2 5 .0  p .p .m .  o f  A c t i - d io n e .

B o th  d i s t o r t io n  and p l a s m o l y s i s  w e r e  o b s e r v e d ,  in  the  

h ig h e r  c o n c e n t r a t i o n s ,  in  the u n g errn in a ted  and g e r m in a te d  

s p o r e s  and  t h e ir  g e r m  tu b e s .  S t im u la t io n  did o c c u r  but o n ly  

at pH  3.0 and a t  2 2 ° ,  2 4 °  and 2 6 °  C.

7 . The s p o r e s  of R a m u la r ia  sp . w e r e  s u b je c t  to in h i ­

b i t io n  and l e t h a l  a c t io n  a s  t h o s e  of the p r e v io u s  th r e e  o r g a n ­

i s m s ,  but w e r e  f r e e  f r o m  d is to r t io n  in  the h ig h e r  c o n c e n tr a t io n s  

of A c t i - d i o n e .  T o ta l  k i l l  v a r i e d  f r o m  50 .0  to 75 .0  p .p .m .  o f  

A c t i - d i o n e .  S t im u la t io n s  o c c u r r e d  fr e q u e n t ly  but n o t  to the  

e x te n t  th e y  o c c u r r e d  w ith  B o t r y t i s .  M o s t  s t im u la t io n s  o c c u r r e d  

at  0 .5  p .p .m .  but w e r e  a l s o  o b s e r v e d  at o th e r  c o n c e n tr a t io n s

of A c t i - d i o n e .  N o  on e  pH w a s  m o r e  fa v o r a b le  than an oth er  in  

in f lu e n c in g  s t im u la t io n s .
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8. In g e n e r a l  the r e s u l t s  o f  the h u m id ity  t e s t s  w e r e  

c o r r e l a t e d  w ith  th e  i m m e r s i o n  t e s t s .  A  s o m e w h a t  h ig h e r  p e r ­

c e n ta g e  of in h ib it io n  w a s  n o te d  h o w e v e r ,  and  it  i s  b e l i e v e d  that  

th is  w a s  due to th e  la c k  of a d eq u a te  m o is t u r e  r a th e r  than the  

e f f e c t  of the h u m id ity  upon th e  A c t i - d io n e .  A  n u m b e r  of s t i m ­

u la t io n s  d id  o c c u r  w ith  e v e r y  o r g a n i s m  u s u a l ly  at the s a m e  

c o n c e n tr a t io n  of A c t i - d io n e ,  pH  and t e m p e r a tu r e  a s  o b s e r v e d  

in  the i m m e r s i o n  t e s t s .  S o m e  d is to r t io n  d id  o c c u r  but w a s  

p r i m a r i l y  a s tu n tin g  of the g e r m  tu b e s  w h ich  a p p e a r e d  v e r y  

th in  and s h o r t .

9 . The w a sh in g  e x p e r im e n t s  in  w h ic h  t r e a t e d  s p o r e s  o f  

the o r g a n i s m s  w e r e  w a s h e d  a f te r  e x p o s u r e  to A c t i - d io n e  p r o ­

d u ced  v e r y  p o o r  r e s u l t s .  O n ly  a t r a c t  of the A c t i - d io n e  co u ld  

b e r e c o v e r e d  f r o m  the t r e a t e d  s p o r e s .  So s m a l l  w a s  the qu an ­

t i ty  o f  r e c o v e r e d  A c t i - d io n e  that i t  w a s  n e g l ig ib le .
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ANDREW THANOS ABSTRACT

A n u m b e r  of in  v itro  t e s t s  w ere  co n d u c ted  in  o r d e r  to 

d e te rm in e  the e f fe c t of A c ti-d io n e  u n d er v a r io u s  m ic ro -e n v iro n ­

m e n ta l co n d itio n s . S pore  su sp e n s io n s , in c o rp o ra tin g  v a r io u s  

c o n c e n tra tio n s  of A c ti-d io n e , w ere  p r e p a re d  and s tu d ied  u n d e r 

a  s e r i e s  of te m p e r a tu re s  ran g in g  f ro m  22° C. to  30° C. A d d i­

tio n a l t e s t s  w e re  m ade to d e te rm in e  the e ffe c t of pH in  co n ­

n e c tio n  w ith  e a c h  of the  above te m p e ra tu re s .  A s e r ie s  of 

w ash ing  e x p e r im e n ts  w ere  m ade in  an a tte m p t to  d e te rm in e  

how m u ch  of th e  A c ti-d io n e  co u ld  be re c o v e re d  f ro m  th e  t r e a te d  

s p o re s .  In  ad d itio n  to  th e se , a  s e r ie s  of h u m id ity  t e s t s  w ere  

co n d u c ted  to  d e te rm in e  the e f fe c t of A c ti-d io n e  upon th e  s p o re s  

of th e  sa m e  o rg a n is m s  u n d e r v a ry in g  h u m id itie s  and w ith  v a r i ­

ous h y d ro g e n -io n  c o n c e n tra tio n s .

The r e s u l t s  in d ic a te  th a t  in  the c a se  of C lad o sp o riu m  

c u c u m e rin u m , A c ti-d io n e  w as m o s t e ffec tiv e  in  in h ib itin g  g e r m ­

in a tio n  a t  22° C. a t  pH 4.0 and  a t  30° C. a t  pH  6.8 . No g e r m ­

in a tio n  o c c u r re d  a t  pH  3.0. Som e s tim u la tio n  of g e rm in a tio n  

o c c u r re d  a t  0 .5 , 2.5 and 5.0 p .p .m . of A c ti-d io n e  a t 24° C. and 

30° C. No s tim u la tio n  w as o b se rv e d  a t a ll  of the  o th e r  te m p e r ­

a tu r e s .  No d is to r t io n  w as o b s e rv e d  a t  any  t re a tm e n t.
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The s p o re s  of .B. c in e r e a  w e re  k ille d  a t  50.0 and 100.0 

p .p .m . depending upon the  te m p e ra tu re  and pH . S tim u la tio n  of 

g e rm in a tio n  o c c u r re d  f re q u e n tly  a t  a l l  te m p e ra tu re s  and  h y d ro ­

g en  io n  c o n c e n tra tio n s  b u t p r in c ip a lly  a t  0 .5  p .p .m . A c o n s id ­

e ra b le  am o u n t o f  d is to r t io n  and  c y to p la sm ic  d iso rg a n iz a tio n  w as 

n o ted  in  b o th  g e rm in a te d  and  u n g e rm in a te d  s p o re s .

M . f ru c t ic o la  s p o re s  w e re  c o m p le te ly  in h ib ited  a t co n ­

c e n tra t io n s  of A c ti-d io n e  v a ry in g  f ro m  10.0 to  25.0 p .p .m . The 

f o r m e r  c o n c e n tra tio n  w as e ffec tiv e  a t  28° and  30° C. w h e re a s  

the l a t t e r  w as m o s t e ffec tiv e  a t  22°, 24° and  26° C. Som e 

d is to r t io n  and  d iso rg a n iz a tio n  w as o b s e rv e d  in  the h ig h e r  c o n ­

c e n tra t io n s  of the t r e a tm e n ts  u sed .

The s p o re s  o f R a m u la r ia  sp . w e re  f r e e  f ro m  any of 

the  d is to r t io n s  o b s e rv e d  w ith  th e  o th e r  o rg a n ism s . Som e s tim -

a
u la tio n s  w e re  o b s e rv e d  a t  e v e ry  te m p e ra tu re  and h y d ro g en  ion 

c o n c e n tra tio n . T o ta l k ill  o c c u r re d  a t  50.0 and  100.0 p .p .m . 

depending  upon the  te m p e ra tu re  and  th e  pH o f the  so lu tio n s  in 

w hich  the s p o re s  w e re  im m e rs e d .


